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Abstract: Breast cancer is a complex and heterogeneous disease occurring in women of various races/ethnicities. 
DNA methylation plays an essential role in the occurrence and development of breast cancer. There are no stud-
ies have examined methylation changes on these genes in Uighur women and comparison between Uighur and 
Han. We employed MassARRAY spectrometry to quantify methylation of Jagged1 and Notch1 genes in 74 Uighur 
women with breast cancer and 27 adjacent normal breast tissues. Moreover, we further assessed the differences 
of methylation in breast tissues from Uighur and Han women. In Uighur breast samples, the overall methylation level 
of Jagged1 and Notch1 genes, especially at CpG_1 on Jagged1 gene and some CpG sites on Notch1 gene, were 
significantly decreased in cancer tissues and obviously related to multiple clinicopathological features. Moreover, 
Notch1 hypomethylation was significantly more sensitive for determination of Uighur cancer risk. In addition, the 
hypomethylation of Jagged1 was more sensitive as a predictor for Han breast cancer. These findings suggested 
that hypomethylation of Jagged1 and Notch1 genes and specific CpG sites may be indicators for both Uighur and 
Han breast carcinogenesis and progression and may also represent the “ethnicity-sensitive” biomarkers for breast 
cancer occurrence and aggressiveness in different races. 
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Introduction

Breast cancer is a complex, heterogeneous dis-
ease [1] and one of the leading causes of death 
among women. The incidence and distribution 
patterns of breast cancer vary widely among 
individuals of different racial or ethnic back-
grounds [2, 3]. Among multiracial/multiethnic 
populations in the Xinjiang region of China, the 
Uighur race is a dominant group that has been 
shown to have a high incidence and generally 
poor prognosis in breast cancer [4], second 
only to individuals of the Han ethnicity. 

Breast carcinogenesis and development is a 
multistep process resulting from the accumula-

tion of genetic and epigenetic alterations, 
including DNA methylation. Notch signaling 
genes, particularly the genes encoding ligand 
Jagged1 and receptor Notch1, are involved in 
the tumorigenesis and progression of breast 
cancer [5-10]. Moreover, our previous studies 
have shown that DNA methylation of Jagged1 
and Notch1 genes is disrupted in breast cancer 
tissues from Han women in the Xinjiang region 
of China [11, 12]. 

Differences in breast cancer epidemiological 
features between Uighur and Han ethnic groups 
can be largely explained by differences in risk 
factors, and different risk factors are associat-
ed with variations in DNA methylation [13, 14], 
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which can affect the occurrence and aggres-
siveness of breast cancer [15]. Because race-
related differences in methylation may be asso-
ciated with differences in race-related breast 
cancer susceptibility [16-18], it is possible that 
the methylation levels of Jagged1 and Notch1 
genes may differ among Uighur and Han women 
and may be associated with the ethnic differ-
ences in tumorigenesis and biological behav-
iors in breast cancer.

As an extension of our earlier work examining 
the methylation statuses of the Jagged1 and 
Notch1 genes in Han women [12], in this study, 
we investigated changes of the methylation 
statuses on the Jagged1 and Notch1 genes in 
breast cancer and matched normal breast tis-
sues from Uighur women, and analyzed the 
associations between DNA methylation and 
clinicopathological features. Furthermore, we 
compared the DNA methylation levels in breast 
tissues from Uighur and Han ethnicities and 
assessed the contributions of DNA methylation 
to the clinicopathological characteristics in 
both ethnicities. Our results may facilitate the 
identification of methylated genes that could 
have applications as “ethnicity-sensitive” bio-
markers for the occurrence and progression of 
breast cancer.

