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Abstract: Methylation alterations of Jagged1 and Notch1 genes have been reported in non-tumor lesions and a 
few cancers. However, methylation profiles of Jagged1 promoter and Notch1 exon25 in breast cancer and matched 
normal tissue and the association of methylation with clinicopathological characteristics still remain unclear. To 
explore the potential effects of aberrant DNA methylation of Jagged1 and Notch1 on occurrence and progression 
of breast cancer, we detected the quantitative DNA methylation of Jagged1 and Notch1 in 73 breast cancer (BC) 
and 20 adjacent normal breast tissues (ANBT) by using MassARRAY spectrometry. The methylation level of overall 
and majority individual CpG sites of the two genes were synergistically significantly lower in BC than in ANBT. The 
overall hypomethylation of the two genes, particularly of Jagged1 CpG_8.9.10 and Notch1 CpG_14.15.16 in pri-
mary tumors, were markedly associated with lymph node metastasis, advanced stage and high grade. The protein 
expressions of the both genes were examined by immunohistochemical staining in same cohorts. The expression 
was significantly inverse correlation with methylation. The two proteins in primary tumor were synergistically up-
regulated and dramatically related to lymph node metastasis, advanced stage and high grade. Our findings suggest 
that the synergetic hypomethylation of Jagged1 and Notch1 genes, especially of Jagged1 CpG_8.9.10 and Notch1 
CpG_14.15.16, may involve tumorigenesis and development of breast cancer. The negative relationship between 
methylation and expression indicates methylation role for expression regulation. The synergetic overexpression of 
the two proteins further indicates the effects on occurrence and progression of breast cancer. 
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Introduction

Breast cancer is one of the most common 
malignancies among women [1]. To date, the 
mechanisms of occurrence and prognosis of 
breast cancer is not fully elucidated. The Notch 
signaling plays crucial role during the develop-
ment of adenocarcinoma of murine mammary 
glands [2]. Human Notch pathway family con-
sists of five ligands (Jagged1/2, Delta-like 
ligand 1/3/4) and four Notch receptors (Notch1, 
2, 3 and 4). The activation of the Notch signal-
ing requires a cell to cell contact that involves 
the physical interaction between the trans-
membrane Notch receptor and its ligand [3, 4]. 

In our previous study, we have observed the 
high expression of Notch1 protein is associated 
with tumorigenesis, metastasis and poor prog-
nosis of patients with breast cancer [5, 6]. It 
has been reported that increased expression of 
Jagged1 correlates with frequent recurrence 
and severe malignancy of breast cancer [7, 8], 
and the synergistic elevation of Jagged1 and 
Notch1 expression affects the overall survival 
of breast cancer patients [9].

Jagged1 and Notch1 gene expressions are gov-
erned by complex genetic and epigenetic altera-
tions. Epigenetic processes such as DNA meth-
ylation may control the meticulous spatial and 
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temporal expression of the Notch1 or Jagged1 
gene [10-12]. A few studies have showed the 
Jagged1 promoter hypermethylation occurring 
in acute lymphoblastic leukemia [13] and neu-
ral cell differentiation in mouse [14]. However, 
Jagged1 methylation status in breast cancer is 
still not reported so far. For Notch1 expression 
regulation, researchers have showed that 
Notch1 methylation on promoter region regu-
lates its expression in muscle cells and its dis-
eases [15-17], asthma [18], systemic lupus ery-
thematosus [19], hepatic stellate cells [20], 
mantle cell lymphoma [21], and oral squamous 
cell carcinomas [22]. DNA methylation can 
occur on promoter or non-promoter (exon) 
region [23, 24]. Our previous study [25] has 
shown that Notch1 methylation on exon25 is 
obviously decreased in invasive carcinoma 
compared with those in ductal carcinoma in 
situ, atypical ductal hyperplasia and usual duc-
tal hyperplasia, and hypomethylation corre-
sponds with overexpression. Nevertheless, 
methylation alteration of Notch1 exon25 in car-
cinoma and matched normal tissues and the 
role of aberrant methylation in progression of 
breast cancer still remain unclear. 

To investigate whether aberrant methylation of 
Jagged1 and Notch1 genes affect on occur-
rence and progression of breast cancer, we 
detected the methylation profiles of Jagged1 
promoter and Notch1 exon25 in matched pairs 
of breast carcinoma and adjacent non-cancer 
tissue by using quantitative DNA methylation 
analysis (MassARRAY spectrometry), and fol-
lowed the evaluating for the association of 
methylation status with clinicopathological 
characteristics as well as the association of 
methylation alteration with expression level.

