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Abstract: Background: Breast cancer (BC) is the most common malignant tumor in women, and its morbidity and mortality are increasing each year, due to the lack of specific clinical symptoms in the early stage of BC, and the lack of diagnostic methods for early breast cancer. Therefore, identifying an effective diagnostic method for early BC has become urgent. Materials and Methods: Breast lesions with a histological diagnosis that were examined by ultrasonic elastography (UE) in our department from June 2020 to December 2021 were reviewed. qRT-PCR was performed to measure the expression levels of miR-144-5p and miR-26b-5p in the plasma of patients with BC. The receiver operating characteristics (ROC) curve and area under the curve (AUC) were used to investigate the potential diagnostic value of miR-144-5p, miR-26b-5p and the elastographic score in BC. Results: The ultrasonic elastography score(UES) was found to be significantly upregulated in BC compared with that in benign breast lesions, and the AUC, sensitivity and specificity were 0.809, 0.717 and 0.806 for distinguishing BC from benign breast lesions, respectively. miR-144-5p and miR-26b-5p were found to be upregulated in the plasma of BC patients, and miR-144-5p+miR-26b-5p had 0.781 sensitivity and 0.780 specificity for the diagnosis of BC. Furthermore, we found that the diagnostic performance of miR-144-5p and miR-26b-5p combined with UES for BC had 0.913 sensitivity and 0.890 specificity. Conclusions: The combination of plasma miR-144-5p, miR-26b-5p and UES has a very high clinical application value for the early detection of BC.
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1  Introduction

Breast cancer (BC) is one of the most common malignancies and is the leading cause of cancer-associated mortality in women worldwide [1,2]. BC is classified into five subtypes according to its histology and molecular characteristics (i.e., luminal-A and B, normal-like(normal), triple negative and Her-2 positive), which promote the assessment of its prognosis and the adoption of effective treatment strategies [3].

Although remarkable progress in treating BC has been achieved in recent decades, the rate of 5-year overall survival (OS) rate has not improved significantly. Therefore, identifying an effective diagnostic method for early BC has become urgent.

The concept of ultrasonic elastography (UE) was first proposed by Ophir et al. in 1991 [4]. It is an ultrasonic technology used to evaluate the hardness and elasticity of biological tissues. Recently, an increasing number of studies have reported that UE is highly sensitive and specific for differentiating benign and malignant tumors and it is a potential effective method for diagnosing BC [5,6].

MicroRNAs (miRNAs), a class of functional noncoding RNAs of approximately 18–25 nucleotides (nt), have been reported to be involved in the initiation and progression of several types of cancers [7–9]. In recent years, miRNAs have emerged as effective biomarkers for the early detection of some malignancies. For example, Huang et al. [10] reported that plasma miRNA-92a and miR-29a are dysregulated in colorectal cancer and could act as effective biomarkers for the early diagnosis of colorectal cancer. Zhao et al. [11] used a miRNA screening analysis of plasma samples from patients with BC, and miRNA-19b, miR-16 and miR-106a were identified as diagnostic biomarkers of BC.

In this study, we comprehensively evaluated the value of UE and plasma miRNAs in patients with BC, aiming to identify a new and effective method for the early detection of BC.

2  Materials and Methods

2.1 Patients

The subjects of this study were 82 patients with breast lesions who were hospitalized in Nanjing First Hospital from June 2020 to December 2021. The mean age of these patients was 46 ± 8.8 years (range from 21 to 68 years). Patients with a breast mass of less than 3 cm in diameter were recruited for this study. All masses of these patients were diagnosed as BI-RADS 4 by conventional ultrasound through the US Breast Imaging Reporting and Data System (BI-RADS) criteria [12]. None of the patients underwent puncture biopsy, breast-related surgery, radiotherapy or chemotherapy before receiving an ultrasound examination, and all had pathological results available from breast biopsy or surgically removed tissue. Blood samples were collected from these patients and 30 healthy controls who had no history of any type of tumor. Written informed consent was obtained from all of the participants in this study.

2.2 Ultrasound Examination

Samsung WS80A ultrasonic equipment (Samsung Medison, Seoul, Korea) was used for ultrasonic elastic imaging in this study, and the probe frequency was 9~13.5. The patients were lying in the supine or lateral position during the exam.

