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Purpose: Numerous clinical studies have suggested that chemopreventive drugs for breast
cancer such as tamoxifen and exemestane can effectively reduce the incidence of estrogen
receptor (ER)-positive breast cancer. However, it remains unclear how to identify those who
are susceptible to ER-positive breast cancer. Accordingly, there is a great demand for a probe
into the predisposing factors so as to provide precise chemoprevention. Recent evidence has
indicated that ER. expression can be regulated by microRNAs (miRNAs), such as miR-206,
in breast cancer. We assumed that single-nucleotide polymorphisms (SNPs) in the miR-206-
binding sites of the target genes may be associated with breast cancer susceptibility with dif-
ferent ER statuses.

Methods: We genotyped the SNPs that reside in and around the miR-206-binding sites of two
target genes — heparan sulfatase 1 (SULF ) and RPTOR-independent companion of mammalian
target of rapamycin Complex 2 (RICTOR) — which were related to the progression or metastasis
of breast cancer cells in 710 breast cancer patients and 294 controls by the matrix-assisted laser
desorption ionization-time of flight mass spectrometry method. Modified odds ratios (ORs) with
their 95% confidence intervals (Cls) were calculated by a multivariate logistic regression analysis
to evaluate the potential association between the SNPs and breast cancer susceptibility.
Results: For 1s3802278, which is located in the 3’-untranslated region (3’-UTR) of SULF I, the
frequency of the AA genotype was less in breast cancer patients than that in the controls as com-
pared to that of the GG + GA genotype not only for ER-positive breast cancer patients (adjusted
OR =0.663, P=0.032) but also for hormone receptor-positive breast cancer patients (adjusted
OR =0.610, P=0.018). Besides, the frequency of the AA genotype was less than that of the GG
genotype between the ER-positive breast cancer patients and the controls (adjusted OR =0.791,
P=0.038). For rs66916453, which is located in the 3’-UTR of RICTOR, no significant difference
was observed between the case and the control group for the genotypes or alleles (P>0.05).
Conclusion: The SNPs in the miRNA-binding sites within the 3’-UTR of SULFI may serve as
protective factors against the susceptibility to breast cancer, especially to ER-positive breast cancer
in the Chinese population. These SNPs are promising candidate biomarkers to predict the suscep-
tibility of breast cancer and guide the administration of targeted preventive endocrine therapy.
Keywords: breast cancer susceptibility, miRNA, single-nucleotide polymorphism, SULFI

Introduction
Early in 1976, women who used exogenous estrogen were found to have a higher
incidence of breast cancer.! Subsequently, an increasing number of case-control
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and prospective studies reported that hormone replacement
therapy increased the incidence and mortality of breast
cancer.?” Estrogen receptor oo (ER) is crucial for the
estrogen-dependent growth of breast cancer; its expression
is essential for the prognosis of breast cancer patients and
their responses to endocrine therapy. Numerous studies have
proven that the higher the level of ERol expression in tumor
cells, the greater the response to endocrine therapy.® The
human ERa gene (ESRI) is controlled at the transcriptional
level by many different cofactors.” Over the past few years,
manifold genetic or epigenetic events, such as mutations of
open reading frame® and deoxyribonucleic acid (DNA) meth-
ylation of CpG islands,” have been found to be involved in
the complex mechanism that regulates ESR1 gene expression
in breast cancer. An increasing amount of evidence indicates
that other epigenetic changes, including microRNA (miRNA)
networks, may also contribute to ESR/ regulation.

