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Background. Breast cancer is the most common malignancy in women. There is increasing evidence suggesting that ORAII,
components of store-operated calcium channel, play a pivotal role in breast cancer progression and metastasis. Methods. A total
of 384 female patients with breast cancer were included in this study. We selected five representative tagging ORAII SNPs from
HapMap database with minimum allele frequency (MAF) > 10%. Genotyping was performed using TagMan allelic discrimination
assay. Chi-square (x?) test was used to analyze statistical differences among control and patient groups in genotype and allelic
frequencies. Results. Two of the ORAII SNPs (rs12320939 and rs12313273) were associated with estrogen receptors positive in
breast cancer patients under the recessive model. When the Bonferroni correction was performed, the significance still existed.
In addition, rs12320939 also associated with the lymph nodal involvement. Conclusion. We showed that genetic polymorphisms
of ORAII associated strongly with lymph nodal involvement and estrogen receptors (ERs) positive breast cancer patients in a

Taiwanese population.

1. Background

Breast cancer is the most common female malignancy
with an increasing number of new cases around the world
[1, 2]. In the United States, the estimated new cases and
deaths for female breast cancer patients in 2012 are 226,870
and 39,510, respectively [3]. In recent years, increased
incidence rates of breast cancer have been observed in
eastern and southeastern Asian women [4]. Epidemiologic
studies indicate that patients having a first-degree family
history of breast cancer have two-fold increased risk for
developing breast cancer compare to the general population

[5]. Genetic factor is an important contributor to breast
cancer susceptibility. For example, some studies showing
genetic variants of BRCAI (rs799917) or Cyclooxygenase-2
(COX-2) (rs2745559) have been shown to associate with
breast cancer susceptibility [6, 7].

A recent combination of family-based and population-
based approaches imply that genes involved in DNA repair
(CHEK2, ATM, BRIP, and PALB2) are associated with
moderate risk in breast cancer subjects [8]. Studies from
genomewide association studies (GWASs) in breast cancer
reveal SNPs in five genes (TNRC9, FGFR2, MAP3K1, H19,
and LSPI) are associated with breast cancer susceptibility
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in European population [9]. Hunter et al. (2007) [10] and
Stacey et al. (2007) [11] independently replicate the FGFR2
and TNRCY risk alleles in African American population
and European descent, respectively. The risk allele locate
at the intron 2 of the FGFR2 gene (rs2981582) represents
5-10% of breast cancer patients with estrogen receptor
(ER)-positive tumor, whereas the SNP rs3803662 of TNRC9
gene seem to be correlated positively with bone metastases
and ER-positive breast cancer patients. Similarly, a GWAS
breast cancer predisposition with replication and refinement
studies involving more than 10,000 case-control identify two
more SNPs (rs4415084 and rs10941679) on 5p12 that confer
risk, preferentially for ER-positive tumors [12].

Store-operated Ca*' influx is the predominant mech-
anism of Ca?" entry in nonexcitable cells, such as mast
cells, liver cells, and T lymphocytes [13]. Calcium entry
through store-operated Ca’* channel has been shown to be
important in the regulation of inflammatory reactions in
mast cells [14, 15], B cells [16], and cancer cells [17-20]. The
cell- and animal-based studies suggested that inhibition of
ORAII resulted in stronger focal adhesions and consequently
impeded the migration of breast cancer tumor cells [21].
Increasing evidences indicated that about 20% of the cancer
candidate genes in breast and colorectal cancers may be
adhesion-related genes, suggesting that cell adhesion plays
a critical role in cancer progression [22]. Although a recent
study has identified the crucial role of ORAII in breast cancer
cell migration and metastasis [21], the association between
genetic variations of ORAII and the risk of breast cancer
is not known. Thus, the aim of this study is to investigate
whether genetic variations of ORAII are associated with the
histopathological tumor characteristics in Taiwanese breast
cancer patients.

2. Material and Methods

2.1. Sample Collection. 384 breast cancer patients were
recruited by Cancer Center of Kaohsiung Medical University
Hospital. The experimental design was approved by the
ethics committee of Kaohsiung Medical University Hospital,
and informed consent was obtained from each patient.
ER and PR status was analyzed by immunohistochemical
staining.

