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Notchl single nucleotide polymorphism rs3124591 is
associated with the risk of development of invasive
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Abstract: Accumulated evidence has revealed the presence of Notch receptor polymorphisms in non-tumorous
diseases; however, few studies have investigated the association of Notch polymorphisms with breast cancer risk. A
total of 100 invasive ductal carcinoma (IDC) and 50 ductal carcinoma in situ (DCIS) patients and 100 usual ductal
hyperplasia (UDH) controls were genotyped for the following Notch receptor single nucleotide polymorphisms (SNPs)
using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry: Notchl, rs3124591; Notch2,
rs11249433; Notch3, rs3815188, and rs1043994; and Notch4, rs367398, and rs520692. Immunohistochemis-
try was used to determine the effect of Notch polymorphisms on corresponding Notch protein expression in success-
fully genotyped patients. The frequency of rs3124591 TC genotype was significantly higher in IDC (24.7%, 20/81)
and DCIS (30%, 12/40) patients than in UDH controls (8%, 8/97) (P = 0.002 and P = 0.011, respectively). However,
the distribution of other SNP genotypes was not significantly different between IDC and DCIS patients and UDH con-
trols. The frequency of TC genotype was significantly higher in poorly differentiated tumors than in well-differentiated
and moderately differentiated tumors (P = 0.022). Importantly, a positive correlation between the rs3124591 TC
genotype and high Notch1 protein expression was observed in DCIS patients (P = 0.043) but not in IDC patients.
This is the first study to suggest an increased risk of IDC and DCIS of the breast for the Notch1 rs3124591 variant.
Furthermore, given the inconsistent associations between the rs3124591 variant and Notchl expression in IDC
and DCIS, this variant may affect breast cancer risk through mechanisms in the latter stage other than alterations
in Notch1 protein expression.
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should be exerted toward cancer preventive
measures.

Introduction

Breast carcinoma is a major cause of cancer-

specific mortality worldwide and efforts aimed
at the prevention and early detection of this dis-
ease remain important. Breast cancer remains
the most common cancer in women in China
with age-standardized rates by world popula-
tion of 21.6 per 100,000 [1]. Over the past few
decades, new techniques and methods for
breast cancer diagnosis and treatment have
been developed, leading to increased survival
rates in breast cancer patients. However, many
breast cancers still cannot be detected at an
early stage, further indicating that more efforts

The Notch gene family encodes a group of evo-
lutionally conserved transmembrane receptors
(Notch1-4), which are expressed on the cell sur-
face as heterodimers. Notch is thought to play a
crucial role in a number of normal cellular pro-
cesses such as epithelial cell polarity/adhe-
sion, proliferation, and apoptosis. Notch signal-
ing is activated by the binding of Notch ligand to
epidermal growth factor-like repeats on an
adjacent Notch receptor [2, 3]. Increasing evi-
dence supports a role for aberrant Notch signal-
ing in breast cancer. Notch receptors have been
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Table 1. Genotype and allele frequencies of Notch polymorphisms in patients with IDC and DCIS and