The ultrasound examination was completed by two experienced ultrasound experts. Before ultrasonic elastography, the breast of the subject was scanned comprehensively with conventional ultrasound, the target lesion was observed in multiple sections, and its location, shape, size and internal echo characteristics were recorded. After routine scanning was completed, the elastic imaging program was applied, including the lesion and surrounding tissues in the elastic imaging sampling frame. The sampling frame area was made larger than the lesion area by adjusting the ultrasonic section and the size of the sampling frame. In this study, the elasticity of the breast masses was scored with a 5-point method. Most or the whole lesion was green, 1 point; the periphery of the lesion was green and the center was blue, 2 points; the red and green colors had similar proportions, 3 points; the whole lesion was blue or accompanied by a small amount of green, 4 points; the lesion and surrounding tissue were blue, or accompanied by a small amount of green, 5 points. Among them, breast lesions with 1–3 points were categorized as benign, while breast lesions with 4–5 points were categorized as malignant.

2.3 Blood Collection and RNA Extraction

Blood samples (5 ml) from 82 breast lesions and 30 healthy controls were obtained by using ethylene diamine tetraacetonitrile acid (EDTA)-treated blood collection tubes. The blood samples were centrifuged at 1500 × g for 5 min at 4°C, and the supernatant was then transferred into RNA-free EP tubes and stored at −80°C for further analysis. Total miRNA was extracted by using a miRcute Serum/Plasma miRNA Isolation Kit (TIANGEN, Beijing, China) according to the manufacturer’s instructions.

2.4 miRNA qRT-PCR Analysis

Total plasma RNA was employed to prepare miRNA first-strand cDNA using a miRcute plus miRNA first-strand cDNA kit following the manufacturer’s instructions. A miRcute plus miRNA qPCR kit was used for qPCR analysis. Cel-miR-39 was used as an external control for normalization, and the results were analyzed using the 2−ΔΔCt method.

2.5 Statistical Analysis

All statistical analyses were conducted by using SPSS 25.0, and the data are presented as the mean ± SD. An independent samples Mann–Whitney U test and t test were performed accordingly. The receiver operating characteristics (ROC) and area under the curve (AUC) were used to assess the potential role of miR-144-5p, miR-26b-5p and the elastographic score as diagnostic markers, and p < 0.05 was considered statistically significant.

3  Results

3.1 Pathological Results of the Breast Lesions

A total of 82 patients with breast lesions were included in this study, all of whom were women. According to the pathological results, Table 1 shows that among the 82 breast lesions, 36 were benign masses, consisting of 22 fibromas, 10 intraductal papillomas, and 4 cysts. There were 46 cases of malignant tumors, including 22 cases of noninvasive carcinoma, 13 cases of early invasive carcinoma, and 11 cases of invasive carcinoma.
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3.2 Ultrasonic Elastography Score

The elasticity score of the 82 breast lesions is shown in Fig. 1: 10 patients had an elastographic score of 2, 32 patients had an elastographic score of 3, 36 patients had an elastographic score of 4, and 4 patients had an elastographic score of 5.
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Figure 1: Elasticity score distribution of breast lesions

3.3 The Value of Ultrasonic Elastography Score in the Diagnosis of BC

Our study showed that the average value of the ultrasonic elastography score (UES) of benign breast lesions was 2.91 ± 0.69, and the average value of the UES of malignant breast lesions was 3.80 ± 0.58. The difference between the two groups was statistically significant (Table 2). Representative images of ultrasonic elastography of benign and malignant breast lesions are shown in Fig. 2. To further explore the value of UES in the diagnosis of BC, ROC curve analysis was employed and showed that the AUC was 0.809 (95% CI: 0.714–0.904) (p < 0.001), with a sensitivity of 0.717 and specificity of 0.806 (Fig. 3), indicating that UES has significant clinical significance in the differentiation of benign and malignant breast lesions.
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Figure 2: Representative images of ultrasonic elastography of benign and malignant breast lesions. (A) This breast lesion scores 2 points with the 5-point method: (left) the image of conventional ultrasound, (right) the image of ultrasonic elastography. (B) This breast lesion scores 4 points with the 5-point method: (left) the image of conventional ultrasound, (right) the image of ultrasonic elastography
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Figure 3: ROC curve analysis results for UES