2.2. DNA Extraction. Genomic DNA was extracted from
whole blood samples in a standard protocol. Whole blood
samples from patients were centrifuged at 3000 rpm for
10min at 4°C. Buffy coat was isolated from the blood
samples, and red blood cells (RBCs) were lysed after addition
of RBC lysis buffer. DNA was subsequently isolated from
blood cells according to manufacturer’s procedure.

2.3. Genotyping for Five ORAII tSNPs. Genotyping was per-
formed using TagMan allelic discrimination assay (Applied
Biosystems, Foster city, CA, USA). In short, the poly-
merase chain reactions (PCRs) were performed in a 96-well
microtiter plate either with ABI7500 real-time PCR system
or ABI9700 Thermal Cycler. The thermal conditions were as
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FIGURE 1: A graphical overview of the genotyped polymorphisms
identified in relation to the exon/intron structure of ORAII gene.

follows: denaturing at 95°C for 10 min, followed by 45 cycles
of denaturing at 95°C for 15s, annealing at 60°C for 30s,
and finally extension at 60°C for 1 min. Fluorescence signals
from amplicons were further analyzed using the System SDS
software version 1.2.3.

2.4.  Statistical ~Analysis. Quantitative variables were
expressed as mean values with standard deviation (SD).
The difference of variable means (e.g., age) between control
and patient groups was analyzed by student’s -test. Chi-
square (y?) test was used to analyze statistical differences
among control and patient groups in genotype and allele
frequencies. A P value of <0.05 was considered statistically
significant. Bonfferoni correction was performed to correct
multiple testing. Statistical analysis was performed by SAS
9.1 for Windows (SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Selection of tSNPs in ORAII for Association Studies. We
recruited 384 female breast cancer patients ranging from 28
to 83 years, with a mean age of 51.6 years old. They were pre-
dominantly in their middle age, in agreement with the study
reported by Shin et al. [4] among Asian female breast cancer
patients. Five representative SNPs (rs12313273, rs6486795,
rs7135617, rs12320939, and rs712853) with minimum allele
frequency (MAF) of >10% were selected from the HapMap
Han Chinese database (http://www.hapmap.org/). Two of
these SNPs (rs12313273 and rs12320939) were located at
ORAII promoter region, rs7135617 and rs6486795 were
located at intronic region, and rs712853 was located at the
3"UTR region (Figure 1).

3.2. Association between Genetic Polymorphisms of ORAII and
Breast Cancer Parameters. Histopathological breast cancer
parameters, including tumor recurrence and lymph nodal
involvement, were assessed in this study. As shown in
Table 1, none of these SNPs were associated with the breast
cancer recurrence. When we further tested the association
between genotypes and lymph nodal involvement, one of
the promoter SNP rs12320939 showed a weak association
under recessive model (P = 0.03, Table 2). However, the
significance disappeared after the Bonferroni correction.