MiRNAs are small noncoding RNAs that control gene
expression at the translational level by targeting specific
messenger RNAs (target mRNAs). Mature miRNAs
become part of the RNA-induced silencing complex, which
recognizes the specific sites in the 3’-untranslated region
(3’-UTR) of target mRNAs and induces translational repres-
sion or mRNA cleavage.!® miRNAs are novel factors for
gene regulation; their functions have not been completely
recognized but are considered to serve an important role in
the regulation of many biological processes, such as cellular
proliferation, differentiation, and apoptosis. Studies have
shown that miRNA mutations or incorrect expressions are
correlated with various human cancers and that miRNAs
may function as oncogenes or tumor suppressors.'' miRNA
expression profiling also revealed that certain miRNAs are
differentially expressed among breast cancer subtypes.!?!?
Recent studies have shown that specific miRNAs may regu-
late ERo-mediated signaling, thereby influencing metastasis
and survival in breast cancer.!4"’

Several miRNAs, such as microRNA-206 (miR-200),
have been reported to target ERa., repress ERoce mRNA and
protein expression, and inhibit estrogen-dependent growth in
breast cancer cell lines. In addition, the expression of miR-206
is regulated by 170-estradiol (E2) and ERa-selective agonist
in a double-negative feedback loop.'® The expression level
of miR-206 is higher in ERa-negative human breast tumor
specimens than that in ERa-positive ones, which suggests
that the regulation of miR-206 may have an impact on the
transition between the ERo-positive phenotype and the ER -
negative phenotype.'” Thus, the interrelationship between
miR-206 and ERo. may be crucial to the development of

breast cancer with different ER o statuses. However, the logic
behind it is still open to investigation.

The majority of miRNA-binding sites are located
within the 3’-UTR of mRNAs, which produces the cleav-
age of target mRNAs or the suppression of their translation
via base pairing.?’ Therefore, genetic variants that reside in
the miRNA gene or its binding sites of target mMRNAs may
alter the binding affinities, influence the interaction between
miRNAs and target mRNAs, and ultimately change the
expression of target genes. As the most frequent genetic
variation in the human genome, the single-nucleotide poly-
morphisms (SNPs) in miRNA genes and their target sites may
be promising candidate biomarkers for tumor formation and
development. The SNPs that are located in miRNA-binding
sites have been increasingly reported to impact the regulatory
loop between miRNAs and their target genes*'* or function
as a genetic marker for cancer risk.?>?* Nevertheless, it still
remains ambiguous which SNPs are functional and whether
the SNPs can serve as biomarkers to assess the risk and
prognosis of breast cancer. As several miRNAs, including
miR-206, are closely related to ERc., we hypothesize that
the variation in some gene-binding sites regulated by these
miRNAs may be associated with the risk of breast cancer
with different ERo statuses.

On these premises, we used miR-206 as a starting point
for our study to select several potential target genes of
miR-206, which may be correlated with carcinogenesis,
progression, or metastasis of breast cancer on the basis of
recent studies. Then, we performed a case-control study to
demonstrate whether the SNPs located in the miRNA-binding
sites within the 3"-UTR of selected target mRNAs had an
effect on the susceptibility of ER-positive breast cancers.
Several clinical studies have indicated that chemopreven-
tion for breast cancer such as tamoxifen and exemestane
may effectively reduce the incidence of ER-positive breast
cancer.”?’ Therefore, it may be of great value to filter the
women with high susceptibility to ER-positive breast cancer
from the normal population, offering the implications for pre-
dictive factors for chemoprevention in breast cancer, as well
as improving the precision and cost-effectiveness of breast
cancer chemoprevention as a health care intervention.

Materials and methods

Study cohort

Between 2008 and 2011, 710 patients with breast cancer and
294 nonmalignant women were recruited as the cases and
controls, respectively. The inclusion criteria were females
aged between 18 years and 85 years. These breast cancer
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patients must be confirmed by histopathological examination of
samples from core needle biopsy or open biopsy. Histological
types were not limited. Participants who suffered from other
malignancies or who reported a family history of other malig-
nancies were excluded from the study. Written informed con-
sent was obtained from each subject. For each case and control,
a 5 mL of peripheral blood sample was collected and stored
at —80°C. The study was approved by the ethics committee of
Fudan University Shanghai Cancer Center (FDUCC).

