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Background: To explore the diagnostic value of epidermal growth factor receptor (EGFR) and structural 
maintenance of chromosome protein 4 (SMC4) for triple-negative breast cancer.
Methods: A total of 213 breast cancer patients were selected and divided into triple-negative breast 
cancer (100 cases) and non-triple-negative breast cancer (113 cases) according to the expression of estrogen 
receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2). Patient 
information including age, body mass index (BMI), smoking history, drinking history, menopause, tumor 
classification, lymph node metastasis, distant metastasis, clinical stage, and EGFR and SMC4 expression were 
collected for all subjects. Logistic regression analysis was then used to evaluate the risk factors for triple-
negative breast cancer. The ROC curve was also used to evaluate the clinical value of EGFR and SMC4 in 
the diagnosis of triple-negative breast cancer.
Results: Logistic regression analysis showed that high expression of SMC4 and high expression of EGFR 
were both risk factors for triple-negative breast cancer, with an odds ratio (OR) of 1.72 and 1.56, respectively 
(both P<0.05). ROC curve analysis results showed that the areas under the curve with high SMC4 expression 
and high EGFR expression for the diagnosis of triple-negative breast cancer were 0.84 and 0.78, respectively.
Conclusions: High expression of SMC4 and EGFR is significantly correlated with triple-negative breast 
cancer, and can be used as an auxiliary diagnostic indicator for triple-negative breast cancer.
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Introduction

Breast cancer is the most common type of cancer in women. 
The latest data show that approximately 2.08 million 
patients are diagnosed with breast cancer every year, and 
as many as 626,000 patients die of breast cancer every year 
(1,2). Breast cancer can be divided into triple-negative breast 
cancer and non-triple-negative breast cancer according to 
the expression status of 3 receptors: estrogen receptor (ER), 
progesterone receptor (PR), and human epidermal growth 
factor receptor 2 (HER2) (3). The clinical features of triple-
negative breast cancer include early-onset, a high degree of 
malignancy, and poor prognosis (4,5).

Structural maintenance of chromosome protein 
4 (SMC4) is involved in maintaining the stability of 
chromosome structure and the mitosis of eukaryotic cells (5). 
A high expression level of SMC4 is often associated with 
the malignant proliferation and expansion of tumor cells (6).  
Studies have also found that a high expression level of 
SMC4 is related to the reduced survival rate of patients with 
colorectal cancer (7). Epidermal growth factor receptor 
(EGFR) is involved in regulating cell differentiation 
and proliferation (8). Studies have shown that EGFR 
is frequently overexpressed in lung cancer, liver cancer, 
prostate cancer, and other cancers, suggesting its clinical 
significance (9-11). The occurrence and development of 
breast cancer are closely related to age and the level of sex 
hormones in the body (3,4). Previous studies have explored 
the diagnostic value of EGFR and SMC4 for breast cancer 
in elderly women (over 60 years of age) (11). However, 
the impact of whether young women and patients are 
menopausal is not fully considered. This study aims to 
explore the diagnostic value of EGFR and SMC4 for triple-
negative breast cancer in middle-aged and elderly female 
patients. We present the following article in accordance 
with the STARD reporting checklist (available at http://
dx.doi.org/10.21037/gs-21-119).

Methods

Research subjects

A total of 213 breast cancer patients who were hospitalized 
in our hospital from January 2016 to January 2020 
were selected. Inclusion criteria: (I) female patients 
who were hospitalized in our hospital for breast cancer 
surgery from January 2016 to January 2020; (II) all 
cases had clear pathology (ER, PR, HER2) results and 

immunohistochemistry results from our hospital. The 
study conformed to the provisions of the Declaration of 
Helsinki (as revised in 2013). The study was approved 
by the ethics committee of Sichuan Academy of Medical 
Sciences & Sichuan Provincial People’s Hospital (No. 
ChiECRCT20190184), and all research subjects voluntarily 
signed an informed consent form.

Study methods

Clinical information including clinical data, laboratory 
examination results, pathological examination results, 
immunohistochemical results, age, body mass index (BMI), 
smoking history, drinking history, menopause, tumor 
classification, lymph node metastasis, distant metastasis, 
clinical stage, and ER, PR, and HER2 status, as well as 
EGFR and SMC4 mRNA expression were collected for all 
the patients.

The tumor tissues obtained during surgery were frozen in 
liquid nitrogen, and the expression of SMC4 in tumor tissues 
and cells was determined by quantitative real-time PCR. 
According to The Cancer Genome Atlas (TCGA) database, 
SMC4 expression level above the median was designated as 
high SMC4 expression, and SMC4 expression level below 
the median was designated as low SMC4 expression.

EGFR expression levels were determined from paraffin-
embedded cancer tissue sections. Specifically, if the staining 
intensity score of cellular EGFR in the tissue times the 
number of positive cells was ≥3 points, the sample was 
judged as EGFR overexpression, and was then recorded as 
EGFR (+). On the other hand, if the staining intensity score 
of EGFR times the number of positive cells was ≤2 points, 
the sample was judged as non-EGFR overexpression, and 
was then recorded as EGFR (−), as shown in Figure 1.