3.3. Association of ORAIl Polymorphisms with Estrogen
Receptor (ER) and Progesterone Receptor (PR). Hormone
receptors ER and PR are overexpressed in the majority
of breast cancer patients. In the clinical application, the
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TaBLE 1: Genotyping and allele frequency of ORAII gene in patients with breast cancer with or without recurrence.
Present (%) Absent (%) Present (%) Absent (%) Dominant  Recessive Allelic
Genotype (n =26) (n = 352) Allele (n=26) (n =352) P value P value P value
rs12320939 TT 2(8.7) 73 (21.1) T 20 (43.5) 321 (46.4) 0.4954 0.1524 0.7016
TG 16 (69.6) 175 (50.6) G 26 (56.5) 371 (53.6)
GG 5(21.7) 98 (28.3)
rs12313273 CcC 0(0.0) 22 (6.4) C 10 (20.0) 182 (26.4) 0.5367 0.1929 0.3206
CT 10 (40.0) 138 (40.0) T 40 (80.0) 508 (73.6)
TT 15 (60.0) 185 (53.6)
rs7135617 TT 1(4.5) 57 (16.9) T 15 (34.1) 291 (43.2) 0.5685 0.1267 0.2378
TG 13 (59.1) 177 (52.5) G 29 (65.9) 383 (56.8)
GG 8(36.4) 103 (30.6)
156486795 CcC 1(4.5) 40 (11.6) C 15(34.1) 248 (36.2) 0.7803 0.3055 0.7825
CT 13 (59.1) 168 (49.0) T 29 (65.9) 438 (63.8)
TT 8 (36.4) 135 (39.4)
rs712853 CcC 5(20.8) 31(8.9) C 21 (43.8) 220 (31.8) 0.2511 0.0577 0.0873
CT 11 (45.8) 158 (45.7) T 27 (56.2) 472 (68.2)
TT 8 (33.4) 157 (45.4)
TaBLE 2: Genotyping and allele frequency of ORAII gene in patients with breast cancer with or without nodal involvement.
Positive (%)  Negative (%) Positive (%)  Negative (%) Dominant  Recessive  Allelic
Genotype (n =130) (n = 248) Allele (n =130) (n = 248) P value P value P value
1$12320939 TT 18 (14.2) 57 (23.6) T 117 (46.1) 224 (46.3) 0.0688 0.0334*  0.9550
TG 81 (63.8) 110 (45.4) G 137 (53.9) 260 (53.7)
GG 28 (22.0) 75 (31.0)
rs12313273 CcC 7 (5.5) 15(6.2) C 71(27.7) 121 (25.0) 0.2551 0.7777 0.4196
CT 57 (44.5) 91 (37.6) T 185 (72.3) 363 (75.0)
TT 64 (50.0) 136 (56.2)
rs7135617 TT 17 (13.7) 41 (17.4) T 108 (43.5) 198 (42.1) 0.1997 0.3603 0.7143
TG 74 (59.7) 116 (49.4) G 140 (56.5) 272 (57.9)
GG 33 (26.6) 78 (33.2)
156486795 cC 12 (9.5) 29 (12.2) C 94 (37.0) 169 (26.2) 0.2843 04304  0.6869
CT 70 (55.1) 111 (46.6) T 160 (63.0) 307 (73.8)
TT 45 (35.4) 98 (41.2)
rs712853 CcC 11 (8.6) 25(10.3) C 81 (31.6) 160 (33.1) 0.8399 0.5918 0.6956
CT 59 (46.1) 110 (45.5) T 175 (68.4) 324 (66.9)
TT 58 (45.3) 107 (44.2)

“0.01 £ P value < 0.05 is labeled in bold. ** P value < 0.01 is labeled in bold.

status of ER and PR are two of the most important
prognostic factors [23]. Therefore, we further examined the
association between ORAII polymorphisms and the status
of ER or PR hormone receptors in breast cancer patients.
As shown in Table 3, a weak association between ORAII
(rs12320939; rs7135617) and PR status was found, but
the significance disappeared after Bonferroni correction. In
addition, rs12320939 and rs12313273 were associated with
the ER status under a recessive model (P = 0.009; P = 0.006)
(Table 4). After Bonferroni correction, the significance still
can be detected.

4. Discussion

Accumulated evidence indicates that Orail-mediated cal-
cium signaling plays important roles in cancer metastasis. We
previously show that calcium influx is critical for cell migra-
tion [21, 24]. Abrogation of Orail-mediated store-operated
calcium channel slows down the turnover of focal adhesion
and leads to inhibition of metastasis of breast cancer [21].
Orail can be activated either by STIM1 in a store-dependent
pathway, or by SPCA2 independent of the status of internal
calcium store by SPCA2 [25-27]. Interestingly, SPCA2 is
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TaBLE 3: Genotyping and allele frequency of ORAII gene in patients with breast cancer with different progesterone receptor (PR) status.