Candidate gene loci
First, based on the predictions of TargetScan (http:/www.
targetscan.org/), miRanda (http://www.microrna.org/

microrna/home.do), microcosm (http://www.ebi.ac.uk/

enright-srv/microcosm/htdocs/targets/v5/), and PicTar (http://

pictar.mdc-berlin.de/) networks and the review of literature,

we selected the potential target genes of miR-206 that are
related to malignant characteristics of breast cancer, such as
proliferation, angiogenesis, invasion, metastasis, or inhibition
of apoptosis. Second, we downloaded the SNPs in the 3’-UTR
of the candidate genes from the National Center for Biotech-
nology Imformation (NCBI) database (http://www.ncbi.nlm.
nih.gov/guide/all/). We screened the SNP loci that cover the
extension of 2 kb at both sides of the miR-206-binding sites
in the target genes with low binding free energy as candidates.
Table 1 lists the characteristics of the candidate loci.

Polymerase chain reaction and SNP
genotyping

The DNA was extracted from the peripheral blood samples
of all subjects using the Qiagen DNA blood kit (Qiagen NV,
Venlo, the Netherlands) according to the manufacturer’s
protocols. SNP genotyping was performed at Shanghai Bene-
gene Biotechnology Co., Ltd (Shanghai, People’s Republic
of China), using the MassARRAY system (Sequenom, San
Diego, CA, USA) by the matrix-assisted laser desorption
ionization-time of flight (MALDI-TOF) mass spectrometry
method. Primers for polymerase chain reaction (PCR) and
single-base extension were designed by the Assay Designer
software package (Sequenom). The sequences of the primers
are listed in Table 2. PCR amplification was performed in a

Table | Candidate target genes and the corresponding SNPs

Target gene SNP
Sulfatase | (SULFI/HSULFI) rs3802278
RPTOR independent companion of mTOR rs66916453

Complex 2 (RICTOR)

Abbreviation: SNP, single-nucleotide polymorphism.

5 UL reaction mixture that combined 5 ng DNA, 0.95 uL
water, 0.625 uL of PCR buffer (containing 15 mM MgCl,),
1 uL of 2.5 mM deoxynucleotide (AINTP), 0.325 uL of 25 mM
MgCl,, 1 uL of PCR primers, and 0.1 puL of 5 units/uL HotStar
Taq (Qiagen NV). The reaction conditions were as follows:
94°C for 15 minutes, 45 cycles at 94°C for 20 seconds, 56°C
for 30 seconds, and 72°C for 1 minute, followed by 3 minutes
at 72°C. After the amplification, the remaining dNTPs were
dephosphorylated by adding 1.53 uL of water, 0.17 uL
of shrimp alkaline phosphatase (SAP) buffer, and 0.3 units
of SAP (Sequenom). The reaction was placed at 37°C for
40 minutes, and the enzyme was deactivated by incubating
at 85°C for 5 minutes. After SAP treatment, the single primer
extension over the SNP was combined with 0.755 uL water,
0.2 uL of 10x iPLEX buffer, 0.2 uL of termination mix,
0.041 pL of iPLEX enzyme (Sequenom), and 0.804 uL of
10 uM extension primer. The single-base extension reaction
was performed at 94°C for 30 seconds, 40 cycles at 94°C for
5 seconds, 52°C for 5 seconds, and 80°C for 5 seconds, fol-
lowed by 72°C for 3 minutes. The reaction mix was desalted
by adding 6 mg of cation exchange resin (Sequenom), mixed,
and resuspended in 25 UL water. The completed genotyping
reactions were spotted onto a 384-well spectroCHIP (Seque-
nom) using the MassARRAY Nanodispenser (Sequenom) and
determined by the MALDI-TOF mass spectrometer. Genotype
calling was performed in real time with the MassARRAY RT
software Version 3.0.0.4 and analyzed using the MassAR-
RAY Typer software Version 3.4 (Sequenom).