Materials and methods

Patients and tissues

A total of 73 consecutive breast cancer (BC) 
patients with complete clinicopathological data 

were collected from the First Affiliated Hospital 
of Shihezi University School of Medicine from 
January 2008 to June 2009. Of these, 20 
patients had adjacent normal breast tissue 
(ANBT). None of the patients received therapy 
before sample collection. Patients underwent 
modified radical mastectomy and the acquired 
breast tissues were fixed in 10% neutral forma-
lin and embedded in paraffin. Clinical and path-
ological information (Table S1) were available 
and reviewed. The clinical stage was based on 
TNM staging system (American Joint Committee 
on Cancer classification) [26]. The histological 
type and grade was according to WHO classifi-
cation [27]. The staining results o estrogen 
receptor (ER), progesterone receptor (PR), and 
human epidermal growth factor receptor 2 
(HER2) were independently evaluated by two 
experienced pathologists without prior knowl-
edge of clinical information. ER and PR expres-
sion were considered as positive when there 
was ≥1 % of nuclear staining [28]. Membranous 
immunostaining for HER2 was scored on a 
scale of 0 to 3+. Tumors with immunohisto-
chemical scores of 3+ or with a ≥2.2-fold 
increase in HER2 gene amplification as deter-
mined by FISH (fluorescence in situ hybridiza-
tion) were considered to be positive for HER2. 
The matched normal breast tissues were col-
lected at least 4 cm away from the tumor site. 
The study was approved by the Ethics 
Committee of the above-mentioned hospital 
and all patients signed informed consent forms. 

MALDI-TOF-MS based DNA methylation analy-
sis 

High-throughput methylation detection was 
performed on the MassARRAY system 
(SEQUENOM, Inc. San Diego, CA) applying the 
Mass CLEAVETM (SEQUENOM, Inc. San Diego, 
CA) biochemistry and MALDI-TOF mass spec-
trometry (Bruker SEQUENOM) [29, 30].

Table 1. Primer sequence, length, and PCR conditions for methylation analysis

Gene Primer* Sequence (5’→3’) Length Ta# 
(°C)

Amplified 
Length (bp)

Jagged1 tag-FW aggaagagagAAAATTTTTTTGGAGTTAGGTTTGT 10+25 56 314
T7-RV cagtaatacgactcactatagggagaaggctAACCCATCTCTTACCACCCAA 31+21

Notch1 tag-FW aggaagagagTTTTTTTAGGGGTTATTGAAGTTGA 10+25 56 282
 T7-RV cagtaatacgactcactatagggagaaggctCCCCTACTACAACCAAAAAACCTAT 31+25   
*FW, forward; RV, reverse. #Ta, annealing temperature.
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Figure 1. Methylation profiles of Jagged1 gene in breast cancer (BC) and matched adjacent normal breast tissue (ANBT). A. Two-way hierarchical cluster analysis of 
methylation alteration. B. Comparison of overall methylation status. C. Methylation level of 15 individual CpG.
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Figure 2. Methylation profiles of Notch1 gene in breast cancer (BC) and matched adjacent normal breast tissue (ANBT). A. Two-way hierarchical cluster analysis of 
methylation alteration. B. Comparison of overall methylation status. C. Methylation level of 13 individual CpG.



Jagged1 and Notch1 methylation in breast cancer

1625 Am J Cancer Res 2015;5(5):1621-1634

DNA extraction and bisulfite treatment

The portions of samples that consisted of at 
least 70% cancer cells or normal luminal cells 
in each of the 73 formalin-fixed paraffin-embed-
ded BC and 20 ANBT were used. Genomic DNA 
was isolated by using tissue DNA extraction kit 
(Qiagen Inc., Valencia, CA, USA) [31]. Following 
manufacturer’s instructions, genomic DNA 
bisulfite conversion was achieved by using 
EZ-96 Bisulfite Kit (Zymo Research, Orange 
County, CA), which converts native cytosine 
(“C”) nucleotides into uracil (“U”), but the 
5-methyl-protected cytosine residues remain 
as “C”, and the resulting artificial sequence is 
conserved during PCR amplification. The PCR 
was performed as follows: 95°C for 30 sec, 
50°C for 15 min, repeating these 2 steps for 20 
cycles.

Primer design and PCR tagging for EpiTYPER 
assay

The sequence of CpG islands on Jagged1 and 
Notch1 genes was identified by using UCSC 
genome browser (http://genome.ucsc.edu/). 
Using EpiDesigner software (http://epidesign-
er.com), we designed the primers covering the 
region with maximum CpG sites on the Jagged1 
and Notch1 genes (Table 1). The forward prim-
er was tagged with 10-mer sequence to bal-
ance the PCR primer length, and T7 promoter 
(31 bp) was added to the reverse primer to 
facilitate the conversion of double stranded 

PCR product into single stranded RNA with 
simultaneous second level of amplification. The 
PCR conditions were one cycle, 94°C for 4 min; 
45 cycles, 94°C for 20 sec, Ta for 30 sec (Table 
1), 72°C for 1 min; one cycle, 72°C for 3 min. 
After the round of PCR amplification, 2 μl PCR 
products was used for in vitro transcription. 

