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Abstract Recently,a C>T polymorphism (rs1434536) ina
miR-125b binding site in the 3’ untranslated region (3'UTR)
of bone morphogenetic protein membrane receptor type IB
gene (BMPRI1B) has been found to contribute to cancer
susceptibility. To investigate whether it plays an important
role in the development of prostate cancer in southern Chi-
nese Han population, we performed a case—control study.
247 prostate cancer and 278 control subjects were included
in the cancer association study and dual-luciferase reporter
assay was used to test the binding ability of miR-125b to
BMPRI1B-C or -T vectors. The effect of CT/TT genotype on
prostate cancer risk was found to be significant for localized
disease (OR = 1.60, 95% CI = 1.01-2.53, P = 0.044) and
among subgroups of aged >70 years (OR = 1.90, 95%
CI = 1.15-3.15, P = 0.015) compared with CC genotype.
Moreover, C-allele gave a reduced luciferase activity
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relative to T-allele in dual-luciferase reporter assay. Our
findings show that rs1434536 in the 3'UTR of BMPR 1B gene
affects the binding ability of miR-125b to BMPR1B mRNA
and contributes to the genetic predisposition to localized
prostate cancer and patients aged >70 years.
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Introduction

MicroRNAs (miRNAs) are a recently discovered class of
small nocoding RNAs that regulate gene expression by
binding to mRNA sequences and repressing target-gene
expression post-transcriptionally, either by inhibiting
translation or promoting RNA degradation [1, 2] and play
fundamental roles in cell growth, apoptosis, hematopoietic
lineage differentiation, and differentiation [3, 4]. There is
emerging evidence that miRNAs are involved in cancer
pathogenesis. Moreover, genomic variation within miRNA
target sites may therefore be important sources for genetic
differences in human cancer risk [5-7].

Prostate cancer is one of the most common cancers in
men and is the second leading cause of male cancer death
in the United States [8]. There were differential expression
of miR-125b in androgen-dependent and independent
prostate cancer cells as well as in benign and malignant
prostate tissues [9], suggesting that miR-125b may con-
tribute to the formation of prostate cancer. Recently, a C>T
polymorphism (rs1434536) in a miR-125b binding site in
the 3’ untranslated region of bone morphogenetic protein
membrane receptor type IB gene (BMPR1B), which results
in an reduced binding ability of miR-125b to BMPRI1B-T
allele, has been found to contribute to breast cancer
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susceptibility [10]. BMPR1B binds bone morphogenetic
proteins (BMP) and all of them are multifunctional sig-
naling molecules that belong to the transforming growth
factor § (TGF-p) superfamily and were originally isolated
as factors that induced bone and cartilage formation [11].
Consequent work has demonstrated that normal BMP/
receptors are critical during mammalian development,
cellular chemotaxis, and cellular differentiation [12-14].
Moreover, BMP/receptors were also detected in the can-
cerous prostate tissues and in the prostate cancer cell lines
[15], suggesting that BMP/receptors may be involved in the
osteogenic metastasis of the prostate cancer.

To date, there is no data about the association between
BMPRI1B polymorphism and prostate cancer risk. Hence,
we explored the role of this polymorphism in prostate
cancer in southern Chinese Han population and further
examined the miR-125b binding ability on BMPRIB
3'UTR containing either C or T alleles.

Materials and methods
Study population

Two hundred and forty-seven prostate cancer patients were
diagnosed between December 2006 and July 2009, and
were pathologically proven to have prostate adenocarci-
noma after biopsy in the First Affiliated Hospital of Nan-
jing Medical University (Jiangsu Province Hospital) in
Nanjing, China. All the patients were southern Chinese
Han population. The control group (n = 278) was age-
matched, and the subjects were healthy checkup examinees
without cancer history and were collected in the same
period. Controls were excluded if they had an abnormal
prostate specific antigen (PSA) level, or abnormal digital
rectal examination (DRE).

