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and HER2 indicate a poor prognosis
in breast cancer tissues with calcification
Xuemin Liu1, Yunsuo Zhang2
Department of General Surgery, Zhangjiagang TCM Hospital Affiliated to Nanjing University of Chinese Medicine,
Zhangjiagang, Jiangsu Province, China; 2Department of Breast Surgery, Zhenjiang No. 4 People’s Hospital,
Zhenjiang, Jiangsu Province, China
1

Received July 3, 2020; Accepted July 28, 2020; Epub October 15, 2020; Published October 30, 2020
Abstract: Objective: To study the expressions of Runt-related transcription factor 2 (RUNX2) and human epidermal
growth factor receptor 2 (HER2) in breast cancer tissues with calcification and their correlation with clinical features
and prognosis. Methods: A total of 712 breast cancer patients were selected for this prospective study, including
320 breast cancer patients with calcified foci (Calcification group) and 392 breast cancer patients without (Noncalcification group). The expression levels of RUNX2 and HER2 were detected and quantified by immunohistochemical staining and qRT-PCR after surgery. Furthermore, the correlation between their expression level and the clinical
features and prognosis of patients with breast cancer with calcification were analyzed. Results: The positive rates of
HER2 and RUNX2 expression in breast cancer patients with calcification were significantly higher than those without
(P<0.05). High grade; T category, M category, and N category were associated with the high mRNA expression levels
of RUNX2 and HER2 (P<0.05). The overall survival and disease-free survival of patients with positive expression of
RUNX2 and HER2 was notably lower than those of patients with negative expression (P<0.05). Conclusion: RUNX2
and HER2 were highly expressed in breast cancer patients with calcification, and as such they may be good biomarkers indicting a poor prognosis for patients with breast cancer.
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Introduction
Breast cancer is one of the most common
malignant tumors which threatens female health, it accounts for 11.4% of all newly diagnosed tumors and 6.6% of all death cases [1-3].
It has been reported that the incidence of
breast cancer rises every year and patients
trend to be young adults [4, 5]. Calcification is a
common feature in breast disease, and about
42.8% of breast cancer patients are diagnosed
with calcification [6]. Studies have shown that
breast calcification is an important imaging
indicator for the diagnosis of breast cancer and
one of the risk factors of breast cancer progression [7-9]. Chemotherapy has shown an effect
on calcified foci in breast cancer patients with
calcification, and whether the calcified foci
shrink or not after chemotherapy affects the
prognosis of patients [10].

Runt-related transcription factor 2 (RUNX2) is a
tissue-specific transcription factor found in
bone, it is important in bone metabolism and
participates in the formation of tissue calcification [11]. Recent studies have revealed that
RUNX2 overexpression in tumors is closely
related to tumor progression [12, 13]. For
example, RUNX2 is highly expressed in breast
cancer tissue and plays an important role in
bone metastasis in breast cancer [14], suggesting that high expression of RUNX2 promotes
breast cancer metastasis and affects prognosis. However, the relationship between the
expression level of RUNX2 and clinical-pathological characteristics and the prognosis is still
unclear, which makes it controversial whether
RUNX2 can be used as a molecular marker for
the diagnosis, treatment and prognosis in cancer research [15].
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Table 1. General and baseline data analysis between the calcification group and non-calcification group
Categories
Age (Year)
<50
≥50
BMI (kg/m2)
Pathological type
Insitu tumor
Invasive tumor
Tumor size (cm)
>3 cm
≤3 cm
TNM staging
I-II
III-IV
T category
T1-T2
T3-T4
N category
N0
N1
M category
M0
M1
Comorbidities
Hypertension
Type 2 diabetes
Hyperlipidemia

Calcification Non-calcification
group (n=320) group (n=392)

χ2

P

2.962

0.085

1.782

0.075

120
200
22.99±2.03

172
220
23.27±2.13

258
62

236
156

104
216

136
256

0.379

216
104

320
72

18.910 <0.001

200
120

304
88

19.300 <0.001

204
116

324
68

32.849 <0.001

272
48

362
30

9.749

0.002

90
78
76

113
89
90

0.043
0.274
0.062

0.837
0.601
0.804

34.585 <0.001

0.583

Note: BMI: Body mass index; TNM: tumor node metastasis.