Statistical analysis

Both cases and controls were analyzed with a chi-squared
test to determine whether they were in Hardy—Weinberg
equilibrium (HWE) in order to exclude the possibility of
experimental artifacts. Clinical parameters were compared
between the two groups using a Student’s ¢-test for continu-
ous variables and a chi-squared test for unordered categorical
variables. The data for the age of disease onset were pre-
sented as a mean value + SD. A one-way analysis of variance
and a Student’s #-test for differences in age of disease onset
were used among the three genotypes and between the two
genotypes, respectively, for each SNP, and a general linear
model was applied for the trend test of age. The modified
odds ratios (ORs) with their 95% confidence intervals (Cls)
were calculated by a multivariate logistic regression analysis
to evaluate the potential association between the SNPs and
breast cancer susceptibility. All statistical analyses were
processed by Stata 12.0 (StataCorp LP, College Station,
TX, USA).
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Table 2 Sequences of primers

SNP PCR primer | PCR primer 2 Single-base extension primer

rs3802278 ACGTTGGATGTACTG ACGTTGGATGATGGC TCTTTCGGGTGCCTG
GGGAAGTTCTTTCGG ATGACAGAGCTAGAG

rs66916453 ACGTTGGATGTTCCA ACGTTGGATGTGGTA ccccAGCCATATTTCGTTAAAAAAAA
TGGGGAAAGAAGAGC CTTAAGGCTTTTCAC

Abbreviations: SNP, single-nucleotide polymorphism; PCR, polymerase chain reaction.

Results

Characteristics of the participants

Between 2008 and 2011, 710 patients with breast cancer
(mean age 49.6819.27 years) and 294 non-malignant women
(mean age 49.6919.86 years) were recruited as the cases and
controls, respectively. No statistically significant distribution
difference was observed between the two groups in terms of
age and menopause status. Table 3 lists the characteristics
of the enrolled patients.

Hardy—VVeinberg equilibrium

The results of the HWE analysis for both cases and controls
are shown in Table 4. When the P-value was >0.01, the
cohort was considered in HWE. We discovered that both
cases and controls of each SNP were in HWE (all P>0.01,
Table 4), which suggests that the results of the study
were reliable.

Association between rs3802278 and

breast cancer susceptibility
For the SNP rs3802278 located within the 3’-UTR of heparan
sulfatase 1 (SULF'1), the frequency of the AA genotype was

Table 3 Main characteristics of the enrolled patients

Control Case P-value

Number 294 710
Age (years), mean £ SD 49.68+9.27 49.69+9.86 0.984
Menstrual status

Premenopausal 165 363 0.149

Postmenopausal 129 347
Estrogen receptor (ER)

Positive 490

Negative 199

Unknown 21
Progesterone receptor (PR)

Positive 458

Negative 237

Unknown 15
Axillary lymph node

Positive 271

Negative 432

Unknown 7

less in the breast cancer patients than the controls (adjusted
OR =0.663, P=0.032, Table 5) compared with that of the
GG + GA genotype, which implies that the AA genotype
shows a protective effect on breast cancer risk. Similar
results were achieved not only in ER-positive breast cancer
patients (adjusted OR =0.610, P=0.018, Table 6) but also
in hormone receptor (HR)-positive (ER and/or proges-
terone receptor positive) breast cancer patients (adjusted
OR =0.642, P=0.030, Table 7), which suggest that the
AA genotype reveals a protective impact against the sus-
ceptibility to ER-positive and HR-positive breast cancers
compared with the GG + GA genotype. Besides, the fre-
quency of the AA genotype was less than that of the GG
genotype between ER-positive breast cancer patients and
controls (adjusted OR =0.791, P=0.038, Table 6), which
indicates that the AA genotype presents a protective associa-
tion against the risk of ER-positive breast cancer compared
with the GG genotype.

Association between rs66916453 and
breast cancer susceptibility

For rs66916453 located within the 3’-UTR of RPTOR-
independent companion of mammalian target of rapamycin
(mTOR) Complex 2 (RICTOR), no significant difference
was observed between the case and the control group for
genotypes or alleles (P>0.05, Table 8).