Statistical analysis

Normally distributed data were expressed as mean ± 
standard deviation, and the difference between the 2 
groups was determined using a t-test. The χ2 test was used 
to compare count data. Logistic regression analysis was 
used to evaluate the risk factors of triple-negative breast 
cancer. A receiver operating characteristic (ROC) curve 
was used to evaluate the value of EGFR and SMC4 in 
the diagnosis of triple-negative breast cancer. P<0.05 was 
considered statistically significant. All statistical analyses 
were performed with SPSS 22.0.
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Results

Comparison of various indicators between patients with 
triple-negative breast cancer and non-triple-negative 
breast cancer

The proportions of patients with menopause, breast cancer 
(T2-T4), clinical stages ranging from I-II, high SMC4 
expression, and high EGFR expression in the triple-negative 
breast cancer group were significantly higher than those in 
the non-triple-negative breast cancer group (all P<0.05). The 
proportions of patients with breast cancer (T1), clinical stages 
III-IV, low SMC4 expression, and low EGFR expression 
were significantly lower in the triple-negative breast cancer 
group than those in the non-triple-negative breast cancer 
group (all P<0.05). There were no significant differences 
in age, BMI, smoking rates, and alcohol consumption rates 
between the 2 groups (all P>0.05), as shown in Table 1.

Analysis of risk factors for triple-negative breast cancer

Among the breast cancer patients with high SMC4 

expression, triple-negative breast cancer patients accounted 
for 65.4%, and among the breast cancer patients with high 
EGFR expression, triple-negative breast cancer patients 
accounted for 62.3%. Logistic regression analysis showed 
that high expression of SMC4 and high expression of EGFR 
were both risk factors for triple-negative breast cancer with 
an odds ratio (OR) of 1.72 and 1.56, respectively, (P<0.05) 
as shown in Table 2.

Analysis of the diagnostic efficacy of SMC4 and EGFR for 
triple-negative breast cancer

ROC curve analysis was performed for all patients. The 
results showed that the areas under the curve with SMC4 
high expression and EGFR high expression as variables 
were 0.84 and 0.78, respectively. Logistic regression 
analysis was then used to assess the diagnostic efficacy 
with combined high SMC4 expression and high EGFR 
expression as the predictor. The AUC of the combined 
detection model for the diagnosis of triple-negative breast 
cancer was 0.92, which was better than individual predictors 

Figure 1 Stain detection of EGFR in triple-negative breast cancer tissues. (A,B) EGFR negative (the number of positive cells was less than 
or equal to 2 points. A: 20×; B: 40×). (C,D) EGFR positive (the number of positive cells was more than 3 points. C: 20×; D: 40×). EGFR, 
epidermal growth factor receptor.
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as shown in Table 3 and Figure 2.

Discussion

Breast cancer is the most common malignant tumor in 
women. Although the mortality rate of breast cancer has 
reportedly decreased since 1989, this decreasing trend has 
recently slowed down (12). Therefore, new prevention and 
treatment strategies for breast cancer are in urgent need of 
research and development.

SMC4 is highly expressed in a variety of cancers, 

including glioma, colorectal cancer, and hepatocellular 
carcinoma (13-15). Sq25 is the gene locus of SMC4, which 
showed a high level of DNA amplification for relapsed 
breast cancer cell lines (16). Consistent with our findings, 
SMC4 expression is up-regulated in patients with triple-
negative breast cancer. Up-regulated SMC4 can increase 
the sensitivity of Cdk1 to drive the densifications of 
chromosomes during mitosis and increase the proliferation 
and dedifferentiation of cancer cells (17). This explains 
the higher expression of SMC4 in triple-negative breast 
cancer with higher malignancy. At the same time, the high 

Table 1 Comparison of various indicators between patients with triple-negative breast cancer and non-triple-negative breast cancer

Variable Non-triple-negative breast cancer (N=113) Triple-negative breast cancer (N=100) P value

Age (year) 55.4±4.3 51.6±5.1 0.117

BMI (kg/m2) 24.9±4.2 25.3±2.7 0.221

Menopause (n, %) 61 [53.4] 52 [52] 0.004

Smoking (n, %) 17 [15.0] 10 [10] 0.07

Drinking (n, %) 21 [18.6] 17 [17] 0.312

Tumor classification (n, %)

T1 67 [59.3] 43 [43] 0.012

T2–T4 46 [40.7] 57 [57] 0.037

Lymph node metastasis (n, %) 21 [18.6] 17 [17] 0.091

Distant metastasis (n, %) 11 [81.4] 6 [6] 0.121

Clinical stage

I–II 82 [72.6] 90 [90] 0.002

III–IV 31 [27.4] 10 [10] 0.004

SMC4 expression (n, %)

Low expression 77 [68.1] 32 [32] 0.007

High expression 36 [31.9] 68 [68] 0.006

EGFR expression (n, %)

Low expression 69 [61.1] 27 [27] <0.0001

High expression 44 [38.9] 73 [73] <0.0001

BMI, body mass index; SMC4, structural maintenance of chromosome protein 4; EGFR, epidermal growth factor receptor.