Previous studied have demonstrated that the
expression level of human epidermal growth
factor receptor 2 (HER2), a tumor marker, can
predict the recurrence and prognosis of breast
cancer [16]. Therefore, we conducted this longterm follow-up study to investigate the relationship between the expression of RUNX2 and
HER2 and the clinical-pathological characteristics as well as the prognosis of breast cancer
patients with calcification.
Materials and methods
General data
Seven hundred and twelve patients with breast
cancer in the department of Gynecology of
Zhenjiang No. 4 People’s Hospital from March
2015 to July 2019 were recruited in this prospective study, including 320 breast cancer
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patients with calcified foci (Calcification group) and 392 breast
cancer patients without calcified foci (Non-calcification group). These patients were aged
from 26-70 years with an average age of 48.7±10.0 years old.
Informed consent was signed
by all patients. This study was
approved by the Ethics Committee of Zhenjiang No. 4 People’s Hospital.
Inclusion and exclusion criteria
Inclusion criteria: Patients met
the criteria of breast cancer
diagnosis and TNM staging referring to the Diagnosis and
Treatment of Breast Cancer of
the China Anti-Cancer Association (2019 edition) [17]; patients aged over 18 years old;
patients who had no radiotherapy or chemotherapy history
before surgery. Exclusive criteria: Patients without complete
clinical data; patients with severe heart, liver, kidney and
other diseases; patients with
mental disorders or cerebrovascular diseases who could
not cooperate with this study;
patients who could not be followed-up; and patients with
other cancers.

Methods
The qualitative analysis of HER2 and RUNX2 in
breast cancer tissues: Breast cancer tissues
were obtained from Zhenjiang No. 4 People’s
Hospital after the breast cancer surgery, which
were stored at -80°C. Then, the tissues were
embedded in wax and sectioned in a routine
method. The protein expression level of HER2
and RUNX2 was detected by a streptavidin-peroxidase method according to the procedures of
the kit (Shanghai Enzyme-linked Biotechnology
Co., Ltd., China). The percentage of positive
cells in 5 randomly selected fields * the staining degree was counted under a microscope.
The results were scored: ≤1% = 0 points; 2-10%
= 1 point; 11-50% = 2 points; 51-80% = 3
points; 81-100% = 4 points. The staining degree
was classified by negative (0 points), weak
positive (1-4 points), positive (5-7 points), and
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pre-denaturation at 94°C, 4 min,
95°C, 40 s, 60°C, 30 s, 72°C, 30 s,
35 cycles, and 72°C extension, 1 min.
The expression of mRNA was quantified by 2-ΔΔCT method. Glyceraldehyde3-phosphate dehydrogenase (GAPDH)
was the internal reference.

Table 2. Comparison of positive rate of RUNX2 and HER2
expression the calcification group and non-calcification
group
Categories
RUNX2
Positive
Negative
HER2
Positive
Negative

Calcification Non-calcification
group (n=320) group (n=392)
220
100

χ2

P

4.363

<0.03

240
152

Evaluation of patients’ survival: The
follow-up was conducted by outpatient
re-examination, hospitalization information inquiries, and telephone calls
from March 2015 to July 2019, whereas lost cases were eliminated from the
study. Overall survival (OS) was defined
as the time from the start of study
enrollment or chemotherapy to the
death of the patients. Disease-free
survival (DFS) was defined as the date
of pathological diagnosis to the last
point of follow-up or disease progression. The last follow-up date was July
18th, 2019.

30.570 <0.00
172
148

130
262

Note: RUNX2: Runt-related transcription factor 2; HER2: human epidermal growth factor receptor 2.