After informed consent was obtained, 2 ml peripheral
blood sample was collected and each subject was asked to
finish a questionnaire including age, race, tobacco use,
alcohol use, family history of cancer and so on. In present
research, smoking more than five cigarettes per day for
more than 5 years was defined as smoking. Pack-years of
smoking (cigarettes per day <+ 20) x (years with smoked)
were calculated to indicate the cumulative smoking dose.
Drinking habit was defined as drinking at least three times
per week and lasting more than 10 years. Family history of
cancer was defined as cancer in first-degree relatives
(parents, siblings, or children). Disease stage was deter-
mined by pathologic findings, pelvic computed tomogra-
phy, magnetic resonance image and radio-nucleotide bone
scans. The tumor stage was determined using TNM
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classification and graded according to WHO guidelines.
Pathologic grade was recorded as the Gleason score.

Genotyping

Genomic DNA was extracted from whole blood by stan-
dard proteinase K digestion and the phenol/chloroform
method [16]. Genotyping was carried out using TagMan
SNP Genotyping Assays (Applied Biosystems). Reaction
volumes of 10 pl, including 20 ng of DNA, TagMan
Universal Master Mix, and the SNP assay mix. PCR
reactions were done on a PTC 200 Thermal Cycler (Bio-
Rad inc.) with the following protocol: 2 min at 50°C, and
10 min at 95°C, and then 40 cycles of 15 s at 95°C and
1 min at 60°C. The SNP assays were analyzed on a
7300HT and alleles were called using Sequence Detection
System version 2.3.

Dual luciferase reporter assays

We obtained DU145 and PC3 cell lines from Shanghai Cell
Bank, Chinese Academy of Sciences and cultivated it in
DMEM (Gibco), supplemented with 10% fetal bovine
serum (Hangzhou Sijiging Biological Engineering Materi-
als Co., Ltd). Transfections were performed with lipo-
fectamine 2000 (Invitrogen). Luciferase reporter vectors
(psiCHECK-2) containing C or the T alleles at rs1434536
in the 3-UTR of BMPRIB gene were granted by Dr.
Garrett P. Larson. Dul45 and PC3 cells were transfected
with vectors with C or T allele. And 24 h later, they were
transfected with miR-125b mimics or NC (negative con-
trol) (Shanghai GenePharma Co., Ltd). The sequence of
miR-125b mimics was 5'-UCCCUGAGACCCUAACUUG
UGA-3' and that of NC was 5-UUCUCCGAACGUGU
CACGUTT-3". The cells were collected 48 h after the
second transfection, and cell lyases were prepared
according to the manufacture’s instruction. Luciferase
activity was measured with a Dual-Luciferase Reporter
Assay System (Beyotime Co., Ltd) and normalized against
the activity of the Renilla luciferase gene.

Statistical analysis

Hardy—Weinberg equilibrium was assessed using good-
ness-of-fit chi-square test. Distribution of demographic
characteristics and substance genotypes were assessed by
calculating the OR and 95% CI. Group means were com-
pared by Student’s t-test. A P-value <0.05 was considered
statistically significant, and all statistical tests were two
sided. All statistical analyses were done using the Statis-
tical Package of the Social Sciences software version 16.0
(SPSS, Inc.).
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Results
Characteristics of the study population

The demographic characteristics of prostate cancer cases
and healthy controls are shown in Table 1. Baseline char-
acteristics were similar between cases and controls, except
that there were more subjects who had large body mass
index (BMI >23 kg/m?) among the cases than among the
controls (66.80 vs. 57.91%, P = 0.036), and the frequency
of relatives with cancer from the case group was higher,
compared to nonrelatives (25.10 vs. 14.75%, P = 0.003).

Genotype distributions

The distribution of rs1434536 in the control group was
37.41% for CC homozygote, 46.40% for CT heterozygote,
and 16.19% for TT homozygote, which did not appear to
differ from that of the HapMap CHB population. The
genotype distributions in the controls fit the Hardy—Wein-
berg equilibrium (3* = 0.22, P = 0.639).