Positive (%)  Negative (%) Positive (%)  Negative (%)  Dominant  Recessive  Allelic
Genotype (n=219) (n = 156) Allele (n=219) (n =156) P value P value P value
1512320939 T 52 (24.1) 23 (15.3) T 210 (48.6) 129 (43.0) 0.6025 0.0416*  0.1343
TG 106 (49.1) 83 (55.3) G 222 (51.4) 171 (57.0)
GG 58 (26.8) 44 (29.4)
rs12313273 CC 16 (7.5) 6(3.9) C 119 (27.8) 73 (23.9) 0.4110 0.1572 0.2302
CT 87 (40.6) 61 (39.9) T 309 (72.2) 233 (76.1)
TT 111 (51.9) 86 (56.2)
1s7135617 TT 31 (14.8) 26 (17.7) T 166 (39.7) 136 (46.3) 0.0401* 0.4696  0.0819
TG 104 (49.8) 84 (57.1) G 252 (60.3) 158 (53.7)
GG 74 (35.4) 37 (25.2)
156486795 cC 27 (12.7) 14 (9.4) C 156 (36.6) 105 (35.2) 0.9220 03325  0.7025
CT 102 (47.9) 77 (51.7) T 270 (63.4) 193 (64.8)
TT 84 (39.4) 58 (38.9)
rs712853 CC 24 (11.2) 12 (7.8) C 149 (34.8) 91 (29.7) 0.1976 0.2843 0.1485
CT 101 (47.2) 67 (43.8) T 279 (65.2) 215 (70.3)
TT 89 (41.6) 74 (48.4)

*0.01 £ P value < 0.05 is labeled in bold.

TaBLE 4: Genotyping and allele frequency of ORAII gene in patients with breast cancer with different estrogen receptor (ER) status.

Positive (%)  Negative (%) Positive (%)  Negative (%) Dominant  Recessive Allelic
Genotype (n =239) (n=136) Allele (n = 239) (n=136) P value P value P value
1512320939 TT 58 (24.6) 17 (13.1) T 226 (47.9) 113 (43.5) 0.5870  0.0091**  0.2511
TG 110 (46.6) 79 (60.8) G 246 (52.1) 147 (56.5)
GG 68 (28.8) 34 (26.1)
rs12313273 CC 20 (8.5) 2 (1.5) C 134 (28.6) 58 (21.8) 0.2220 0.0063** 0.0430*
CT 94 (40.2) 54 (40.6) T 334 (71.4) 208 (78.2)
TT 120 (51.3) 77 (57.9)
157135617 TT 37 (16.2) 20 (15.6) T 186 (40.8) 116 (45.3) 0.0593 0.8816 0.2413
TG 112 (49.1) 76 (59.4) G 270 (59.2) 140 (54.7)
GG 79 (34.7) 32 (25.0)
156486795 cC 31(13.3) 10 (7.8) C 170 (36.5) 91 (35.3) 0.5586 0.1104 0.7455
CT 108 (46.4) 71 (55.0) T 296 (63.5) 167 (64.7)
TT 94 (40.3) 48 (37.2)
rs712853 CC 25 (10.7) 11 (8.2) C 156 (33.5) 84 (31.3) 0.7459 0.4344 0.5531
CT 106 (45.5) 62 (46.3) T 310 (66.5) 184 (68.7)
TT 102 (43.8) 61 (45.5)

“0.01 £ P value < 0.05 is labeled in bold. ** P value < 0.01 is labeled in bold.

overexpressed in the hormone estrogen receptor-positive,
luminal subgroup of breast cancer cells [27]. These findings
leave open an important issue if the genetic polymorphisms
of ORAII convey Ca?* signals to cell proliferative, leading to
the pathogenesis of breast cancer. In this study, we provide
evidence that ORAII SNP is associated with breast cancer-
related parameters in Taiwanese breast cancer patients.