Materials and methods 

Patients and samples 

A total of 101 specimens, including 74 breast 
cancer and 27 adjacent normal breast tissues, 
were collected from women of the Uighur eth-
nicity by surgical resection, along with corre-
sponding clinicopathological data, at the 
Xinjiang Uygur Autonomous Region People’s 
Hospital from January 2009 to June 2013. All 
samples were randomly collected under multi-
stage cluster sampling, and none of the 
patients received therapy before sample collec-
tion. The acquired breast tissues were fixed in 
10% neutral formalin and embedded in paraffin 
after patients underwent modified radical mas-
tectomy. We gathered clinical and pathological 
data, such as lymph node metastasis, tumor-
node-metastasis (TNM) stage, histological 
grade, and estrogen receptor (ER), progester-
one receptor (PR), and human epidermal growth 
factor receptor 2 (HER2) statuses, from the 
hospital medical records. The clinical stage 
was classified according to TNM staging sys-

tem (American Joint Committee on Cancer clas-
sification) [19], while the histological type and 
grade were classified according to World Health 
Organization (WHO) classification [20]. Two 
experienced pathologists independently evalu-
ated the expression statuses of ER, PR, and 
HER2. We considered ER and PR expression as 
positive at least 1% of cells exhibited nuclear 
staining. We scored membranous immunos-
taining for HER2 on a scale of 0 to 3+, and 
HER2 expression was considered as positive 
when scores 3+ by Immunohistochemistry or 
HER2 gene amplification with a ≥2.2-fold 
increase determined by fluorescence in situ 
hybridization (FISH). We also collected normal 
breast tissues at least 5 cm away from the 
tumor site. Informed consent was obtained 
from all the patients before enrollment in the 
study, this study was approved by the Research 
Ethics Committee of Xinjiang Uygur Autono- 
mous Region People’s Hospital, this study was 
prospectively performed and approved by the 
institutional Ethics Committees of above-men-
tioned hospital and conducted in accordance 
with the ethical guidelines of the Declaration of 
Helsinki [12].

Matrix-assisted laser desorption-ionization 
time-of-flight mass spectrometry (MALDI-TOF-
MS)-based DNA methylation analysis

Quantitative DNA methylation analysis of 
Jagged1 and Notch1 genes was performed 
using the MassARRAY platform (Sequenom, 
San Diego, CA, USA) as described previously 
[12]. Briefly, formalin-fixed, paraffin-embedded 
tissue blocks were cut to 5-mm-thick slices and 
placed in sterile 2.0-ml EP tubes. Genomic DNA 
was isolated using a DNA extraction kit (Qiagen 
Inc., Valencia, CA, USA). The sequences of CpG 
islands on promoter region in Jagged1 gene 
and on exon 25 in Notch1 gene, as well as the 
primer sets for methylation analysis, were 
described previously [12]. Polymerase chain 
reaction (PCR) amplification and dephosphory-
lation of unincorporated dNTPs by shrimp alka-
line phosphatase (Sequenom) were carried out. 
Transcription and digestion were performed 
simultaneously, and samples were cleaved by 
RNase A and then dispensed onto silicon chips 
preloaded with matrix (Spectro-CHIPS, Sequ- 
enom). The mass spectra data were collected 
by MassARRAY Compact MALDI-TOF (Seque- 
nom), and the methylated portions for each 
single or combined CpG site were analyzed 
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using Epityper software v.1.0.5 (Sequenom). 
Non-applicable reads and corresponding sites 
were eliminated during calculation.

Statistical analysis

SPSS version 17.0 software was employed for 
statistical analyses. Two-way hierarchical clus-
ters were used to show Jagged1 and Notch1 
gene methylation profiles in cancer and normal 
tissues. T-tests or Mann-Whitney U-tests were 
performed to assess the methylation levels of 
the overall and individual CpG site in Jagged1 
and Notch1 genes. Receiver operating charac-
teristic (ROC) curves were used to calculate 
methylation sensitivity and specificity, and chi-
square tests were conducted to further com-
pare the sensitivity and specificity of Jagged1 
and Notch1 genes in different tissues and dif-
ferent ethnicities. Mann-Whitney U-tests or 
Kruskal-Wallis H tests were used to evaluate 
the relationships between methylation and clin-
icopathological parameters. All statistical anal-
yses were two-sided, and P values of less than 
0.05 were considered statistically significant.