In vitro transcription and T-cleavage assay

Unincorporated dNTPs in PCR products were 
removed by adding 0.3 units of shrimp alkaline 
phosphatase (SAP, SEQUENOM, Inc. San Diego, 
CA) and 1.7 μl ddH2O. The reaction mixture was 
incubated at 37°C for 20 minutes and the SAP 
was heat inactivated for 5 minutes at 85°C. 
After the SAP treatment, 5 ml T Cleavage 
Transcription/RNase Cocktail (Epicentre, 
Madison, WI) containing 0.89 μl 5× T7 poly-
merase buffer, 0.24 μl T cleavage mix, 3.14 
mM dithiothreitol, 22 U T7 RNA and DNA poly-
merase, 0.09 mg/ml RNase A, and a total of 2 
μl of the product of PCR/SAP reactions was 
mixed and incubated at 37°C for 3 hours for in 
vitro transcription and RNase A digestion. 

Mass spectrometry

We robotically dispensed 15 nl of the RNase A 
treated product onto silicon chips preloaded 
with matrix (SpectroCHIP; SEQUENOM). The 
mass spectra data were collected using a 
MassARRAY Compact MALDI-TOF (SEQUENOM, 
Inc. San Diego, CA), and spectra’s methylation 

Figure 3. ROC analysis for methylation status of Jagged1 (A) and Notch1 (B) genes in BC samples.
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proportions were generated by Epityper soft-
ware v.1.0 (SEQUENOM, Inc. San Diego, CA).

Immunohistochemistry (IHC)

The paraffin-embedded breast tissues were cut 
into 4-µm thick sections and were deparaf-
finized in xylene and rehydrated in graded alco-
hol. The microwave antigen-retrieval procedure 
in sodium citrate buffer (pH 6.0) was performed 
and endogenous peroxidase activity was 
blocked by H2O2. Subsequently, the slides were 
incubated with anti-Jagged1 (1:300, sc-8303, 
Santa Cruz, CA) or anti-Notch1 (1:50, ab44986, 
Abcam , Cambriadge, MA) over night. Following 
secondary antibody incubation, the product 
visualization was performed with diaminobenzi-
dine (DAB) substrate chromogen. Human lung 
tumor tissue was served as positive control 
and PBS replaced primary antibody in the nega-
tive control. All slides were assessed indepen-
dently by two pathologists. The proportion 
scores were given as a percentage of cells with 
positive cytoplasmic staining on a scale of 0 to 
4 (0: 0-5%, 1: 6-25%, 2: 26-50%, 3: 51-75%, 
and 4: 76-100% positive cells). The absolute 
intensity of cytoplasmic staining were based on 
a scale of 0 to 3 (0: no staining, 1: heteroge-
neous staining, 2: homogenous staining, and 3: 
intense homogenous staining). Percentages 
and intensities of positive cells were then mul-

analysis. The statistical difference of methyla-
tion quantity of overall or each CpG site between 
cancer and normal tissues was identified by 
t-test or Mann-Whitney-U-Test. The receiver 
operating characteristic (ROC) curve was used 
to calculate the methylation sensitivity and 
specificity. The correlation of methylation or the 
correlation of expression between Jagged1 and 
Notch1 gene was analyzed by Spearman’s rank 
test. The relationship between methylation and 
clinicopathological parameters or between 
methylation and expression in overall or each 
CpG site was evaluated by Mann-Whitney-U-
Test or Kruskal-Wallis H test. The comparison 
of proteins expression between cancer and nor-
mal tissues and the association of expression 
with clinicopathological features were detected 
by Chi-square test or Fisher’s Exact Test. All sta-
tistic analyses were two-sided and P<0.05 was 
considered to be statistically significant. 