3.4 Expression Profiling of miRNAs in Whole Blood Samples of BC and Healthy Controls

A miRNA microarray of blood samples from 6 BC patients and 6 healthy controls was downloaded from the GEO database (GSE83270) and identified 171 differentially expressed miRNAs in BC patients by using a fold change (FC) ≥2 and p < 0.05 as the threshold. The heatmap shown in Fig. 4 consists of 8 upregulated miRNAs and 2 downregulated miRNAs with the most obvious differences. The expression levels of these 10 abnormally expressed miRNAs (let-7, g-5p, miR-20b-5p, miR-26b-5p, miR-32-5p, miR-144-5p, miR-190a-5p, miR-204-5p, miR-211-5p, miR-301a-3p, and miR-454-3p) in the peripheral blood of BC and healthy controls are shown in Fig. 5, among which miR-144-5p and miR-26b-5p, with the most obvious difference, were selected for further study.
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Figure 4: Heatmap of 10 differentially expressed blood miRNAs in BC patients (n = 6) and healthy controls (n = 6) from GSE83270
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Figure 5: The expression levels of the 10 miRNAs in BC patients (n = 6) and healthy controls (n = 6) from GSE83270. (A) let-7g-5p, (B) miR-20b-5p, (C) miR-26b-5p, (D) miR-32-5p, (E) miR-144-5p, (F) miR-190a-5p, (G) miR-204-5p, (H) miR-211-5p, (I) miR-301a-3p, (J) miR-454-3p

3.5 Expression Levels of miR-144-5p and miR-26b-5p in the Plasma of Participants

To further explore the clinical value of miR-144-5p and miR-26b-5p in the diagnosis of BC, we detected the expression levels of miR-144-5p and miR-26b-5p in the plasma of 82 patients with breast lesions and 30 healthy controls. The results showed that the expression levels of miR-144-5p in the plasma of the BC group, breast benign lesion group and healthy control group were 2.98 ± 1.80, 1.44 ± 0.75, and 1.20 ± 0.59, respectively, and the expression levels of miR-26b-5p in the plasma of the BC group, benign breast lesion group and healthy control group were 2.52 ± 1.59, 1.28 ± 0.63, and 1.12 ± 0.39, respectively. The plasma miR-144-5p and miR-26b-5p in the BC group were significantly upregulated compared with those in the benign breast lesion groups, while there were no significant differences between the benign breast lesion group and the healthy control group (Figs. 6A and 6B). The expression levels of miR-144-5p and miR-26b-5p in the breast cancer group were significantly higher than those in the non-BC group (benign breast lesion group and healthy control group) (Figs. 6C and 6D).
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Figure 6: Plasma miR-26b-5p and miR-144-5p expression levels in the breast cancer group (n = 46), benign breast lesion group (n = 36), healthy control group (n = 30) and nonbreast cancer group (n = 66). (A, B) Plasma miR-26b-5p (A) and miR-144-5p (B) expression levels in the healthy control group, benign breast lesion group and breast cancer group. (C, D) Plasma miR-26b-5p (C) and miR-144-5p (D) expression levels in the nonbreast cancer group and breast cancer group

3.6 The Role of Plasma miR-144-5p and miR-26b-5p in the Diagnosis of BC

To further investigate the diagnostic value of plasma miR-144-5p and miR-26b-5p in BC, the ROC curve method was used and showed that the AUC of miR-144-5p in diagnosing BC was 0.763 (95% CI: 0.642–0.851) (p < 0.001). When the cutoff value was 1.462, the Youden index was the highest, the sensitivity was 0.804, and the specificity was 0.590. We also found that the AUC of miR-26b-5p for the diagnosis of BC was 0.747 (95% CI: 0.658–0.868) (p < 0.001). When the cutoff value was 1.305, the Youden index was the highest, and its sensitivity was 0.761 and the specificity was 0.640. It was also found that the AUC of miR-144-5p combined with miR-26b-5p (miR-144-5p+miR-26b-5p) for the diagnosis of BC was 0.832 (95% CI: 0.744–0.919) (p < 0.001), and its sensitivity and specificity for the diagnosis of BC were 0.781 and 0.780, respectively (Fig. 7), indicating that the value of plasma miR-144-5p combined with miR-26b-5p for the diagnosis of BC was greater than either alone.
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Figure 7: ROC curve analysis results for miRNA-26b-5p, miR-144-5p and their combination