Table 2 Correlation analysis between SMC4, EGFR, and triple-negative breast cancer risk

Variable OR value 95% CI P value

SMC4 high vs. SMC4 low 1.72 1.23–1.93 0.0004

EGFR high vs. EGFR low 1.56 1.34–1.87 <0.0001

SMC4, structural maintenance of chromosome protein 4; EGFR, epidermal growth factor receptor.
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Table 3 Analysis of the diagnostic efficacy of SMC4 and EGFR for triple-negative breast cancer

Variable AUC (95% CI) Sensitivity/% Specificity/%

SMC4 high 0.84 (0.57–0.91) 85.13 47.22

EGFR high 0.78 (0.49–0.82) 75.06 82.77

Combined model 0.92 (0.77–0.96) 86.51 83.29

SMC4, structural maintenance of chromosome protein 4; EGFR, epidermal growth factor receptor.

Figure 2 ROC curve of high SMC4 and EGFR expression for the 
diagnosis of triple-negative breast cancer. ROC, receiver operating 
characteristic; SMC4, chromosome protein 4; EGFR, epidermal 
growth factor receptor.

expression of SMC4 may increase double-stranded DNA 
breaks by enhancing the effect of topoisomerase II (18,19) 
which leads to mutations and mismatches, resulting in 
chromosomal rearrangements in breast epithelial cells (20).  
Studies have confirmed that overexpression of SMC4 
can activate the JAK2/STAT3 and TGFβ/Smad signaling 
pathways, and promotes the invasiveness of cancer cells (21).  
Previous studies have shown that in ER-positive breast 
cancer, PLK1 can increase endoplasmic reticulum 
transcription activity and associated cell invasion (15,16). It 
has also been shown that the high expression of SMC4 can 
promote the up-regulation of PLK1 (17). These findings 
may suggest that SMC4 has a certain correlation with the 
progression and prognosis of breast cancer, and SMC4 
may become an independent predictive prognostic factor 
and therapeutic target. Studies have also suggested that the 
potential mechanism of SMC4-associated cell invasiveness 
may be derived from the PI3K/AKT signaling pathway, and 
the expression level of SMC4 can affect the activation of 
this pathway (18). The PI3K/AKT signaling pathway plays 
an important role in tumor cell proliferation, migration, 
invasion, and other aspects (19). The activation of PI3K can 

lead to the production of phosphatidylinositol 3-phosphate 
(PIP3) in the plasma membrane, which combined with AKT 
can activate PIP3 catalytic activity and thus participate in the 
regulation of cell growth, proliferation, and apoptosis (20).  
When the expression of SMC4 is down-regulated, the 
activation of the PI3K/AKT signaling pathway may be 
deactivated, and the proliferation, migration, and invasion 
of breast cancer cells may therefore be inhibited.

It has been shown that during the occurrence and 
development of cancer, the signal transduction pathway 
mediated by EGFR plays an important role (22). An increasing 
number of studies have shown that EGFR is overexpressed 
in a variety of human malignant tumor tissues (23).  
Cohort studies have also found that patients with EGFR 
overexpression in tumor tissues tend to have a shorter tumor 
recurrence time, a higher recurrence rate, and a shorter 
survival period (24). Therefore, the specific high expression 
of EGFR in malignant tumors provides opportunities for 
early diagnosis and prevention of triple-negative breast 
cancer. Similar to a previously report by Bhola et al. in which 
the high expression rate of EGFR was (46–71%) in triple-
negative breast cancer, the high expression rate of EGFR in 
triple-negative breast cancer patients in this study was 73%, 
which was also verified by its effective diagnostic values for 
triple-negative breast cancer. The underlying mechanism 
may be that the EGFR signal transduction pathway induces 
cell malignancy, which mediates the proliferation and 
invasion of tumor cells and the growth and expansion of 
tumor-associated blood vessels (22). Furthermore, it has 
been suggested that with the progression of triple-negative 
breast cancer, the mediating role of EGFR is continuously 
strengthened by positive feedback, thus accelerating the 
progression of the disease (23).

In summary, the expression levels of SMC4 and EGFR 
in patients with triple-negative breast cancer and those 
with non-triple-negative breast cancer are significantly 
different. High expression levels of SMC4 and EGFR are 
risk factors for the occurrence of triple-negative breast 
cancer. Furthermore, the combined detection of SMC4 and 
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EGFR can improve the accuracy of diagnosis and provide 
important supporting evidence for the early diagnosis of 
triple-negative breast cancer.
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