Results

DNA methylation patterns of Jagged1 and 
Notch1 genes in breast samples from Uighur 
women, and comparison with Han ethnicity

First, we analyzed 15 CpG sites on the promot-
er sequence of Jagged1 gene [12], which 
encodes a ligand protein involved in Notch1 sig-
naling pathway, in 74 breast cancer and 27 
matched adjacent normal breast tissues from 
Uighur women. Hierarchical cluster analysis 
showed that decreased methylation levels of 
Jagged1 CpG sites in cancer (Figure 1A). The 
overall methylation level of the Jagged1 gene 
was significantly lower (P<0.001) in breast can-
cer samples (mean methylation rate: 14.55%) 
than normal controls (mean methylation rate: 
18.14%; Figure 1B). Most single CpG sites were 
hypomethylated in cancer tissues, particularly 
CpG_1 (P<0.001), CpG_11.12 (P=0.005), 
CpG_13 (P=0.025), and CpG_16.17 (P=0.023; 
Figure 1C). 

Next, we evaluated differences in DNA methyla-
tion levels of Jagged1 gene between Uighur 

Figure 1. Methylation patterns of the Jagged1 gene in breast cancer (BC) and adjacent normal breast tissue (ANBT) 
samples from Uighur women. A. Two-way hierarchical cluster analysis of methylation levels. The green to blue colors 
indicate changes from low to high methylation status. B. The overall methylation profiles in BC and ANBT groups. C. 
Methylation levels of 15 individual CpG sites in BC and ANBT specimens. *P<0.05.
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and Han breast samples. In our previous report, 
we had showed that methylation of overall and 
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 sites on Jagged1 
were significantly lower in cancer than normal 
tissues from Han individuals [12]. So, together 
Han and Uighurs, we found the similar methyla-
tion profiles of overall and CpG_11.12, CpG_13, 

CpG_16.17 sites in cancer from both Uighur 
and Han (Figure 2A). However, the diversity of 
methylation in the two ethnics showed that 
overall (P<0.001) and CpG_2 (P<0.001), CpG_6 
(P<0.001), CpG_11.12 (P=0.025), CpG_14.15 
(P=0.018) and CpG_18.19 (P=0.010) were sig-
nificantly higher in Uighur than in Han patients, 
whereas that of CpG_8.9.10 (P<0.001) was 
lower (Figure 2B). In normal tissue, the overall 

Figure 2. A. Overlap of the methylation on Jagged1 gene in Uighur and Han breast cancer. B. Comparison of the 
methylation on Jagged1 gene between Uighur and Han breast cancer. *P<0.05.

Figure 3. Methylation profiles of Notch1 gene in breast cancer (BC) and adjacent normal breast tissue (ANBT) 
samples from Uighur patients. A. Methylation changes by two-way hierarchical clustering. The green to blue colors 
indicate changes from low to high methylation levels. B. Overall methylation patterns in BC and ANBT groups. C. 
Methylation levels of 13 individual CpG sites in BC and ANBT samples. *P<0.05.
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methylation level did not differ between the two 
ethnics.

We then analyzed DNA methylation on exon 25 
of Notch1 gene [12], which encodes a receptor 

P<0.001, P<0.001, P<0.001 and P<0.001, 
respectively) in breast cancer (Figure 3C).

Furthermore, we performed ethnic-related 
analysis of methylation on Notch1 gene in can-

Figure 4. A. Overlap of Notch1 gene methylation in Uighur and Han breast cancer. B. Comparison of methylation 
levels on Notch1 gene between Uighur and Han breast cancer. *P<0.05.

Figure 5. ROC analysis of the methylation statuses on Jagged1 and Notch1 genes in breast samples from a Uighur 
women and b both Uighur & Han women.

Table 1. The sensitivity and specificity of Jagged1 and 
Notch1 methylation between Uighur and Han national-
ity