As shown in Table 2, the TT genotype in the patients
was more frequent than that in the controls (17.81 vs.
16.19%), although no statistically significance was found.
A similar trend was also observed in the dominant genetic
model. The association between the genotype and the risk
of prostate cancer was further analyzed using multivariate
unconditional logistic regression, with adjustment for
potential covariates (age, BMI, cigarette smoking, alcohol

Table 1 Demographic characteristics of prostate cancer cases and
controls

Characteristics Cases (n = 247)  Controls (n = 278) P value®
N % N %

Age (years) 0.394
<70 109 44.13 133 47.84
>70 138 55.87 145 52.16

Body mass index (kg/m?2) 0.036
<23 82 33.20 117 42.09
>23 165 66.80 161 5791

Cigarette smoking (pack-years) 0.378
0 100 40.49 126 45.32
<20 54 21.86 63 22.66
>20 93 37.65 89 32.01

Alcohol drinking 0.137
Never 136 55.06 135 48.56
Ever 111 44.94 143 51.44

Family history of cancers 0.003
No 185 74.90 237 85.25
Yes 62 25.10 41 14.75

# Two-sided 3(2 test for the distributions between the cases and
controls

drinking, family history of cancers). The CT/TT genotype
was found tender to have a risk effect on prostate cancer,
however, the result did not reach statistically significance
(OR = 1.33, 95% CI = 0.92-1.92, P = 0.161).

Stratified analysis

Supplemental Table 1 lists the association between geno-
types and prostate cancer risk stratified by disease stage,
Gleason score and serum PSA level. The effect of
rs1434536 CT/TT genotype on prostate cancer risk was
found to be significant for localized disease (OR = 1.60,
95% CI = 1.01-2.53, P = 0.044 for CT/TT vs. CC) but
not for advanced prostate cancer (Fig. 1). Moreover, no
significant association between the SNP and the risk for
prostate cancer was found when stratifying the case group
by Gleason score and serum PSA level. Interestingly,
as shown in Supplemental Table 2 and Fig. 2, the
increased risk was more pronounced among subgroups of
aged >70 years (OR =1.90, 95% CI = 1.15-3.15,
P = 0.015) when comparing the CT/TT genotype with the
CC genotype, but not in subgroups of aged <70 years
(OR = 0.89, 95% CI = 0.51-1.54). In addition, there was
no significant association in the stratified analysis by BMI,
status of cigarette smoking and alcohol drinking and family
history of cancers.

Dual-luciferase reporter assay

Vectors containing either C or T alleles and miR-125b or NC
mimics transiently transfected into DU145 and PC3 cell lines
and Renilla luciferase activity was measured. When trans-
fected with miR-125b, the C-allele gave a reduced luciferase
activity relative to the T allele (Fig. 3, P < 0.05), which
suggested a direct functional effect of the SNP. However,

Table 2 Genotypes in patients with prostate cancer and controls

Genotype Cases Controls* P value®  Adjusted OR
N (%) N (%) (95% CI)*

Total 247 278
CC 78 (31.58) 104 (37.41) 0.374 1.00 (reference)
CT 125 (50.61) 129 (46.40) 1.34 (0.91-1.98)
TT 44 (17.81) 45 (16.19) 1.32 (0.78-2.22)
CcC 78 (31.58) 104 (37.41) 0.161 1.00 (reference)
CT/TT 169 (68.42) 174 (62.59) 1.33 (0.92-1.92)

% The genotype frequencies among the control subjects were in
agreement with the Hardy—Weinberg equilibrium (3* = 0.22,
P = 0.639)

® Two-sided xz test for the distributions or allele frequencies between
the cases and controls

¢ Odds ratios (ORs) were obtained from a logistic regression model
with adjusting for age, BMI, cigarette smoking, alcohol drinking,
family history of cancers; 95% CI, 95% confidence interval
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Fig. 1 rs1434536 polymorphism and clinical characteristics in
patients with prostate cancer. Localized: T1-2NOMO; Advanced:
T3-4NxMx or TxNIMx or TxNxM1 [According to the international
tumor-node-metastasis (TNM) staging system for Prostate cancer]
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Fig. 2 Association and stratification analysis by age between
rs1434536 and risk of prostate cancer

when we transfected the two vectors with NC, no significant
result was found between the two alleles.