in controls

) No. of IDC/DCIS/ IDC vs. UDH DCIS vs. UDH
Notch polymorphisms  Genotypes
UDH P OR (95% Cl) P OR (95% Cl)
Notch1 (rs3124591) cC 0/0/0 _ _ _ _
TC 20/12/8 0.002 3.708(1.534,8.966) 0.011 3.482(1.283,9.449)
T 61/28/89 1 1
CC+TC 11/12/8 0.002 3.708(1.534,8.966) 0.011 3.482 (1.283,9.449)
Allele C 20/12/8 0.566 0.798(0.369, 1.727) 0.002 4.103 (1.608, 10.469)
T 142/68/186 1 1
Notch2 (rs11249433) cc 0/0/0 _ _ _ _
TC 9/5/8 0.817 1.125(1.414,3.054) 0.933 1.265 (0.390, 4.104)
T 85/42/85 1 1
CcC+TC 9/5/8 0.817 1.125(1.414,3.054) 0.933 1.265 (0.390, 4.104)
Allele C 9/5/8 0.821 1.119(0.422,2.965) 0.935 1.250 (0.397, 3.932)
T 179/89/178 1 1
Notch3 (rs3815188) AA 15/6/14 0.803 0.879(0.382,2.104) 0.524 0.701 (0.235, 2.093)
GA 33/17/42 0.196 0.658(0.348,1.242) 0.296 0.662 (0.306, 1.436)
GG 43/22/36 1 1
AA + GA 48/23/56 0.267 0.718(0.399, 1.291) 0.278 0.672 (0.327, 1.379)
Allele A 63/29/70 0.495 0.862(0.563,1.321) 0.315 0.762 (0.447, 1.297)
G 119/61/14 1 1
Notch3 (rs1043994) AA 3/1/1 0.582 3.227(0.328,31.80) 0.532 2.219 (0.135, 36.60)
GA 20/12/18 0.627 1.195(0.582,2.455) 0.36 1.479(0.638, 3.431)
GG 66/32/71 1 1
AA + GA 23/13/19 0.455 1.302(0.651,2.606) 0.316 1.518(0.669, 3.446)
Allele A 26/14/20 0.323 1.368(0.733,2.553) 0.299 1.474 (0.706, 3.075)
G 152/76/160 1 1
Notch4 (rs367398) AA 6/6/5 0.847 1.131(0.324,3.944) 0.318 2.352(0.653, 8.467)
GA 38/17/36 0.986 0.995(0.546,1.812) 0.84 0.926 (0.437, 1.962)
GG 52/25/49 1 1
AA + GA 44/23/41 0.97 1.011(0.568,1.801) 0.791 1.100 (0.545, 2.219)
Allele A 50/29/47 0.962 1.011(0.637,1.606) 0.32 1.322(0.762, 2.294)
G 142/63/135 1 1
Notch4 (rs520692) GG 0/0/2 0.234 1.030(0.989, 1.074) 0.543 1.030 (0.989, 1.074)
AG 21/11/25 0.444 0.770(0.394,1.504) 0.606 0.807 (0.356, 1.826)
AA 72/36/66 1 1
GG + AG 21/11/27 0.315 0.713(0.368,1.381) 0.479 0.747 (0.332, 1.679)
Allele G 21/11/29 0.224 0.689(0.377,1.259) 0.38  0.717 (0.341, 1.509)
A 165/83/157 1 1

reported to have opposing functions in normal
and cancerous breast tissues. High Notchl
expression has been shown to promote tumor
formation in normal breast tissues, whereas
Notch2 has been found to play a tumor sup-
pressive role in human breast cancer [4].
Recent reports have demonstrated that overex-
pression of Notch3IC (containing the constitu-
tively active intracellular domain of Notch3) in
transgenic mice leads to developmental disor-
ders of the mammary gland [5]. Notch3 was
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also found to be required for the proliferation of
human epidermal growth factor receptor-2
(HER-2)-negative breast cancer cell lines [5, 6].
Moreover, aberrant activation of Notchl and
Notch4 in mammary epithelium caused luminal
cell hyperplasia and tumorgenesis by decreas-
ing apoptosis and increasing mitotic rate [7]. An
association of Notchl and Notch4 with poor
prognostic factors in triple-negative breast can-
cer cases has also been suggested [7].
Although Notch signaling is known to regulate
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Figure 1. Significantly higher expression of Notch1 protein in IDC was observed than that in DCIS. A. Expression of
Notchl protein in IDC (original magnification, 200 x). B. Expression of Notch1 protein in DCIS (original magnifica-
tion, 200 x).

Table 2. Correlations between rs3124591
genotype and Notchl expression in IDC and
DCIS

IDC
. Genotype P
Notch1 expression
TT (n) TC (n)
High 42 17 0.159
Low 19 3
DCIS
. Genotype P
Notchl expression
TT (n) TC (n)
High 9 8 0.043
Low 19 4

multiple cellular processes that affect cancer
development, only a few mechanisms have
been identified that are capable of explaining
the pleiotropic responses to aberrant Notch
activation. Thus, the underlying mechanisms by
which Notch proteins contribute to the cancer
phenotype remain largely elusive.