Results

Methylation profiles of Jagged1 and Notch1 
genes in breast cancer and normal tissues

The DNA methylation were detected on the 
region from -1,396 to -1083 bp (314 bp) rela-
tive to transcription start site (TSS) on Jagged1 
promoter and on the region from +40,075 to 
+40,356 bp (282 bp) relative to TSS on Notch1 

Table 2. Comparison between Jagged1 gene methylation and patient 
clinicopathological parameters

Parameters N
Jagged1 (Mean methylation %)

Overall CpG_8.9.10 CpG_11.12 CpG_23.24.25
Lymph node metastasis
    - (LNN) 39 13.15*  9.92* 11.72 11.64
    + (LNP) 34 10.81 5.70 9.03 9.30
TNM stage
    I 10 15.19* 12.1* 12.50 13.8*
    II 29 12.47 9.26 11.62 10.85
    III 34 10.42 4.96 8.41 9.07
Histological grade
    1 8 16.02* 9.00 19.88* 15.38
    2 57 12.03 7.77 10.75 10.71
    3 8 9.58 7.25 6.38 10.50
Receptor status
    ER(+)/PR(+) Her2(-) 52 12.63 6.40 10.80 10.20
    ER(-) PR(-) Her2(+) 12 11.44 5.28 8.28 9.65
ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor 
receptor 2. *P<0.001.

tiplied to generate immu-
noreactivity score (IS) for 
each case. The staining 
results were divided into 
2 categories based on IS: 
<4 (0, 1, 2, and 3) which 
was considered as low 
expression, while ≥4 (4, 
6, 8, 9, and 12) was 
defined as high expre- 
ssion.

Statistical analysis

Data analyses were per-
formed by using the 
SPSS software package 
version 17.0. Quantitative 
DNA methylation profiles 
of Jagged1 and Notch1 
gene were compared 
between cancer and nor-
mal tissue by using two-
way hierarchical cluster 
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exon25 (Figure S1) because of CpG cluster-rich 
(>20 sites) [32]. For Jagged1 gene, the ampli-
con region covered 28 CpG sites and actually 
covered 28 CpG sites. Fifteen of 28 CpG sites 
could be analyzed and the 15 CpG sites includ-
ed 6 single sites and 9 composite sites. For 
Notch1 gene, the amplicon region covered 21 
CpG sites then actually covered 19 CpG sites, 
and 13 of 19 CpG sites were able to be ana-
lyzed and were divided into 8 single sites and 5 
composite sites (Table S2).

The methylation status of Jagged1 gene in BC 
and ANBT was showed in Figure 1. The CpG 
methylation levels could be identified by color 
with low methylation highlighted in yellow and 
high methylation in red (Figure 1A). The overall 
methylation was markedly lower in BC (mean 
methylation rate 11.97%) than ANBT (mean 
methylation rate 20.17%) (Figure 1B). Over 
86% CpG sites methylation value were less 
than 20% (median methylation rate 11%) in BC 
group, and 41% CpG sites showed increased 
methylation with more than 20% value com-
pared with median 18% in ANBT. The methyla-
tion level of all individual CpG site was lower in 
BC than ANBT (Figure 1C). Particularly, the 
methylation levels of 10 CpG sites (CpG-2, CpG-
6, CpG_7, CpG_11.12, CpG_13, CpG_16.17, 
CpG_20.21.22, CpG_23.24.25, CpG_26, and 
CpG_27.28) were significantly lower in BC than 
ANBT group (Table S3). 

Consistent with Jagged1 methylation profile in 
cancer, Notch1 gene displayed lower methyla-

tion in cancer (yellow clusters) than normal tis-
sues (red clusters) (Figure 2A), and the altera-
tion was provided with statistical significance in 
BC (mean methylation rate 14.57%) and ANBT 
group (mean methylation rate 41.66%) (Figure 
2B). Moreover, in cancer group, the methylation 
values of 85% CpG sites were less than 20% 
(median methylation rate 15.07%), then in nor-
mal group, 42% CpG sites were greater than 
45% compared to median value of 43.69%. In 
addition, all 13 individual CpG site exhibited 
significantly decreased methylation level in BC 
(Figure 2C, Table S4). 

Furthermore, the receiver operating character-
istic (ROC) analysis was performed to compare 
the methylation status of Jagged1 and Notch1 
gene in BC. The sensitivity and specificity of the 
two genes were obviously high in cancer, 
respectively (Figure 3). The association analy-
sis of methylation frequency in the two genes 
revealed a significantly positive relationship in 
BC but not markedly association in ANBT. 
(Figure S2).

Relationship between methylation alteration 
of Jagged1 and Notch1 genes and clinico-
pathological characteristics in breast cancer 
patients

The correlation between Jagged1 gene methyl-
ation and clinicopathological features of 
patients was displayed in Table 2. The overall 
methylation frequency in primary cancer was 
significantly lower with lymph node metastasis 

Table 3. Comparison between Notch1 gene methylation and patient clinicopathological parameters

Parameters N
  Notch1 (Mean methylation %)

Oveall CpG_1.2 CpG_3 CpG_4.5 CpG_8 CpG_10.11 CpG_12.13 CpG_14.15.16 CpG_18
Lymph node metastasis