Association between SNP genotype and
age of disease onset

Forrs3802278, the AA genotype delayed the onset of disease
as compared to the GG + GA genotype for breast cancer
overall (P=0.046), ER-positive breast cancer (P=0.013),
and HR-positive breast cancer (P=0.032). The trend test

Table 4 Hardy—Weinberg equilibrium analysis for the cases and

controls

SNP Allele Case Control
rs3802278 G>A 0.9927 0.0186
rs66916453 ™G 0.5260 0.8531

Abbreviation: SD, standard deviation.

Abbreviation: SNP, single-nucleotide polymorphism.
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Table 5 The association between the polymorphism of rs3802278 and the susceptibility of breast cancer

rs3802278 Control, Breast cancer, P-value OR (95% CI) P-value* OR (95% CI)*
genotypes n=294 n=710

n % n %
GG 118 40.14 291 40.99 | |
GA 121 41.15 327 46.05 0.548 1.096 (0.813, 1.477) 0.425 1.132 (0.835, 1.536)
AA 55 18.71 92 12.96 0.055 0.824 (0.675, 1.004) 0.081 0.835 (0.681, 1.023)
GG 118 40.14 291 40.99 | |
GA + AA 176 59.86 419 59.01 0.803 0.965 (0.732, 1.274) 0.994 1.001 (0.755, 1.328)
GG+ GA 239 81.29 618 87.04 | |
AA 55 18.71 92 12.96 0.020 0.647 (0.449, 0.933) 0.032 0.663 (0.456, 0.965)
G 357 60.71 909 64.01 | |
A 231 39.29 511 35.99 0.163 0.869 (0.713, 1.059) 0.267 0.892 (0.729, 1.092)

Notes: *P-value, OR, and 95% Cl were calculated with multivariate logistic regression. Both case and control population were corrected by age, menstrual status, and family
history of breast cancer. Dominant genotypes were used as references.
Abbreviations: OR, odds ratio; Cl, confidence interval.

Table 6 The association between the polymorphism of rs3802278 and the susceptibility of ER-positive breast cancer

rs3802278 Control, ER-positive P-value OR (95% CI) P-value* OR (95% CI)*
genotypes n=294 breast cancer,
n=490

n % n %
GG 118 40.14 208 42.45 | |
GA 121 41.15 223 4551 0.783 1.046 (0.762, 1.434) 0.627 1.083 (0.784, 1.497)
AA 55 18.71 59 12.04 0.024 0.780 (0.629, 0.968) 0.038 0.791 (0.633, 0.988)
GG 118 40.14 208 42.45 | |
GA + AA 176 59.86 282 57.55 0.525 0.909 (0.677, 1.220) 0.736 0.950 (0.703, 1.283)
GG + GA 239 81.29 431 87.96 | |
AA 55 18.71 59 12.04 0.011 0.595 (0.399, 0.887) 0.018 0.610 (0.405, 0.919)
G 357 60.71 639 65.20 | |
A 231 39.29 341 34.80 0.074 0.825 (0.668, 1.019) 0.141 0.850 (0.685, 1.055)

Notes: *P-value, OR, and 95% CI were calculated with multivariate logistic regression. Both case and control population were corrected by age, menstrual status, and family
history of breast cancer. Dominant genotypes were used as references.
Abbreviations: ER, estrogen receptor; OR, odds ratio; Cl, confidence interval.