Table 3. Comparison of positive rate of HER2 expression
between RUNX2 positive and negative patients
Categories
HER2
Positive
Negative

RUNX2
RUNX2
positive (n=460) negative (n=252)

χ2

P

9.302 0.002
215
245

88
164

Note: RUNX2: Runt-related transcription factor 2; HER2: human epidermal growth factor receptor 2.

strong positive (8-12 points). The positive rate
(%) = (weak positive case + positive cases +
strong positive case) number/total case number * 100.
The relative quantification of HER2 and RUNX2
mRNA in breast cancer tissues: Total RNA of
breast cancer tissues was extracted using a
Trizol kit (Molecular Research Center, Cincinnati,
OH, USA), which was reverse transcribed into
cDNA via a reverse transcription kit (Fernentas,
Waltham, MA, USA). The reaction system (25
μL): SYBR premix (2x), 12.5 μL. Forward and
reverse primers were synthesized by Ruibiotech Company (Guangzhou, China). RUNX2
mRNA primers: 5’-ACCCACGAATGCACTATCCA-3’
and 5’-GCTTCCATCAGCGTCAACAC-3’; HER2
mRNA primers: 5’-GATCAACTGCACCCACTCCTGT-3’ and 5’-ACCAGCAGAATGCCAACCACC-3’;
internal reference GAPDH: 5’-GTCGTAGCAAACCACCAAGC-3’ and 5’-TGTGGGTGAGGAGCACATAG-3’. The PCR reaction system (50 μL): 1×
Taq man buffer, 3.5 mmol/L MgCl2, 200 μmol/L
dATP, dCTP, and dGTP, 400 μmol/L dUTP, 1.25
U AmpliTaq Gold, 0.5 U AmpErase UNG, fluorescent probe 20 nmol/L, 100 ng cDNA and corresponding templates. The reaction conditions:
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Statistical analysis

SPSS 17.0 (IBM SPSS Statistics, Chicago, IL,
USA) was used for the statistical analysis.
Quantitative data was
_ presented as mean ±
standard deviation ( x ± sd). If the data was in a
normal distribution with homogeneity of variance, it was analyzed by unpaired t-test (t), otherwise the data was processed by rank sum
test (Z). The comparison among multiple groups
was processed by one-way analysis of variance
(ANOVA) and Tukey post hoc test. The counting
data was presented as cases/percentage
(n/%), and the comparison between groups was
performed with a Pearson’s Chi-square test or
Fisher’s exact test (χ²). The survival rate was
analyzed by Kaplan-Meier method and Logrank test. P<0.05 indicated a statistically significant difference.
Results
Comparison of general and baseline data between breast cancer patients with or without
calcification
There was no statistical difference between the
two groups in terms of age, body mass index
(BMI), tumor size, and comorbidities (P>0.05).
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Table 4. Comparison of relative expression levels of RUNX2 and HER2 between the calcification group
and non-calcification group
Categories
Calcification group (n=320) Non-calcification group (n=392)
χ2
P
RUNX2 mRNA expression level
2.16±0.31
1.68±0.24
23.280 <0.001
HER2 mRNA expression level
1.25±0.41
1.03±0.38
7.416 <0.001
Note: RUNX2: Runt-related transcription factor 2; HER2: human epidermal growth factor receptor 2.

Table 5. Comparison of the mRNA expression of
RUNX2 and HER2 among breast cancer with calcification and different pathological features
Categories
Age (Year)
<50
≥50
t
P
Tumor size (cm)
>3 cm
≤3 cm
t
P
TNM staging
I-II
III-IV
t
P
T category
T1-T2
T3-T4
t
P
N category
N0
N1
t
P
M category
M0
M1
t
P

n

RUNX2 mRNA
HER2 mRNA
expression level expression level

120
200

2.14±0.34
2.17±0.30
0.823
0.411

1.26±0.43
1.24±0.39
0.427
0.670

104
216

2.16±0.44
2.15±0.42
0.196
0.844

1.27±0.45
1.23±0.38
0.830
0.407

216
104

1.86±0.32
2.42±0.54
11.602
<0.001

1.00±0.30
1.46±0.59
9.250
<0.001

2.01±0.37
2.24±0.49
4.754
<0.001

1.08±0.31
1.32±0.40
6.002
<0.001

204
116

1.81±0.41
2.54±0.59
13.620
<0.001

1.07±0.32
1.34±0.41
6.812
<0.001

272
48

1.87±0.36
2.56±0.57
11.072
<0.001

1.04±0.37
1.36±0.43
5.387
<0.001

200
120

Note: RUNX2: Runt-related transcription factor 2; HER2: human
epidermal growth factor receptor 2; TNM: tumor node metastasis.