A GWAS study by Stacey et al. [11] involving 1,600
patients and 11,563 controls identified some common
variants on chromosomes 2q35 and 16q12 which confer
susceptibility to ER-positive breast cancer. Selected SNPs
are subsequently genotyped in five replication of European
sample sets. They found that two SNPs, rs13387042 on

2q35; rs3803662 on 16q12 consistently associated with breast
cancer. Surprisingly, as many as 25% of European population
are homozygous for the risk allele A of rs13387042, which
put these individuals having an estimated 1.44 fold greater
risk than noncarriers. For allele T of rs3803662, about 7%
of the European population are homozygous, having a 1.64
fold greater risk of developing breast cancers. However, risk
from both alleles is confined only to ER-positive patients. The
following year, two more SNPs (rs4415084 and rs10941679)
on 5pl2 are identified which confer risk in ER-positive
tumors. Interestingly, the closest gene, MRPS30 (also known
as PDCD9, programmed cell death protein 9), encodes
a component of the small subunit of the mitochondrial
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ribosome and has previously been implicated playing an
important role in apoptosis [12, 28]. Association of breast
cancer and these two SNPs has been replicated recently in
a 886 cases versus 1089 controls from a African American
Women study, in particular the rs4415084 is significantly
associated with ER-positive tumors [28]. Most recently, repli-
cation of two index SNPs: rs3803662 at 16q12.2/TOX3 and
rs10941679 at 5p12 near MRPS30 involving 7,800 African
American women (including 316 women with incident
invasive breast cancer) have also been established [29].

Breast cancer is a complex disease which is influenced
by a variety of genetic factors and environmental factors
[1, 30]. Numbers of genes including BRCAI, COX-2, or
estrogen receptor [6, 7, 31] have been shown to play critical
roles in the development of breast cancer. COX-2, which
involves in inflammatory, is positively correlated with larger
tumor size and higher histological grades in breast cancer
samples [32]. Several lines of evidence have indicated that
calcium influx through store-operated calcium channel can
trigger inflammatory signaling events. In colon cancer or
lung cancer, calcium entry through store-operated calcium
channel triggers COX-2 gene activation and expression [18,
20]. Hence, further study is needed to investigate if there
is a link between ORAII gene expression and inflammation
status of breast cancer patients.

We recognize the potential limitations to our study. It
is possible that weak association between ORAII genetic
polymorphisms and the risk or tumor-related parameters of
breast cancer may be due to the modest sample size, which
lead to a small power in statistical analysis. However, sample
size may result from international geographic variation of
breast cancer incidence [1] and a limited population in
Taiwan. It has been demonstrated that Asia has three-fold
lower breast cancer incidence rate as compared to North
America or Western Europe [1]. Additionally, there were
192,000 estimated cases of breast cancer alone in the United
States during 2001 [1] as compared to a total of 22,758 cases
in Taiwan collected from 1998 to 2002 [4]. In this regard, our
sample size would be reasonably explained in this context.
However, we cannot rule out the possibility that there may be
other hidden ORAII SNPs which may associate with breast
cancer development. Using direct sequence for ORAII gene
in a subset of Han Taiwanese individuals may be helpful to
find novel genetic polymorphisms of ORAII that contribute
to the development of breast cancer.

Acknowledgment

This study was supported by an excellence for cancer
research center grant, Department of Health, Executive Yuan,
Taiwan, ROC (no. DOH101-TD-C-111-002) and a grant (no.
NSC100-2320-B-037-002). W.-Chiao Chang and P Yeong
Woon contributed equally to this paper.

References

[1] J. V. Lacey Jr., S. S. Devesa, and L. A. Brinton, “Recent trends
in breast cancer incidence and mortality,” Environmental and
Molecular Mutagenesis, vol. 39, no. 2-3, pp. 82—88, 2002.

(2]

(12]

(17]

H. Zhu and S. T. Yang, “Long-term continuous production
of monoclonal antibody by hybridoma cells immobilized in
a fibrous-bed bioreactor,” Cytotechnology, vol. 44, no. 1-2, pp.
1-14, 2004.

R. Siegel, D. Naishadham, and A. Jemal, “Cancer statistics,”
Cancer Journal for Clinicians, vol. 62, pp. 10-29, 2012.

H. R. Shin, C. Joubert, M. Boniol et al., “Recent trends
and patterns in breast cancer incidence among Eastern and
Southeastern Asian women,” Cancer Causes and Control, vol.
21, no. 11, pp. 1777-1785, 2010.