Table 7 The association between the polymorphism of rs3802278 and the susceptibility of HR-positive breast cancer

rs3802278 Control, HR-positive P-value OR (95% CI) P-value* OR (95% CI)*
genotypes n=294 breast cancer,
n=520

n % n %
GG 118 40.14 221 42.50 | |
GA 121 41.15 233 44.81 0.862 1.028 (0.752, 1.406) 0.733 1.057 (0.768, 1.456)
AA 55 18.71 66 12.69 0.039 0.800 (0.648, 0.988) 0.054 0.808 (0.651, 1.003)
GG 118 40.14 221 42.50 | |
GA + AA 176 59.86 299 57.50 0.511 0.907 (0.678, 1.213) 0.673 0.938 (0.697, 1.262)
GG + GA 239 81.29 454 87.31 | |
AA 55 18.71 66 12.69 0.021 0.632 (0.427, 0.934) 0.030 0.642 (0.430, 0.958)
G 357 60.71 675 64.90 | |
A 231 39.29 365 35.10 0.092 0.836 (0.678, 1.030) 0.150 0.855 (0.691, 1.058)

Notes: *P-value, OR, and 95% Cl were calculated with multivariate logistic regression. Both case and control population were corrected by age, menstrual status, and family
history of breast cancer. Dominant genotypes were used as references.
Abbreviations: HR, hormone receptor; OR, odds ratio; Cl, confidence interval.
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Table 8 The association between the polymorphism of rs66916453 and the susceptibility of breast cancer

rs66916453 Control, Breast cancer, P-value OR (95% CI) P-value* OR (95% CI)*
genotypes n=293 n=707

n % n %
TT 69 23.55 186 26.31 | |
TG 148 50.51 345 48.80 0.398 0.865 (0.617, 1.211) 0418 0.868 (0.616, 1.223)
GG 76 25.94 176 24.89 0.440 0.927 (0.764, 1.124) 0319 0.905 (0.743, 1.102)
TT 69 23.55 186 26.31 | |
TG + GG 224 76.45 521 73.69 0.363 0.863 (0.628, 1.185) 0.346 0.856 (0.619, 1.183)
TT+TG 217 74.06 531 75.11 | |
GG 76 25.94 176 24.89 0.729 0.946 (0.693, 1.293) 0.567 0.911 (0.663, 1.253)
T 286 488l 717 50.71 [ |
G 300 51.19 697 49.29 0.439 0.927 (0.764, 1.124) 0.352 0.911 (0.748, 1.109)

Notes: *P-value, OR, and 95% Cl were calculated with multivariate logistic regression. Both case and control population were corrected by age, menstrual status, and family

history of breast cancer. Dominant genotypes were used as references.
Abbreviations: OR, odds ratio; Cl, confidence interval.

also showed an increasing age with the AA genotype in a
dose-dependent manner (Table 9). However, we found no
association with the age of breast cancer onset for rs66916453
(all P>0.05, Table 10).

Discussion

To the best of our knowledge, this study first focused on the
relationship of 1s3802278 (located in the 3’-UTR of SULF1
gene) with the susceptibility of breast cancer overall as well
as ER-positive or HR-positive breast cancer, which may be
regulated by miR-206 or other miRNAs.

HSULF1/SULF1 is a sulfatase that can selectively
desulfate heparin sulfate proteoglycans. Heparin sulfate pro-
teoglycans mediate the activation of tyrosine kinase receptors
in numerous cell signaling pathways that are regulated by the
heparin-binding growth factors and cytokines.?®3° Therefore,
SULF1 serves an important role in the activation of many
cell signaling pathways. Previous studies®' suggested
that SULFI was stably expressed in various normal tissues,
whereas the expression level of SULFI was downregulated

in several tumor cells, including breast cancer, pancreatic
cancer, renal cell carcinoma, and hepatocellular carcinoma
cells. The reexpression of the SULF'I gene can inhibit the
proliferation and migration of tumor cells as well as promote
chemotherapy-induced apoptosis.’* Additionally, SULF1
suppressed the proliferation of MDA-MB-468 breast can-
cer cells and tumor angiogenesis of transplanted tumors in
nude mice.’! A recent study showed that the lack of SULF1
expression enhanced the migration and invasion ability of
MCF10DCIS breast cancer cells, and the elevated expression
of SULF I was associated with improved disease-free survival
and overall survival of breast cancer patients.*