TNM category, T category, N category, M category, and tumor types between the two groups
showed statistically significant difference (P<
0.05) (Table 1).
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Comparison of positive expression of RUNX2
and HER2 between breast cancer patients
with or without calcification
The positive rates of HER2 and RUNX2 in the
calcification group was significantly higher
than those in the non-calcification group
(P<0.05). Further analysis demonstrated that
the positive rate of HER2 expression in
RUNX2 positive patients was notably higher
compared with RUNX2 negative patients
(P<0.05) (Tables 2 and 3).
Comparison of relative expression levels of
RUNX2 and HER2 between breast cancer
patients with or without calcification
The mRNA expression level of RUNX2 and
HER2 in the calcification group was remarkably higher than those in the non-calcification
group (P<0.05) (Table 4).
Comparison of the mRNA expression levels
of RUNX2 and HER2 among breast cancer
patients with calcification and different
pathological features
There was no significant difference in the
mRNA expression levels of RUNX2 and HER2
in breast cancer tissues of patients with different ages and tumor sizes (P>0.05).
Whereas patients with high grades in TNM
staging, T category, M category, and N category had high mRNA expression levels of
RUNX2 and HER2 (P<0.05) (Table 5).
Multivariate Cox regression analysis of prognosis of breast cancer patients with calcification
The factors with statistically significant difference in univariate Cox regression analysis
were screened to proceed with multivariate
Cox regression analysis using the adverse
prognosis event as the dependent variable. The
data revealed that RUNX2 and HER2 expression levels as well as TNM staging, T category,
M category, and N category were independent
Int J Clin Exp Med 2020;13(10):7873-7880
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Table 6. Multivariate Cox regression analysis of prognosis of
breast cancer patients with calcification
Variables
Age
Tumor size
TNM staging
T category
N category
M category
RUNX2
HER2

b

Sb

χ2

P

0.702
0.526
0.826
0.765
0.658
0.578
0.495
0.266

1.622
0.684
0.264
0.342
0.312
0.264
0.127
0.078

1.624
2.698
4.862
9.532
8.213
7.135
8.135
5.108

0.156
0.524
0.038
0.000
0.002
0.007
0.003
0.017

95% CI
Upper bound Lower bound
0.075
47.265
0.169
2.068
1.521
3.886
1.113
4.136
1.045
2.878
1.074
2.965
1.269
2.109
1.126
1.532

Note: RUNX2: Runt-related transcription factor 2; HER2: human epidermal growth
factor receptor 2; TNM: tumor node metastasis; CI: confidence interval.

Comparison of OS among
RUNX2 and HER2 positive and
negative breast cancer patients with calcification
The OS of RUNX2 positive patients was 53.746 months
(95% CI: 52.051-55.440), which was significantly lower than 57.142 months of RUNX2
negative patients (95% CI:
55.643-58.640; χ2=5.102, P=
0.023). The OS of HER2 positive patients was 52.593 months (95% CI: 55.824-58.418),
which was considerably lower
than 57.121 months of HER2 negative patients (95% CI:
50.326-53.674) (χ2=11.420,
P<0.001) (Figure 1).
Comparison of DFS among
RUNX2 and HER2 positive and
negative breast cancer patients with calcification
The DFS of patients expressing
RUNX2 was 41.534 months
(95% CI: 31.129-42.871), which was notably lower than
45.230 months of RUNX2 negative patients (95% CI: 40.34042.728; χ2=10.120, P=0.002).
The DFS of patients expressing
HER2 was 41.345 months
(95% CI: 39.722-43.278), which was remarkably lower than
44.232 months of HER2 negative patients (95% CI: 41.03745.963; χ2=8.858, P=0.003)
(Figure 2).
Discussion

Previous studies have shown
that breast cancer patients with calcification displayed special pathological characteristics, including high malignancy
and poor tumor differentiation
[18]. Our study also uncovered
that TNM staging, T category, N category, and
M category of breast cancer patients with calcification are significantly different compared