To date, many authors have investigated the
role of Notch gene polymorphisms in disease
pathogenesis [8, 9]. Previous reports have
demonstrated the presence of Notch polymor-
phisms in non-tumorous diseases, such as
Notchl rs3124591 in bicuspid aortic valve
[10], Notch3 rs3815188 and rs1043994 in
cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy
(CADASIL) [11], and Notch4 rs367398 and
rs520692 in schizophrenia [12]. Recent single
nucleotide polymorphism (SNP) and mutation
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association studies have revealed the function-
al significance of Notch genetic alterations and
their association with breast cancer risk [13,
14]. Novel non-synonymous somatic Notchl
mutations have been observed in breast can-
cers, implicating the role of Notchl mutations
in breast tumorgenesis [15]. Additionally, sev-
eral lines of evidence have identified an asso-
ciation between the Notch2 rs11249433
genetic variant and breast cancer risk [13, 14,
16]. Nevertheless, few studies have addressed
the association of polymorphisms in other
Notch loci with breast cancer susceptibility.
Hence, the present study was designed to eval-
uate the association of Notch SNPs with breast
cancer susceptibility with the aim of identifying
patients likely to benefit from early prophylaxis
and treatment.

Materials and methods
Study population and DNA extraction

The study was approved by the Human Ethics
Committee of Shihezi University. We consecu-
tively enrolled 100 invasive ductal carcinoma
(IDC; aged 33-80 years), 50 ductal carcinoma
in situ (DCIS; aged 35-50 years), and 100 usual
ductal hyperplasia (UDH; aged 20-65 years)
female patients who were admitted to the
Department of Pathology, Shihezi University
School of Medicine. A term of free informed
consent was signed by all sample donors prior
to sample collection. Patients diagnosed with
IDC did not receive radiotherapy or chemother-
apy before surgery. Clinical and pathological

Int J Clin Exp Pathol 2014;7(7):4286-4294



Notchl polymorphism and invasive ductal carcinoma

Table 3. Association of rs3124591 genotype and Notchl protein
expression with clinicopathologic features in patients with IDC

reaction (PCR) were de-
signed using Sequenom

MassARRAY Assay Design

Clinicopathological Notchl genotype Notch1 expression ’
parameters TM  TC(n) High (n)  Low (n) 3.0 (Sequenom, San Diego,
. . CA, USA).
Age at diagnosis
< 51 years 30 14 0.105 29 15 0.126 PCR base-specific cleav-
> 51 years 31 6 30 7 age and matrix-assisted
Lymph node status laser desorption/ioniza-
Positive 31 11 0.745 35 7 0.028 tion time-of-flight mass
Negative 30 9 24 15 spectrometry (MALDI-TOF
Tumor differentiation MS)
Well & moderate 53 12 0.022 47 18 1.000
Poor 8 8 12 4 The PCR reactions were
ER status c_arried outinab _uIT reac-
ER (/+) 28 13 0138 28 13 0.352 :fl\r/l‘ ’f’/lygsé‘la;‘;;”tl\j'ngx 2n5
ER (2+/34) 33 ! 81 ° bonucleotiéles ((LJJINTPS), é.l
PeR status pmol/uL of each primer,
PgR (-/+) 33 13 0.393 35 11 0.451 0.5 U Hot Star Taq DNA
PgR (2+/3+) 28 7 24 11 polymerase (Qiagen, Chats-
HER-2 status worth, CA, USA), and buffer
HER-2 (-/+) 23 11 0.174 27 7 0.258 supplied with the enzyme
HER-2 (2+/3+) 38 9 32 15 (final concentration 1 x).

information was obtained from medical records
and pathology reports. The final diagnosis was
confirmed by two pathologists according to the
clinical and histological criteria of the Pathology
and Genetics Tumours of the Breast and
Female Genital Organs (National Comprehen-
sive Cancer Network, 2003). Estrogen receptor
(ER), progesterone receptor (PR), and HER2
status were abstracted from the medical
records of patients. All surgical specimens
were embedded in paraffin, sectioned into
5-um-thick slices, and subjected to convention-
al hematoxylin and eosin staining.

Genomic DNA was isolated from paraffin-
embedded tissues using the phenol-chloroform
method [17], dissolved in sterile double-dis-
tilled water, and stored at -80°C for 12-24 h to
preserve DNA integrity.