    - (LNN) 39 15.24* 11.85 21.80 21.00* 21.14 7.13* 16.46 11.97* 15.71 

    + (LNP) 34 12.02 7.09 14.61 15.68 19.20 3.36 14.31 6.24 14.48 

TNM stage

    I 10 19.94* 13.40 18.60 22.90 19.00 7.40 16.70 16.80* 24.80*

    II 29 13.57 8.82 15.82 20.21 18.07 5.67 15.38 9.82 17.00 

    III 34 12.37 7.48 13.25 19.45 17.23 3.61 13.92 7.86 13.96 

Histological grade

    1 8 17.69* 17.88* 18.38 28.50 19.75 7.75 28.25* 12.00 17.25 

    2 57 13.26 8.70 14.64 19.61 19.12 5.09 15.20 9.21 14.91 

    3 8 12.36 5.38 11.50 21.38 24.29 2.50 12.25 8.63 14.71 

Receptor status  

    ER(+)/PR(+) Her2(-) 52 20.33* 11.33 24.69* 22.20 23.67* 6.17 21.00 17.64* 26.17 

    ER(-) PR(-) Her2(+) 12 14.09 9.83 18.60 20.77 16.71 6.10 20.91 8.27 24.27 
*P<0.05.
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(p=0.000), advanced stage (p=0.000) and high 
grade groups (p=0.000). CpG_8.9.10 was sig-
nificantly lower methylation degree in primary 
tumor with lymph node metastasis (p=0.002). 
The hypomethylation of CpG_8.9.10 and 
CpG_23.24.25 were markedly associated with 
advanced stage (p=0.001, p=0.038). The lower 
methylation status of CpG_11.12 was showed 
in high grade group (p=0.002). To note, 
CpG_8.9.10 hypomethylation in primary cancer 
was statistically related not only to lymph node 
metastasis but also to advanced stage. There 
were no significant methylation alterations in 
luminal subtype (ER+, PR+, HER2-) and HER2 
overexpression subtype (ER-, PR-, HER2+) 
breast cancer.

The association of Notch1 methylation with 
clinicopathological parameters was presented 
in Table 3. The overall hypomethylation in pri-
mary tumor significantly related to lymph node 
metastasis (p=0.000), advanced stage 
(p=0.000), high grade (p=0.000), and HER2 
overexpression subtype breast cancer 
(p=0.000). The low methylation of CpG_4.5, 
CpG_10.11 and CpG_14.15.16 in primary can-
cer were markedly associated with lymph node 
metastasis (p=0.008, p=0.013, and p=0.000). 
The CpG_14.15.16 and CpG_18 methylation 
significantly decreased in advanced stage 
group (p=0.003 and p=0.011). CpG_1.2 and 
CpG_12.13 were hypomethylated with high 
grade (p=0.005 and p=0.001). The CpG_3, 

Figure 4. Expression of Jagged1 protein (A) in BC (left) and ANBT (right) and Notch1 protein (B) in BC (left) and ANBT 
(right). Note immunohistochemical strong staining in cytoplasm of cancer cells then weak staining in cytoplasm of 
normal epithelial cells (original magnification ×400).
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Table 4. Association of methyaltion with expression of Jagged1 and Notch1 genes in BC

Jagged1 
expression

Jagged1 (Mean methylation %)
Notch1 

expression

Notch1 (Mean methylation %)

N Overall CpG_1 CpG_ 
3.4.5

CpG_ 
8.9.10

CpG_ 
11.12

CpG_ 
14.15 N Overall CpG_3 CpG_ 

4.5 CpG_8 CpG_9 CpG_ 
12.13

CpG_ 
14.15.16 CpG_17 CpG_19 CpG_ 

20
High 42 10.71* 6.12* 19.61* 6.36* 7.50* 10.32* High 52 11.54* 13.81* 16.39* 11.40* 6.95* 13.39* 7.93* 11.59* 12.56* 19.56*

Low 31 13.06 11.36 24.35 9.36 10.92 13.97 Low 21 20.42 29.93 31.31 25.77 18 24.21 15.07 22.86 18.29 23.23

*P<0.05.
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CpG_8 and CpG_14.15.16 methylation signifi-
cantly decreased in HER2 overexpression sub-
type breast cancer (p=0.011, p=0.013 and 
p=0.009). Interestingly, CpG_14.15.16 hypo-
methylation in primary tumor was a specific 
feature for lymph node metastasis, advanced 
stage, and HER2 overexpression subtype 
breast cancer. 