Figure 1. Comparison of OS between positive and negative expression of
RUNX2 and HER2A. A. Comparison of OS between positive and negative
expression of RUNX2 in breast cancer patients with calcification; B. Comparison of OS between positive and negative expression of HER2 in breast
cancer patients with calcification. RUNX2: Runt-related transcription factor
2; HER2: human epidermal growth factor receptor 2; OS: overall survival.

risk factors that influenced prognosis among
breast cancer patients with calcification (P<
0.05) (Table 6).
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the calcification of breast cancer [22]. HER2 is known as an
indicator for the treatment and
prognosis of breast cancer
patients, whose expression is
positively correlated with TNM
staging, tumor size, and lymph
node metastasis [23]. It has
been reported that HER2 overexpression promotes tumor
cell proliferation and malignant
transformation [16]. HER2, similar with the estrogen receptor and progesterone receptor,
is overexpressed in breast tissue, which activates related
signaling pathways and leads
to tumor proliferation, increased invasion and metastasis
[24-26]. Our research further
demonstrated that with the
increase of TNM staging grade
or the development of lymphatic or distant metastases, the
expression levels of RUNX2
and HER2 were increased in
breast cancer tissues of patients with calcification, suggesting that the upregulation
of RUNX2 and HER2 was corFigure 2. Comparison of DFS between positive and negative expression of
related with the malignancy of
RUNX2 and HER2A. A. Comparison of DFS between positive and negative
breast cancer. The study of the
expression of RUNX2 in breast cancer patients with calcification; B. Comrelationship between RUNX2
parison of DFS between positive and negative expression of HER2 in breast
cancer patients with calcification. RUNX2: Runt-related transcription factor
and HER2 expression illustrat2; HER2: human epidermal growth factor receptor 2; DFS: disease-free sured that the positive rate of
vival.
HER2 expression in RUNX2
positive patients was signifiwith those of non-calcified breast cancer pacantly higher than that of RUNX2 negative
tients, indicating that breast cancer with calcifipatients; and the positive rate HER2 is positivecation is more malignant along with having
ly correlated with the positive rate of RUNX2.
lower differentiation.
Therefore, we suspected that RUNX2 positive
expression, the same as HER2 positive expresIn this study, we found that the expression levsion, may be related to the prognosis of the
els of RUNX2 and HER2 were significantly highpatient.
er in breast cancer patients with calcification
than those of patients without calcification.
In addition, we also found that patients with
RUNX2 is a transcription factor that regulates
high expression of RUNX2 or HER2 have shortbone differentiation and participates in the
er OS and DFS compared with patients with low
formation of tissue calcification. It can also
expression, thus high expression of RUNX2 or
enhance the activity of osteopontin (OPN) proHER2 may indicate poor prognosis. Previous
moter and promote malignant lesions of the
studies have found that the expression of
breast [19-21]. RUNX2 upregulation in breast
RUNX2 in breast cancer tissues is negatively
cancer patients with calcification suggests that
correlated with ER, indicating that RUNX2 may
RUNX2 may play an important regulatory role in
be related to the occurrence and progression of
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ER-negative breast cancer patients [27]. RUNX2 expression is positively correlated with low
histological grade, high tumor stage, and high
HER2 expression level, suggesting that high
expression of RUNX2 in breast cancer tissues
indicates a poor prognosis [28]. Another study
has reported that high expression of RUNX2 is
negatively correlated with the OS and DFS of
patients, and high expression of RUNX2 is an
independent risk factor of the prognosis of
breast cancer patients [29]. In addition, RUNX2
promotes the development and metastasis of
tumors through epithelial-mesenchymal transition (EMT), which easily occurs in non-Luminal
type A breast cancer [30]. Approximately 65%75% of advanced breast cancers have bone
metastases. Breast cancers with high expression of Runx2 have high bone metastasis
potential, leading to a poor prognosis [31].
Studies have revealed that high expression of
HER2 plays an important role in lymph node
metastasis, metastasis relapse and poor prognosis of breast cancer [32]. Breast cancer
patients with HER2 upregulation demonstrate
a shorter survival rate due to high potential of
tumor invasion and recurrence after surgery
[33, 34].
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