Gene Race
Sensitivity 

(No. of cancer)
Specificity 

(No. of normal)
All + - P All + - P

Jagged1 Uighur 54 30 24 0.001 25 25 0 0.05
Han 73 60 13 20 17 3

Notch1 Uighur 54 52 2 0.002 25 24 1 0.09
Han 73 56 17 20 16 4

protein in Notch1 signaling pathway, using 
the same panel of samples from Uighur 
women. The methylation levels of 13 CpG 
sites were markedly decreased in cancer 
samples (Figure 3A). Similarly to hierarchi-
cal cluster analysis, the overall level of 
methylation was significantly lower (P< 
0.001) in cancer than normal tissues 
(Figure 3B) with obvious hypomethylation 
on all 13 individual CpG sites (P<0.001, 
P=0.025, P<0.001, P=0.001, P<0.001, 
P<0.001, P<0.001, P<0.001, P<0.001, 
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cer and controls from Uighur and Han. We had 
reported that the overall and all 13 individual 
CpG sites of Notch1 gene exhibited significantly 
decreased methylation in Han breast cancer 
[12]. Moreover, the hypomethylation of overall 
and all 13 CpG sites were also observed in 
Uighur cancer samples (Figure 4A). In addition, 
the methylation level of overall and 12 CpG 
sites (P<0.001, P<0.001, P=0.001, P<0.001, 
P<0.001, P<0.001, P=0.011, P<0.001, P< 
0.001, P=0.002, P=0.001 and P=0.007, 
respectively) were slightly but significantly high-
er in Uighur than Han patients (Figure 4B). 
Then, in normal breast tissues, there were no 
significant difference in overall methylation 
between Uighur and Han women.

Sensitivity and specificity of DNA methylation 
on Jagged1 and Notch1 in breast samples 
from Uighur and Han race

Following, we compared the sensitivities and 
specificities of DNA methylation on Jagged1 
and Notch1 in the two ethnics. The areas under 
the ROC curves were 0.793 with 55.6% sensi-
tivity and 100.0% specificity for Jagged1 and 
0.979 with 96.3% sensitivity and 96.0% speci-
ficity for Notch1 in Uighur women (Figure 5A). 
The results of Han women [12] were similar to 
Uighur women. Combination of the data from 
both races (Uighur+Han) showed the areas 
under the ROC curves were 0.825 with 74.0% 
sensitivity and 84.4% specificity for Jagged1 

and 0.871 with 86.6% sensitivity and 84.4% 
specificity for Notch1 (Figure 5B).

From the above-mentioned differences in DNA 
methylation and ROC curves of the two genes 
in breast samples from the two ethnics, we fur-
ther compared the differences in methylation 
among Uighur and Han race. The cut-off values 
of DNA methylation could be obtained from 
ROC analysis, and cut-off values of Jagged1 
gene were 11.44% for Uighur and 14.29% for 
Han, and cut-off values of Notch1 were 35.12% 
for Uighur and 32.22% for Han. Therefore, can-
cer tissues with DNA methylation rate lower 
than the cut-off value were defined as positive, 
otherwise, higher as negative. Further statisti-
cal analysis using chi-square tests showed that 
hypomethylation of the Jagged1 gene was sig-
nificantly more sensitive for predicting diagno-
sis in Han breast cancer (P=0.001), whereas 
hypomethylation of Notch1 was a more sensi-
tive indicator for predicting diagnosis in Uighur 
breast cancer (P=0.002; Table 1). There was no 
significant difference in the specificities of 
Jagged1 and Notch1 DNA methylation between 
Uighur and Han individuals.

Association of the methylation frequencies on 
Jagged1 and Notch1 genes with clinicopatho-
logical characteristics in Uighur breast cancer, 
and comparison with Han race 

Finally, we assessed the correlations between 
methylation status of the two genes and clinico-

Table 2. Relationship of Jagged1 gene methylation with clinicopathological parameters in Uighur BC 
patients