SNP site selection and primer design

In the present study, six Notch SNPs (rs31-
24591, rs11249433, rs3815188, rs1043994,
rs367398, and rs520692) were selected from
the National Center for Biotechnology Infor-
mation SNP database. Association studies for
these polymorphisms have been reported pre-
viously [10-13]. Primers for polymerase chain
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The reaction mix was pre-

activated for 4 min at
94°C. The reactions were carried out for 45
cycles of 94°C for 20 s, 56°C for 30 s, and
72°C for 1 min, followed by elongation at 72°C
for 3 min. dNTPs for amplification were dephos-
phorylated by adding 1.53 pL H,0, 0.17 pL
shrimp alkaline phosphatase (SAP) buffer (10
x), and 0.51 U (0.3 yL) SAP. The reaction was
incubated at 37°C for 40 min, 85°C for 5 min,
and 12°C for 30 min. The single base extension
reaction was performed in a 9 uL reaction vol-
ume containing 0.619 uL H,O0, 0.2 pL iPLEX
Buffer Plus (10 x), 0.2 uL iPLEX Termination
mix, 0.94 uL iPLEX Extend Primer mix, 0.041 uL
iPLEX enzyme (iPLEX, Sequenom), 5 pyL PCR
reaction product, and 2 yL SAP treatment prod-
uct. The extension cycling conditions were as
follows: 94°C for 30 s, followed by 94°C for 5 s,
52°C for 5 s, 80°C for 1 min, and 72°C for 3
min. The cleavage products were desalted with
6 mg of cationic resin mixture (Sequenom),
sealed, and incubated for 10 min. Desalted
cleavage products were assessed by spotting
onto a 384-element matrix arrayed silicon
SpectroCHIP (Sequenom). Mass spectra were
collected using a MassARRAY™ system mass
spectrometer (Sequenom), and TYPER4.0 was
used to analyze the data.
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Immunohistochemistry

To study the expression of Notchl protein, we
used FFPE tissue samples collected from suc-
cessfully genotyped patients with IDC and
DCIS. Several serial sections from different
regions of the tumors were stained using rabbit
anti-human Notchl antibody (SIGMA#N4788)
for determining protein expression. Staining
and evaluation was performed as described
earlier [18, 19]. For comparison, all sections
were processed in parallel.

Statistical analysis

Each SNP was tested for deviation from the
Hardy-Weinberg equilibrium (HWE) using chi-
squared (x?) or Fisher’s exact tests depending
on allele and genotype frequency (Online
Encyclopedia for Genetic Epidemiology studies,
USA: http://www.oege.org/software/hwe-mr-
calc.shtml). The associations of each genotype
or combinations of genotypes with clinicopath-
ological features of IDC patients were com-
pared using the x? test for categorical variables.
The association between rs3124591 geno-
types and Notchl expression was also ana-
lyzed using the x? test. All association analyses
were performed using the Statistical Package
for the Social Sciences version 17.0 (SPSS,
Chicago, IL, USA). All P-values were two-sided,
and P-values < 0.05 were considered statisti-
cally significant.

Results
SNP detection

SNP alleles were determined using a MALDI-
TOF MS-based approach followed by statistical
analysis. MALDI-TOF MS has been a powerful
and reliable tool for the determination of a lim-
ited number of genetic variants in tissue sam-
ple sets. The Notch gene polymorphisms were
prudently detected in the study population. The
rate of successful genotyping for the Notch
gene polymorphisms in IDC, DCIS, and UDH
patients ranged from 80% to 97%. Genotype
distribution and allele frequencies for the six
successfully genotyped Notch SNPs in all IDC,
DCIS, and control specimens are shown in
Table 1. The genotype distribution of all poly-
morphisms followed HWE in the UDH controls
(all P> 0.05).
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Genotype and allele frequencies of Notch gene
polymorphisms

As shown in Table 1, the distribution of the
rs3124591 TC genotype was significantly dif-
ferent between IDC and DCIS patients and UDH
controls. Using the TT genotype as a reference,
the TC genotype was significantly associated
with an increased risk of IDC and DCIS (P =
0.002, odds ratio [OR] = 3.708; P = 0.011, OR
= 3.482). Interestingly, the mutant homozygous
genotype CC was absent in our study popula-
tion. In addition, the C allele of rs3124591 was
significantly associated with high risk of DCIS (P
= 0.002, OR = 4.104) but not IDC (P = 0.566,
OR = 0.798). However, significant associations
of other SNP genotypes and alleles with IDC or
DCIS risk were not observed. The genotype and
allele frequencies of rs11249433, rs3815188,
rs1043994, rs367398, and rs520692 were
similar between IDC and DCIS patients and
UDH controls (P > 0.05).