Collaborative Group on Hormonal Factors in Breast Cancer,
“Familial breast cancer: collaborative reanalysis of individual
data from 52 epidemiological studies including 58 209 women
with breast cancer and 101 986 women without the disease,”
The Lancet, vol. 358, no. 9291, pp. 1389-1399, 2001.

T. M. Brasky, M. R. Bonner, K. B. Moysich et al., “Genetic
variants in COX-2, non-steroidal anti-inflammatory drugs,
and breast cancer risk: the Western New York Exposures
and Breast Cancer (WEB) study,” Breast Cancer Research and
Treatment, vol. 126, no. 1, pp. 157-165, 2011.

M. S. Nicoloso, H. Sun, R. Spizzo et al., “Single-nucleotide
polymorphisms inside microRNA target sites influence tumor
susceptibility,” Cancer Research, vol. 70, no. 7, pp. 2789-2798,
2010.

D. Fanale, V. Amodeo, L. R. Corsini, S. Rizzo, V. Bazan, and A.
Russo, “Breast cancer genome-wide associationstudies: there is
strength in numbers,” Oncogene, vol. 31, pp. 2121-2128, 2012.
D. E Easton, K. A. Pooley, A. M. Dunning et al., “Genome-
wide association study identifies novel breast cancer suscepti-
bility loci,” Nature, vol. 447, no. 7148, pp. 1087-1093, 2007.
D. J. Hunter, P. Kraft, K. B. Jacobs et al., “A genome-
wide association study identifies alleles in FGFR2 associated
with risk of sporadic postmenopausal breast cancer,” Nature
Genetics, vol. 39, no. 7, pp. 870-874, 2007.

S. N. Stacey, A. Manolescu, P. Sulem et al., “Common variants
on chromosomes 2q35 and 16q12 confer susceptibility to
estrogen receptor-positive breast cancer,” Nature Genetics, vol.
39, no. 7, pp. 865-869, 2007.

S. N. Stacey, A. Manolescu, P. Sulem et al., “Common vari-
ants on chromosome 5p12 confer susceptibility to estrogen
receptor-positive breast cancer,” Nature Genetics, vol. 40, no.
6, pp. 703-706, 2008.

A. B. Parekh and J. W. Putney Jr., “Store-operated calcium
channels,” Physiological Reviews, vol. 85, no. 2, pp. 757-810,
2005.

W. C. Chang and A. B. Parekh, “Close functional coupling
between Ca?* release-activated Ca®* channels, arachidonic
acid release, and leukotriene C, secretion,” Journal of Biological
Chemistry, vol. 279, no. 29, pp. 29994-29999, 2004.

W. C. Chang, C. Nelson, and A. B. Parekh, “Ca?" influx
through CRAC channels activates cytosolic phospholipase A,,
leukotriene C, secretion, and expression of c-fos through
ERK-dependent and -independent pathways in mast cells,”
The FASEB Journal, vol. 20, no. 13, pp. 2381-2383, 2006.

M. Matsumoto, Y. Fujii, A. Baba, M. Hikida, T. Kurosaki, and
Y. Baba, “The calcium sensors STIM1 and STIM2 control B
cell regulatory function through interleukin-10 production,”
Immunity, vol. 34, no. 5, pp. 703-714, 2011.

Y. E Chen, W. T. Chiu, Y. T. Chen et al., “Calcium store sensor
stromal-interaction molecule 1-dependent signaling plays an
important role in cervical cancer growth, migration, and
angiogenesis,” Proceedings of the National Academy of Sciences
of the United States of America, vol. 108, pp. 15225-15230,
2011.



(18]

W. C. Huang, C. Y. Chai, W. C. Chen et al., “Histamine
regulates cyclooxygenase 2 gene activation through Orail-
mediated NFxB activation in lung cancer cells,” Cell Calcium,
vol. 50, no. 1, pp. 27-35, 2011.