Discussion

To date, this is the first study on BMPR1B polymorphism
to prostate cancer susceptivity. In present study, we per-
formed a case—control study with 247 prostate cancer cases
and 278 healthy controls in southern Chinese Han popu-
lation and rs1434536 CT/TT genotype was prominent in
the prostate cancer group and revealed a higher risk of
developing prostate cancer than CC genotype in individu-
als aged over 70 years old or with localized disease.
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Fig. 3 Luciferase reporter assays to measure C to T allele differences
at rs1434536. Dul45 and PC3 cells were transiently transfected with
C or T bearing reporter vectors, which is predicted to influence the
recognition of the miR-125b seed sequence in the BMPR1B 3’-UTR
and miR-125b mimics. Renilla luciferase activity was measured and
normalized to Firefly luciferase. Results are shown as percentage
relative to luciferase activity. Data represent the mean + SEM of at
least three independent experiments. *,**P < 0.05

BMP/receptors belong to the TGF-Beta superfamily and
are vital bone inductive factors, which also play important
roles during embryonic development and the postnatal
homeostasis of various organs and tissues, by controlling
cellular differentiation, proliferation and apoptosis[17, 18].
Mutations in BMPR1B are rare, and few articles focused
on polymorphisms of BMPRI1B. Recently, a C>T poly-
morphism (rs1434536) in the 3’ untranslated region of
BMPR1B has been found to contribute to breast cancer
susceptibility [10]. A competition between the free energy
gained by miRNA binding and the energetic cost of dis-
placing existing RNA secondary structure at the target site
was summarized by PITA [19]. And inputting the 200
nucleotides centered on rs1434536C/T alleles to PITA
gave dG values of —0.53 and 3.09. As smaller values
indicate stronger miRNA binding, it suggested that
replacing C allele by T allele reduced binding ability of
miR-125b to BMPRIB mRNA. It was confirmed by our
further dual-luciferase reporter assay. The C-allele gave a
reduced luciferase activity relative to the T allele, which
suggested a direct functional effect of the SNP.

Rs1434536 CT/TT genotype was found to be associated
with localized disease (OR = 1.60, 95% CI = 1.01-2.53,
P = 0.044) but not advanced prostate cancer in our pop-
ulation. Although a correlation has been found between
expression of BMPR1B and clinical severity of prostate
cancer [15], how rs1434536 polymorphism affects the
clinical features of prostate cancer remains unknown.
Whether rs1434536 polymorphism had phenotypic effects
on prostate cancer deserves further investigation. Age
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might be a risk factor for prostate cancer. We found the OR
for rs1434536 CT/TT genotype was 1.90 (95% CI:
1.15-3.15, P = 0.015) among patients aged >70 years,
which suggested that rs1434536 was a more appropriate
predictor for prostate cancer in elder people since prostate
cancer had an age-related increased incidence.

It was known to all that larger BMI, drinking, smoking and
familiar cancer history were all considered as potential risk
for various cancers. In present study, we found that more
subjects whose BMI was over 23 kg/m” among the cases
than among the controls, and the frequency of relatives with
cancer from the case group was higher, compared to nonre-
latives. Unfortunately, we failed to find any evidence for
interactions between the polymorphism and these factors.
This observed phenomenon might indicate that these cancer
patients without the established risk factors may have some
other unknown exposures, or have other high level of genetic
susceptibilities, or have other unknown risk factors that are
linked to the putative risk genotypes. Another possibility is
that the results are purely chance as the numbers in the
subgroups compared were relatively small. Further, larger
studies are wanted to confirm the results.

Conclusions

Our findings uncover that the C>T polymorphism
(rs1434536) in the 3’ untranslated region of BMPR1B gene
affects the binding ability of miR-125b to BMPRIB
mRNA, contributes to the genetic predisposition to prostate
cancer, and plays a role in the tumorigenesis. As GWAS
have identified only common SNPs as genetic risk factors,
it is likely that many rare alleles present within motifs for
miRNAs remain to be identified. Since the number of the
cases and controls are relatively small, larger studies are
needed to confirm this relationship with different ethnic
groups and more detailed environmental exposure data.
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