Association between the rs3124591 polymor-
phism and Notch1 protein expression in IDC
and DCIS patients

To examine the correlation between the rs31-
24591 polymorphism and Notchl protein
expression in IDC and DCIS patients, immuno-
histochemistry was performed on formalin-
fixed, paraffin-embedded tissue sections from
81 IDC patients and 40 DCIS patients. We
found that Notchl protein expression was sig-
nificantly higher in IDC patients compared with
DCIS patients (72.8% [69/81] vs. 42.5%
[47/40]; P < 0.001; Figure 1). Expectedly, as
shown in Table 2, Notchl protein expression
was significantly higher in DCIS patients with
the TC genotype (P = 0.043). Although Notchl
protein expression was higher in IDC patients
with the TC genotype, this association did not
reach significance (P = 0.159).

Associations of the rs3124591 TC genotype
and Notch1 protein expression with clinico-
pathological features of IDC

In light of the significant association of the
rs3124591 TC genotype with IDC development,
we determined the association of this genotype
with clinicopathological features of IDC. The
details of this analysis are shown in Table 3. We
found that the frequency of the TC genotype
was significantly higher in poorly differentiated
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tumors than in well-differentiated and moder-
ately differentiated tumors. However, the distri-
bution of this SNP genotype was not affected
by age, lymph node metastasis, or ER, PR, or
HER-2 status. Additionally, the expression of
Notchl protein was found to be significantly
higher in IDC patients with lymph node metas-
tasis than in those without lymph node metas-
tasis. In contrast, significant associations of
Notch1 protein expression with age, tumor dif-
ferentiation, or ER, PR, or HER-2 status were
not observed.

Discussion

Identification of shared genetic determinants
for early prophylaxis and treatment of breast
cancer is the emerging premise underlying the
results of accumulative association studies. In
the present study, we evaluated for the first
time the associations of the more-widely stud-
ied Notch SNPs (Notchi, rs3124591; Notch2,
rs11249433; Notch3,rs1043994,rs3815188;
Notch4, rs520692 and rs367398) with breast
cancer risk to better characterize associations
across the Notch gene in a Chinese population.
We found that the rs3124591 variant was
associated with an increased risk of IDC and
DCIS and poorly differentiated IDC. Moreover,
we found that the mutant heterozygote TC gen-
otype of rs3124591 was positively associated
with high Notchl protein expression in DCIS
but not in IDC, suggesting a possible mecha-
nism for this variant in the early stage of
Notchl-associated IDC. However, further stud-
ies with larger sample sizes are needed to con-
firm the role and mechanism of the Notch1 SNP
rs3124591 in IDC development.

In recent years, significant research efforts
have focused on identifying genetic variants of
the Notch gene that are associated with breast
cancer [13, 16, 20, 21]. Several lines of evi-
dence have demonstrated the presence of
Notch gene polymorphisms in various non-
tumorous diseases. For instance, the Notch3
rs3815188 polymorphism has been observed
in patients with CADASIL in two reports [11,
22], and the Notch4 rs367398 and rs520692
polymorphisms are frequently found in patients
with psychopathic disorders [12, 23]. However,
few studies have reported the association
between Notch gene polymorphisms and
breast cancer risk with the exception of the
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Notch2 SNP rs11249433. In this study, we
examined the common variants in Notch genes
in UDH, DCIS, and IDC patients, including the
Notchl SNP rs3124591 (exon 34 of 9q34),
Notch2 SNP rs11249433 (pericentromeric
region of 1p11.2), Notch3 SNPs rs3815188
and rs1043994 (exon 3 and 4 of 19p13.1,
respectively), and Notch4 SNPs rs520692 and
rs367398 (exon 5 and promoter region of
6p21.3, respectively). To the best of our knowl-
edge, this is the first study to investigate the
presence of the rs3124591 genotype in IDC
and DCIS patients in a Chinese population.
Although our study group was small, we showed
that the frequency of the rs3124591 TC geno-
type was significantly higher in IDC and DCIS
patients than in UDH controls. This finding sug-
gests that the rs3124591 TC genotype is asso-
ciated with an increased risk of IDC, which is
supported by the association of this variant
genotype with poorly differentiated IDCs.