Impacts of DNA methylation in Jagged1 and 
Notch1 genes on protein expression, following 
the association of expression with clinicopath-
ological features in breast cancer

We detected Jagged1 expression by immuno-
histochemistry staining in same cohorts (Figure 
4A). The results showed the inverse correlation 
between methylation and expression in BC, 
especially the hypomethylation of overall and 
CpG_1, CpG_3.4.5, CpG_8.9.10, CpG_11.12, 
CpG_14.15 were significantly associated with 
high expression (p=0.000, p=0.033, p=0.043, 
p=0.039, p=0.018, and p=0.008) (Table 4). 
The expression level of Jagged1 was markedly 
higher in BC than in ANBT (Figure 5A) and was 
presented mainly in high expression status in 
cancer (42/73, 57.5%). The high expression of 
Jagged1 in primary cancer significantly related 
to lymph node metastasis, advanced stage and 
high grade (Table 5).

We also examined Notch1 protein expression 
(Figure 4B). Similarly, Notch1 gene methylation 
was negative associated with expression, spe-
cially, the methylation level of overall and 
CpG_3, CpG_4.5, CpG_8, CpG_9, CpG_12.13, 

CpG_14.15.16, CpG_17, CpG_19, CpG_20 was 
remarkably reduced (p=0.000, p=0.008, 
p=0.015, p=0.000, p=0.001, p=0.008, 
p=0.010, p=0.001, p=0.033, and p=0.036) in 
high expression BC samples (Table 4). The 
expression level of Notch1 was dramatically 
increased in BC (Figure 5B) and mainly in high 
expression status in cancer (52/73, 71.2%). 
The high expression of Notch1 in primary tumor 
was positive correlation with lymph node 
metastasis, advanced stage, high grade and 
HER2 overexpression type breast cancer (Table 
5). 

The correlation between Jagged1 expression 
and Notch1 expression were analyzed in BC 
and ANBT groups. Our data revealed the expres-
sion of the two proteins was statistically posi-
tive association in BC and ANBT samples 
(Figure S3).

Discussion

Aberrant DNA methylation contributes to 
tumorigenesis and progression of numerous 
malignant tumors [33-36]. Breast cancer is a 
genetic and epigenetic disease, and several 
studies have indicated the association of gene 
abnormal methylation with carcinogenesis and 
development of breast cancer [37-40]. In this 
study, we investigated DNA methylation status 
of ligand Jagged1 and receptor Notch1 of Notch 
pathway in BC and ANBT. To our knowledge, 
this study provides the first analysis of DNA 
methylation on Jagged1 promoter and Notch1 
exon25 in breast carcinoma.

Figure 5. Comparison of Jagged1 (A) and Notch1 (B) expression in BC and ANBT.
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We first detected methylation levels of Jagged1 
and Notch1 genes in paired BC and ANBT. 
These results showed significant hypomethyl-
ation of overall and 10 of 15 CpG sites on 
Jagged1 promoter in tumor tissue, which indi-
cated the methylation heterogeneity in cancer 
and normal tissue, and suggested a potential 
role of hypomethylation facilitating to breast 
carcinogenesis. Our results were in contrast to 
published data that hypermethylated Jagged1 
occurred in B cell acute lymphoblastic leuke-
mia [13]. This discrepancy can be attributed to 
difference in cancer cell type and sample size. 
Similar to Jagged1, the overall as well as all 13 
individual CpG sites on Notch1 exon25 had sig-
nificantly lower methylation in cancer than in 
normal tissue, which implied that Notch1 hypo-
methylation can be used as a biomarker for 
occurrence of breast cancer. These findings 
were strongly supported by our previous data of 
decreased methylation of Notch1 gene in carci-
noma but elevated methylation in premalignant 
lesion tissues [25], and also were consistent 
with other observations of Notch1 hypomethyl-
ation in mantle cell lymphoma [21] and oral 
squamous cell carcinomas [22]. The high sensi-
tivity and specificity of hypomethylation in can-
cer further revealed abnormal methylation of 
Jagged1 and Notch1 genes may be valuable 
markers for breast cancer diagnosis. 
Additionally, a significantly positive relationship 
of methylation between Jagged1 and Notch1 

gene implied a possible synergetic effect of the 
both genes on breast carcinogenesis. Although 
our investigation has paved the way for study-
ing Jagged1 and Notch1 gene methylation by 
using MALDI-TOF MS technology, the study is 
limited by small sample size, therefore war-
rants further validation. 