Parameter
Jagged1 (methylation %) in Uighur

No. Overall CpG_1 CpG_8.9.10 CpG_13 CpG_16.17 CpG_23.24.25 CpG_26
Lymph node metastasis
    - (LNN) 43 15.82* 9.09 7.64* 11.31 15.78 13.93 11.50
    + (LNP) 31 12.78 9.27 1.96 9.00 15.96 10.16 8.77
TNM stage
    I 31 17.84* 9.48 6.74 13.05 19.94* 14.55 14.05*
    II 27 13.12 10.65 4.60 9.17 15.95 11.14 8.26
    III 16 11.40 6.29 3.07 7.93 10.38 10.23 7.93
Histological grade
    1 30 16.11* 11.10* 6.84 10.70 19.00 12.89 11.00
    2 27 13.96 10.90 4.70 10.61 16.09 11.24 10.13
    3 17 12.79 3.93 2.79 9.20 11.38 12.64 9.53
Receptor status
    ER(+) PR(+) Her2(-) 40 15.57* 9.23 6.93 12.63* 15.00 14.46* 13.47*
    ER(-) PR(-) Her2(+) 28 13.19 9.11 2.92 7.75 16.73 9.73 6.86
*Represent P<0.05.
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pathologic parameters in breast cancer from 
the two races. The overall hypomethylation of 
Jagged1 in primary cancer tissues was associ-
ated with lymph node metastasis (P=0.018), 
advanced stage (P<0.001), high grade (P< 
0.001), and HER2 overexpression subtype (ER-, 
PR-, HER+; P=0.019). The hypomethylation of 
CpG_1 was observed in high-grade primary 
tumors (P<0.001). The hypomethylation of 
CpG_8.9.10 in primary cancer was more fre-
quent in cases with lymph node metastasis 
(P=0.005). CpG_13, CpG_23.24.25 and CpG_ 
26 were significantly hypomethylated in HER2 
overexpression subtype (P=0.014, P=0.007 
and P=0.003, respectively). The hypomethyl-
ation of CpG_16.17 and CpG_26 in primary 
cancer was associated with advanced stage 
(P=0.039 and P=0.044, respectively) (Table 2).

We further compared the relationship of 
Jagged1 gene methylation with clinicopatho-

logical features between Uighur and Han 
patients. This analysis showed that methylation 
of the overall and CpG_8.9.10 was associated 
with lymph node metastasis in both ethnicities 
(Table 3).

We also analyzed the correlations between 
Notch1 methylation and clinicopathological 
features in Uighur patients (Table 4). The over-
all low methylation in primary cancer samples 
was significantly related to lymph node metas-
tasis (P<0.001), advanced stage (P<0.001), 
and high grade (P<0.001). CpG_4.5 was signifi-
cantly hypomethylated in primary tumors with 
lymph node metastasis (P=0.024) and higher 
grade (P=0.001). The hypomethylation of 
CpG_8 in primary cancer was associated with 
HER2 overexpression subtype (P=0.037). 
CpG_12.13 was low methylated with advanced 
stage (P=0.017). CpG_19 methylation was sig-
nificantly decreased in primary tumors with 

Table 3. Comparison of Jagged1 methylation with clinicopathological features between Uighur and 
Han patient

Parameter
Jagged1 gene methylation status

Uighur Han[12]

Lymph node metastasis Overall CpG_8.9.10 Overall CpG_8.9.10
TNM stage Overall CpG_16.17 CpG_26 Overall CpG_8.9.10 CpG_23.24.25
Histological grade Overall CpG_1 Overall CpG_11.12
Receptor status Overall CpG_13 CpG_23.24.25 CpG_26

Table 4. Relationship between Notch1 gene methylation and clinicopathological features in Uighur 
patients

Parameter
Notch1 (methylation %) in Uighur

N Overall CpG_4.5 CpG_8 CpG_12.13 CpG_19 CpG_20 CpG_21
Lymph node metastasis
    - (LNN) 43 26.39* 26.63* 21.81 24.57 25.76* 30.03 19.84
    + (LNP) 31 20.49 20.00 19.62 21.54 14.86 26.74 13.36
TNM stage
    I 31 27.98* 27.58 20.52 32.80* 24.46* 27.8 20.00*
    II 27 23.66 21.73 24.28 16.22 23.52 31.88 18.56
    III 16 17.96 20.75 16.13 18.4 12.13 24.87 10.25
Histological grade
    1 30 28.45* 26.65* 22.44 28.32 26.58* 35.30* 22.04
    2 27 22.33 26.54 20.42 18.79 20.33 24.17 13.58
    3 17 18.57 14.8 19.07 22.14 12.67 23.14 13.93
Receptor status
    ER(+) PR(+) Her2(-) 40 24.77 25.19 23.03* 21.51 23.74 31.05* 17.05
    ER(-) PR(-) Her2(+) 28 22.64 21.73 17.77 25.88 17.30 25.33 17.04
*Represent P<0.05.
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lymph node metastasis (P=0.004), advanced 
stage (P=0.009), and high grade (P=0.008). 
The low methylation of CpG_20 was observed 
in primary cancer with high grade (P=0.026) 
and the HER2 overexpression (P=0.042). The 
hypomethylation of CpG_21 in primary tumor 
was associated with advanced stage (P=0.025).