S. Fedida-Metula, B. Feldman, V. Koshelev, U. Levin-Gromiko,
E. Voronov, and D. Fishman, “Lipid rafts couple store-
operated Ca®" entry to constitutive activation of PKB/Akt in
a Ca*"/calmodulin-, Src- and PP2A-mediated pathway and
promote melanoma tumor growth,” Carcinogenesis, vol. 33,
pp. 740-750, 2012.

J. Y. Wang, B. K. Chen, Y. S. Wang et al., “Involvement
of store-operated calcium signaling in EGF-mediated COX-2
gene activation in cancer cells,” Cell Signaling, vol. 24, pp. 162—
169, 2012.

S. Yang, J. J. Zhang, and X. Y. Huang, “Orail and STIM1 are
critical for breast tumor cell migration and metastasis,” Cancer
Cell, vol. 15, no. 2, pp. 124-134, 2009.

T. Sjoblom, S. Jones, L. D. Wood et al., “The consensus coding
sequences of human breast and colorectal cancers,” Science,
vol. 314, no. 5797, pp. 268-274, 2006.

S. Sommer and S. A. W. Fuqua, “Estrogen receptor and breast
cancer,” Seminars in Cancer Biology, vol. 11, no. 5, pp. 339-352,
2001.

S. Yang and X. Y. Huang, “Ca*" influx through L-type Ca**
channels controls the trailing tail contraction in growth
factor-induced fibroblast cell migration,” Journal of Biological
Chemistry, vol. 280, no. 29, pp. 27130-27137, 2005.

J. Liou, M. L. Kim, W. D. Heo et al., “STIM is a Ca?* sensor
essential for Ca’'-store- depletion-triggered Ca?* influx,”
Current Biology, vol. 15, no. 13, pp. 1235-1241, 2005.

J. Roos, P. J. DiGregorio, A. V. Yeromin et al., “STIM1, an
essential and conserved component of store-operated Ca®"
channel function,” Journal of Cell Biology, vol. 169, no. 3, pp.
435-445, 2005.

M. Feng, D. M. Grice, H. M. Faddy et al., “Store-independent
activation of orail by SPCA2 in mammary tumors,” Cell, vol.
143, no. 1, pp. 84-98, 2010.

E. A. Ruiz-Narvaez, L. Rosenberg, C. N. Rotimi et al., “Genetic
variants on chromosome 5pl2 are associated with risk of
breast cancer in African American women: the Black Women’s
Health Study,” Breast Cancer Research and Treatment, vol. 123,
no. 2, pp. 525-530, 2010.

C. M. Hutter, A. M. Young, H. M. Ochs-Balcom et al.,
“Replication of breast cancer GWAS susceptibility loci in the
Women’s Health Initiative African American SHARe Study,”
Cancer Epidemiology, Biomarkers & Prevention, vol. 20, pp.
1950-1959, 2011.

K. B. Michels, A. P. Mohllajee, E. Roset-Bahmanyar, G. P.
Beehler, and K. B. Moysich, “Diet and breast cancer: a review
of the prospective observational studies,” Cancer, vol. 109, no.
12, pp. 2712-2749, 2007.

S. L. Ding, J. C. Yu, S. T. Chen et al., “Diverse associations
between ESR1 polymorphism and breast cancer development
and progression,” Clinical Cancer Research, vol. 16, no. 13, pp.
3473-3484, 2010.

G. Singh-Ranger, M. Salhab, and K. Mokbel, “The role of
cyclooxygenase-2 in breast cancer: review, Breast Cancer
Research and Treatment, vol. 109, no. 2, pp. 189-198, 2008.

The Scientific World Journal



	Background
	Material and Methods
	Sample Collection
	DNA Extraction
	Genotyping for Five ORAI1 tSNPs
	Statistical Analysis

	Results
	Selection of tSNPs in ORAI1 for Association Studies
	Association between Genetic Polymorphisms of ORAI1 and Breast Cancer Parameters
	Association of ORAI1 Polymorphisms with Estrogen Receptor (ER) and Progesterone Receptor (PR)

	Discussion
	Acknowledgment
	References