Furthermore, we wanted to determine whether 
methylation alterations of Jagged1 and Notch1 
genes can predict breast cancer progression. 
The association of DNA methylation status with 
clinicopathological characteristics was investi-
gated. The overall hypomethylation of Jagged1 
and Notch1 genes in primary tumors signifi-
cantly correlated with lymph node metastasis, 
advanced stage and high grade, which suggest-
ed the aberrant methylation may be important 
predictors for breast carcinoma development. 
The results consistent with our previous conclu-
sion that hypomethylated Notch1 gene can be 
a poor prognosis biomarker [25]. The individual 
CpG site, specially, Jagged1 CpG_8.9.10 was 
dramatically decreased methylation in primary 
cancers with lymph node metastasis and 
advanced stage, and the low methylation of 
Notch1 CpG_14.15.16 in primary tumors was 
also observed in lymph node metastasis, 
advanced stage and HER2 overexpression sub-
type breast cancer. The findings indicated that 
hypomethylation on some individual CpG sites 
especially on Jagged1 CpG_8.9.10 and Notch1 

Table 5. Association of expression of Jagged1 and Notch1 with clinicopathological variables

Parameters N
Jagged1 expression Notch1 expression

High n (%) Low n (%) χ2 P High n (%) Low n (%) χ2 P
Lymph node metastasis
    - (LNN) 39 22 (56.4%) 17 (43.6%) 5.665 0.023* 24 (61.5%) 15 (38.5%) 5.153 0.023*
    + (LNP) 34 28 (82.4%) 6 (17.6%) 29 (85.3%) 5 (14.7%)
TNM stage
    I 10 3 (30.0%) 7 (70.0%) 6.475 0.041* 7 (70.0%) 3 (30.0%) 6.772 0.034*
    II 29 16 (55.2%) 13 (44.8%) 15 (51.7%) 14 (48.3%)
    III 34 25 (73.5%) 9 (26.5%) 28 (82.4%) 6 (17.6%)
Histological grade
    1 8 3 (37.5%) 5 (62.5%) 7.107 0.021* 3 (37.5%) 5 (62.5%) 6.783 0.040*
    2 57 15 (26.3%) 42 (73.7%) 22 (38.6%) 35 (61.4%)
    3 8 6 (75.0%) 2 (25.0%) 7 (87.5%) 1 (12.5%)
Receptor status
    ER(+)/PR(+) Her2(-) 52 37 (71.2%) 15 (28.8%) 0.071 0.789 26 (50.0%) 26 (50.0%) 4.402 0.036*
    ER(-) PR(-) Her2(+) 12 9 (75.0%) 3 (25.0%)  10 (83.3%) 2 (16.7%)
ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2. *P<0.05.
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CpG_14.15.16 was specific feature for cancer 
progression and may provide an evidence of 
the heterogeneity of individual CpG site with 
clinicopathological characteristics. Although 
the aberrant methylation of the two genes influ-
enced clinical biological features of breast can-
cer, but the study did not delve into the molecu-
lar role of DNA methylation, so we will need 
further to study this phenomenon in cancer cell 
lines and animal models. Nevertheless, we first 
show the hypomethylation from overall to spe-
cific individual CpG site of Jagged1 and Notch1 
genes in primary cancer is associated with 
breast cancer progression, particularly associ-
ated with lymph node metastasis and advanced 
stage. 

In addition, we explored the aberrant DNA 
methylation impacting on protein expression in 
same cohorts. For Jagged1 gene, the methyla-
tion of overall and individual CpG, specifically 
CpG_8.9.10, was markedly inversely propor-
tional to the protein expression, which indicat-
ed the low methylation may result in elevated 
expression and CpG_8.9.10 hypomethylation 
may be one of crucial causes of dysfunction of 
Jagged1. Additional, Jagged1 was higher 
expression in cancer than in normal tissue and 
the increased expression in primary tumors 
was positively related to lymph node metasta-
sis, advanced stage and high grade, which were 
similar to above-mentioned findings of hypo-
methylation in cancer and the relationship 
between hypomethylation and clinicopathologi-
cal variables. These data further confirmed the 
important role of Jagged1 gene in occurrence 
and progression of breast cancer. For Notch1 
protein, we found the significant correlation 
between high expression and low methylation 
of overall and each CpG sites, particularly 
Notch1 CpG_14.15.16, suggesting that hypo-
methylation was one of the reasons for aber-
rant high expression and the hypomethylation 
of CpG_14.15.16 especially may be important 
for expression regulation of Notch1 protein. Our 
results was consistent with other reports that 
DNA methylation on Notch1 promoter correlat-
ed with transcriptional silencing in mantle cell 
lymphoma [21] and non-tumor samples [15], 
however, the relationship on Notch1 exox25 in 
our finding needed further being verified. When 
the exact mechanism was unknown, the losing 
Notch1 exox25 methylation may be an immedi-
ate cause of Notch1 expression. Moreover, we 
observed the Notch1 overexpression in cancer 

and Notch1 overexpression in primary cancer 
significantly related to lymph node metastasis, 
advanced stage, high grade and HER2 overex-
pression subtype, which was a keeping with the 
hypomethylation in cancer and the correlation 
between hypomethylation and clinicopathologi-
cal features. These findings further indicated 
Notch1 facilitating to tumorigenesis and devel-
opment of breast cancer. In addition, the 
expression of Jagged1 and Notch1 had signifi-
cantly positive relationship in cancer, in accor-
dance with the relationship of methylation sta-
tus in the two genes, which also confirmed the 
two genes cooperatively effecting on carcino-
genesis of breast tissue. 