We also evaluated the association of Notch2
(rs11249433), Notch3 (rs3815188 and rs10-
43994) and Notch4 (rs367398 and rs520692)
polymorphisms with the risk of IDC develop-
ment. The distribution of rs11249433 alleles
and genotypes was not different between
Chinese IDC and DCIS patients and UDH con-
trols, which is consistent with previous studies
showing a negative association between the
SNP rs11249433 and breast cancer in the
Asian population [14]. Other studies have also
shown that the rs11249433 polymorphism is
not associated with breast cancer risk [24-25].
Fu et al. [24] demonstrated that the
rs11249433 polymorphism was not associat-
ed with overall breast cancer risk but rather
with an increased risk of ER-positive breast
tumors without TP53 mutations. This increased
risk was associated with elevated Notch2
expression. Jiang et al. [25] also found no obvi-
ous association between rs11249433 poly-
morphism and breast cancer risk in Chinese
women. Additionally, a meta-analysis of Notch
polymorphisms and breast cancer risk revealed
an increased risk of breast cancer exclusively
for ER-positive tumors in Caucasians but not
Asians with the rs11249433 polymorphism on
1pl11 [14]. These studies suggest that the
association of the rs11249433 polymorphism
with IDC risk is influenced by ethnicity and
breast cancer subgroups. In the present study,
we failed to show any significant correlation of
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the rs11249433 polymorphism with the risk of
ER-positive breast cancer. However, we were
likely unable to obtain an accurate estimate of
this association because of the small sample
size in our study. We found that the allele and
genotype frequencies of the Notch3 polymor-
phisms rs3815188 and rs1043994 and the
Notch4 polymorphisms rs367398 and rs52-
0692 in IDC and DCIS patients were similar to
those in UDH controls, suggesting that these
SNPs were not associated with breast cancer
risk. To our knowledge, this study is the first to
analyze the association of Notch3 and Notch4
SNPs with breast cancer risk. Our findings
require further validation in well-designed stud-
ies with larger sample sizes.

In consideration of the significant association
of the rs3124591 polymorphism with IDC risk,
we hypothesized that this SNP variant may
influence IDC development through the regula-
tion of Notchl protein expression. Accumulative
evidences have revealed that Notchl is mutat-
ed in a high proportion of mouse mammary
tumor virus-induced tumors, these mutations
lead to a high expression of truncated Notchl
proteins and poor survival [26, 27]. Therefore,
we examined the association between the
rs3124591 polymorphism and Notchl protein
expression in 81 IDC and 40 DCIS patients and
found that the expression of Notchl protein
was significantly higher in IDC patients than in
DCIS patients. Moreover, a higher expression of
Notchl1 protein was observed in IDC patients
with lymph node metastasis than in those with-
out lymph node metastasis, which is in accor-
dance with a previous study [21]. Importantly,
high frequency of the TC genotype in DCIS
patients was associated with a concomitant
increase in Notchl protein expression, which
was not found in IDC patients. This suggests
that the impact of the rs3124591 variant on
Notchl protein expression may mainly occur
early in IDC development. Given the inconsis-
tent associations between the rs3124591 vari-
ant and Notchl expression in IDC and DCIS,
this variant may affect IDC risk through mecha-
nisms in the latter stage other than alterations
in Notchl protein expression. A previous report
has indicated that hypomethylation of the
Notchl oncogene may affect Notchl expres-
sion in IDC patients [18]. The exact mechanism
accounting for the influence of the rs3124591
variant on IDC risk remains to be determined.
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In conclusion, our study demonstrates for the
first time the association of the Notchl SNP
rs3124591 with IDC and DCIS risk. In addition,
a link between the rs3124591 variant and
unregulated Notchl protein expression was
indicated in DCIS patients but not in IDC
patients, suggesting the involvement of this
variant in the early stage of Notchl-associated
IDC development.
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