In both Uighur and Han patients (Table 5), the 
overall hypomethylation of the Notch1 gene 
was associated with lymph node metastasis, 
advanced stage, and high grade. The low meth-
ylation on CpG_4.5 related to lymph node 
metastasis. CpG_12.13 hypomethylation was 
correlated with clinical stage in Uighur and his-
tological grade in Han patients. 

Discussion

DNA methylation has been reported to be asso-
ciated with breast cancer incidence and inva-
sion [21, 22]. In this study, we first analyzed the 
potential role of aberrant DNA methylation in 
Jagged1 and Notch1 gene on Uighur breast 
cancer occurrence and progression. Our results 
demonstrated that both genes at overall and 
some CpG sites were significantly hypomethyl-
ated in cancer samples, which were consistent 
with our findings in Han breast cancer [11, 12] 
and other researches in other tumors [23, 24]. 
The results suggested the low methylation may 
be an indicator for breast cancer risk. The high 
sensitivity and specificity of the two genes 
implied the potential important role facilitating 
to Uighur breast carcinogenesis. Moreover, the 
hypomethylation of overall and some CpG sites 
in Notch1 and Jagged1 genes were associated 
with various clinicopathological parameters, 
highlighting the importance of Jagged1 and 
Notch1 in breast cancer progression.

Interestingly, variations of methylation frequen-
cy in different ethnic breast samples became 
more and more epidemic [25, 26]. On the basis 
of our previous results of Jagged1 and Notch1 

methylation in Han breast samples [12], we fur-
ther identified the regulatory roles of common 
and race-related methylation on occurrence 
and progression for Uighur and Han breast can-
cer. The overlap of methylation status of the 
overall level on Jagged1 gene as well as the 
overall and CpG_4.5, CpG_12.13 on Notch1 
gene in the both two ethnics may be essential 
markers for both Uighur and Han breast carci-
nogenesis and aggressiveness no matter racial 
diversity. Although the methylation of the two 
genes did not differ in normal tissues among 
Uighur and Han, it should be noted that the 
number of normal samples were not enough 
and the population structure was not analyzed. 
Despite the similarities among Han and Uighur 
patients, the differences of the two genes 
between Uighur and Han had be identified as 
“ethnicity-sensitive” potential biomarkers for 
breast cancer occurrence and development. 
Our data showed that Jagged1 hypomethyl-
ation was significantly more sensitive as a pre-
dictor for Han breast cancer, whereas Notch1 
hypomethylation for Uighur breast cancer. 
Furthermore, the racial-diversity of methylation 
level on specific CpG sites, such as CpG_1 on 
Jagged1 and some CpG sites on Notch1 for 
Uighur patients, as well as CpG_23.24.25 on 
Jagged1 and major CpG sites on Notch1 for 
Han women, were significantly decreased in 
cancer tissues and markedly associated with 
clinicopathological characteristics. These data 
suggested the hypomethylation on the specific 
sites may take most responsibility for ethnics-
related breast cancer risk and invasiveness.

In summary, this is the first report describing 
the methylation profiles of Jagged1 and Notch1 
genes in Uighur breast samples and compari-
son with Han ethnic. The methylation profiles at 
overall and special CpG sites of Jagged1 and 
Notch1 gene may be predictive markers for 
both Uighur and Han breast cancer occurrence 
and aggressiveness. The different sensibility of 

Table 5. Comparison of Notch1 methylation with clinicopathological features between Uighur and 
Han patient

Parameter
Notch1 gene methylation status

Uighur Han[12]

Lymph node metastasis Overall CpG_4.5 CpG_19 Overall CpG_14.15.16 CpG_4.5 CpG_10.11
TNM stage Overall CpG_12.13 CpG_19 CpG_21 Overall CpG_14.15.16 CpG_18
Histological grade Overall CpG_4.5 CpG_19 CpG_20 Overall CpG_1.2 CpG_12.13
Receptor status CpG_8 CpG_20 Overall CpG_14.15.16 CpG_3 CpG_8
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methylation and diversity of some CpG sites in 
the two genes could represent the race-related 
biomarkers for breast cancer risk and develop- 
ment. 
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