In summary, we present the first evidence that 
ligand Jagged1 promoter region and receptor 
Notch1 exon25 region are synergistically hypo-
methylated and signifies carcinogenesis and 
development of breast cancer. DNA hypometh-
ylation of the two genes may play important 
role in regulating overexpression. The high 
expression of the two proteins further confirms 
the role of Jagged1 and Notch1 gene in promot-
ing occurrence and progression of breast 
carcinoma.
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Table S1. Clinicopathological parameters of 73 patients with breast carcinoma
Variable Frequency (%)
Lymph node metastasis Negative (LNN) 39 (53.4%)

Positive (LNP) 34 (46.6%)
TNM stage I 10 (13.7%)

II 29 (39.7%)
III 34 (46.6%)

Histological grade 1 8 (11.0%)
2 57 (78.0%)
3 8 (11.0%)

ER status Negative 21 (28.8%)
Positive 52 (71.2%)

PR status Negative 34 (46.6%)
Positive 39 (53.4%)

Her2 status Negative 61 (83.6%)
Positive 12 (16.4%)

ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2. *P<0.05.

Figure S1. Schematic depiction of Jagged1 and Notch1 genomic loci showing CpG islands. A. Jagged1 gene is lo-
cated at the region of 20p12.1-p11.23. The amplicon analyzed is indicated in black bar (314 bp size) and located 
at promoter region upstream from -1396 to -1083 bp relative to TSS*. B. Notch1 gene is located at the region of 
9q34. The amplicon analyzed is indicated in black bar (282 bp size) and located at exon25 region downstream from 
+40,075 to +40,356 bp relative to TSS*. *: transcription start site.
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Table S3. Comparison of mean methylation level of individual CpG site on Jagged1 promoter in breast 
cancer and normal breast tissues

Group
Jagged1 (Mean methylation %)

CpG_ 
1

CpG_ 
2

CpG_ 
3.4.5

CpG_ 
6

CpG_ 
7

CpG_ 
8.9.10

CpG_ 
11.12

CpG_ 
13

CpG_ 
14.15

CpG_ 
16.17

CpG_ 
18.19

CpG_ 
20.21.22

CpG_ 
23.24.25

CpG_ 
26

CpG_ 
27.28

BC 8.29 10.73* 22.09 11.00* 8.24* 7.99 9.33* 9.48* 12.27 17.17* 12.15 23.61* 10.39* 9.10* 8.10*

ANBT 18.05 24.62 29.26 25.25 13.05 13.44 18.68 19.6 14.9 30.42 15.25 30.94 19.45 20.7 13.7
BC: breast cancer; ANBT: adjacent normal breast tissues. *P ≤ 0.001.

Table S4. Comparison of mean methylation level of individual CpG site on Notch1 exon25 in breast 
cancer and normal breast tissues

Group
Notch1 (Mean methylation %)

CpG_ 
1.2 CpG_3 CpG_ 

4.5 CpG_8 CpG_9 CpG_ 
10.11

CpG_ 
12.13

CpG_ 
14.15.16

CpG_ 
17

CpG_ 
18 CpG_19 CpG_20 CpG_21

BC 9.07* 16.99* 19.08* 14.23* 9.19* 5.27* 15.52* 9.30* 13.75* 15.07* 13.66* 20.24* 11.13*

ANBT 26.39 48.27 54.07 44.92 29.38 17.80 43.69 28.70 40.83 44.67 38.84 59.42 35.92 
BC: breast cancer; ANBT: adjacent normal breast tissues. *P<0.001.

Figure S2. Correlation of methylation level between Jagged1 and Notch1 gene in (A) BC and (B) ANBT, respectively.

Table S2. The informative CpG sites per amplicon for Jagged1 and Notch1 gene

Gene Amplicon 
size (bp)

No. of coverage 
CpG sites

No. of actual 
coverage CpG sites

No. of analyzed 
CpG sites

No. of analyzed CpG sites
Single sites* Composite sites#

Jagged1 314 28 28 15 6 9
Notch1 282 21 19 13 8 5
*: single CpG site; #: two or three adjacent CpG sites that fall within one fragment, or when fragments are overlapping.
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Figure S3. Relationship of expression level between Jagged1 and Notch1 protein in BC (A) and ANBT (B), respec-
tively.