When it comes to the studies concerning the association
between the SNP of SULFI and breast cancer susceptibil-
ity, only one study has reported such findings for rs262347
to date.*® In that study, Okolicsanyi et al observed that
1s2623047 in SULF I was significantly associated with breast
cancer risk. Despite different SNPs, both their study and ours
focused on the same gene SULF [ with a similar conclusion,
which indicates SULFI as a potentially important gene in the

Table 9 The association between the rs3802278 genotype and the age of disease onset

rs3802278 Breast cancer, n=710 ER-positive breast cancer, n=490 HR-positive breast cancer, n=520
genotypes Age at diagnosis (years) P-value Age at diagnosis (years) P-value Age at diagnosis (years) P-value
GG 49.64+10.06 0.079* 49.05+10.07 0.026* 49.46+10.13 0.055*
GA 49.1549.92 0.245° 48.31£9.96 0.186° 48.45+9.95 0.406°
AA 51.77+8.80 52.2418.82 51.77£9.17

GG 49.64+10.06 0.903* 49.05+10.07 0.927% 49.46+10.13 0.758°
GA + AA 49.7319.74 0.903° 49.1349.85 0.927° 49.18+9.87 0.758°
GG + GA 49.3849.98 0.030* 48.67+10.01 0.010° 48.94+10.04 0.031°
AA 51.77+8.80 0.030° 52.24+8.82 0.009° 51.7749.17 0.030°
G 49.46+10.00 0.245* 48.79+10.02 0.187% 49.11+10.07 0.403*
A 50.10£9.60 0.245° 49.67+9.74 0.187° 49.65+9.78 0.402°

Notes: *P for age difference; *P for trend test. The P-value is not provided for every single genotype; it is an overall value for the difference among the three genotypes. Data

are presented as mean * SD.
Abbreviations: ER, estrogen receptor; HR, hormone receptor.
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Table 10 The association between the rs66916453 genotype and
the age of disease onset

rs66916453 Breast cancer, n=707

genotypes Age at diagnosis (years) P-value
T 49.40£9.95 0.609°
TG 50.05+9.97 0.889°
GG 49.23149.62

T 49.40£9.95 0.656°
TG + GG 49.77£9.85 0.656°
TT+TG 49.8249.96 0.494
GG 49.2319.62 0.494°
T 49.71£9.95 0.888°
G 49.6419.79 0.888°

Notes: *P for age difference; °P for trend test. The P-value is not provided for every
single genotype; it is an overall value for the difference among the three genotypes.
Data are presented as mean + SD.

development of breast cancer. However, disparities existed
between their study and ours. Okolicsanyi et al conducted
the genotyping by using the restriction fragment length poly-
morphism analysis instead of the MALDI-TOF applied in our
study. On the other hand, their study failed to evaluate the
association of various genotypes with the risk of developing
both breast cancer and different subtypes.

Our data implied that the subjects with the GG + GA geno-
type of rs3802278 had a higher risk of breast cancer, which had
never been published before. The SNP rs3802278 is located
within the 3’-UTR of the SULFI gene, which may be the
target gene of miR-206 according to the prediction by several
methods, such as TargetScan and miRanda. Meanwhile, it is of
note that we screened SNP loci that cover the extension of 2 kb
at both sides of the miR-206-binding sites in the target genes
(rs3802278 located ~350 bp upstream of the miR-206 target
sites in the SULF'] gene), which implies that SULF1 is likely
the target gene of miR-206 and may also be regulated by other
miRNAs. A portion of studies has revealed that SNPs in and
around the miRNA-binding sites within 3’-UTR of the target
mRNAs can affect miRNA-mediated regulatory function by
changes in both the sequence and the secondary structure of
mRNA induced by the SNPs, which may cause changes in the
binding affinity and interaction between the miR-206 and the
SULFI genes.’™° These changes may accordingly cause an
altered regulatory effect of miR-206 or other miRNAs on the
SULFI mRNA level, then the protein expression, and finally
the role of SULFI in breast cancer risk. However, this issue
merits further study, regarding whether and how miR-206 or
other miRNAs function with SULF1.

For rs3802278, our data have also shown a protective
effect of the AA genotype against the susceptibility to ER-
positive and HR-positive breast cancers, which indicates that

SULF1 may be involved in the regulation of ERa. signaling
pathway and has a potential role in the carcinogenesis of
the ER-positive or HR-positive breast cancer. Meanwhile,
miR-206 is reportedly associated with the ERo signaling
pathway. However, evidence is lacking as to the network
among miR-206, SULF1, and ERa.

Our findings also revealed that rs3802278 was associated
with the age of breast cancer onset. Han et al*® observed a
marginally significant association of rs3802278 with the age
of ovarian cancer onset and a significant trend for a decreas-
ing age with the A allele of rs3802278 in a dose-dependent
manner, which was more or less consistent with our data.
Unfortunately, there is little evidence for the potential
mechanism underlying this effect, which hints at a demand
for additional studies.

mTOR isadownstream protein of the phosphatidylinositol-
3-kinase signaling pathway. When mTOR combines with
the RICTOR, the mTOR-RICTOR complex (mTORC?2)
is formed. Several studies confirmed the importance of
mTORC?2 to the development of breast cancer;*' its
blockade in breast cancer cells would significantly promote
apoptosis and inhibit migration.*® However, our study
failed to identify the association between genotypes and
alleles of the SNP within RICTOR and breast cancer risk.
Considering the complexity of the regulation process,
the binding ability of certain miRNAs or their regulation
effects on the target gene may not change even with dif-
ferent variants or a relationship with breast carcinogenesis
may not exist.

The results of a randomized clinical trial (Breast Cancer
Prevention Trial P-1) for breast cancer prevention, which was
implemented by the National Surgical Adjuvant Breast and
Bowel Project (NSABP), indicated that tamoxifen reduced
the occurrence of ER-positive tumors by 69% when com-
pared with the placebo.*’ Similarly, a randomized, placebo-
controlled clinical trial, which was named the National
Cancer Institute of Canada Clinical Trials Group Mammary
Prevention.3 trial (NCIC CTG MAP.3), demonstrated that
exemestane can significantly reduce invasive breast cancers,
particularly for ER-positive or progesterone receptor-positive
breast cancers, in postmenopausal women with risk factors
for breast cancer.” Furthermore, similar results were also
achieved in the International Breast Cancer Intervention
Study-II (IBIS-II) for anastrozole.”® However, tamoxifen,
exemestane, and anastrozole failed to exert a significant
preventive effect on HR-negative breast cancer.”*” Women
who are susceptible to HR-negative breast cancers will not
only fail to benefit from preventive endocrine therapy but
also suffer from the side effect of these drugs. Our study may

OncoTargets and Therapy 2016:9

submit your manuscript

2755

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Zhou et al

Dove

provide new candidate biomarkers for the selection of women
with a high susceptibility of HR-positive breast cancer from
the normal population and the administration of specific
drugs as chemoprevention to reduce their breast cancer risks.
Furthermore, these findings might pave the way for precision
medicine, especially in precision prevention.

However, this study has some limitations. The number of
subjects is relatively limited. Therefore, the susceptibility of
breast cancer is not identical to that in the general population,
and additional studies are expected.

Conclusion

Our study first provided the evidence that the SNP rs3802278
located in the miRNA-binding site within the 3’-UTR of the
target gene SULFI exhibited a protective effect against the
susceptibility to breast cancer, especially to ER-positive
or HR-positive breast cancer, which suggests that a por-
tion of miRNAs may be involved in the carcinogenesis
of ER-positive or HR-positive breast cancer via its target
genes. The results of this study also provided promising
candidate biomarkers to predict the susceptibility of breast
cancer and guide the administration of targeted preventive
endocrine therapy.
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