3.7 The Value of miR-144-5p, miR-26b-5p Combined with UES in the Diagnosis of BC

To further explore the value of plasma miRNAs and UES in the diagnosis of BC, ROC curve analysis was performed and found that the AUC of miR-144-5p and miR-26b-5p combined with UES (miR-144-5p+miR-26b-5p+UES) for the diagnosis of BC was 0.934 (95% CI: 0.879–0.988) (p < 0.001), with a sensitivity of 0.913 and a specificity of 0.890 (Fig. 8), suggesting that miR-144-5p+miR-26b-5p+UES is an effective indicator for the early detection of BC.
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Figure 8: ROC curve analysis results for UES, miRNA-26b-5p, miR-144-5p and their combination

4  Discussion

Imaging is currently the main method used for diagnosing breast lesions, among which ultrasound and mammography are the most commonly used for detecting BC. However, the sensitivity and specificity of mammography for the early detection of BC are unsatisfactory. Conventional ultrasound has emerged as a critical examination method for the clinical diagnosis of breast lesions, with high sensitivity when using the Breast Reporting and Data System (BI-RADS); however, due to the lack of specificity of conventional ultrasound, it performs poorly in differentiating benign and malignant breast lesions [13,14].

In recent years, some UE imaging methods have been used in clinical applications, such as touch elasticity imaging, shear wave elastography and strain elastography [15], and have exhibited good efficacy in differentiating benign and malignant breast lesions [16–18]. In our study, a total of 82 patients with breast lesions were included, among which 42 patients had elastographic scores of less than 4, and 40 patients had elastographic scores of more than 4. To investigate the clinical value of UE in BC, ROC curve analysis was employed and showed that the AUC was 0.809 (95% CI: 0.714–0.904) (p < 0.001), with a sensitivity of 0.717 and a specificity of 0.806, indicating that UES has significant potential for the early detection of BC.

Some miRNAs can be secreted into blood, cerebrospinal fluid, urine and saliva and have been reported to be potential diagnostic biomarkers of cancers [19,20]. Urabe et al. [21] measured the expression levels of circulating miRNAs in patients with urothelial carcinoma(UC), and identified miR-1343 and miR-6087 as effective biomarkers for UC. Itani et al. [22] detected 12 miRNAs in plasma samples from patients with breast lesions and developed a signature consisting of 4 miRNAs (miR-145/miR-425-5p/miR-139-5p/miR-130a), which is expected to be a useful marker for the early detection of BC.

In this study, we found that miR-144-5p and miR-26b-5p expression levels in the plasma of patients with BC were significantly higher than those of patients with benign breast diseases, while there was no significant difference in the expression levels of miR-144-5p and miR-26b-5p between the benign breast lesion group and the healthy control group. Moreover, by using ROC curve analysis, we found that the AUC for miR-144-5p to diagnose AUC was 0.763, with sensitivity 0.804 and specificity 0.590, and the AUC for miR-26b-5p to diagnose BC was 0.747, with sensitivity 0.761 and specificity 0.640. It was also found that the AUC of miR-144-5p combined with miR-26b-5p (miR-144-5p+miR-26b-5p) for the diagnosis of BC was 0.832, and its sensitivity and specificity for the diagnosis of BC were 0.781 and 0.780, respectively, suggesting that plasma miR-144-5p combined with miR-26b-5p could be used as potential biomarkers for the early detection of BC.

Furthermore, to investigate the role of plasma miRNAs and UES in the diagnosis of BC, ROC curve analysis was performed and found that the AUC of miR-144-5p and miR-26b-5p combined with UES (miR-144-5p+miR-26b-5p+UES) in the diagnosis of BC was 0.934, with a sensitivity of 0.913 and a specificity of 0.890, revealing that miR-144-5p+miR-26b-5p+UES might be an effective indicator for the early detection of BC.

5  Conclusion

In summary, miR-144-5p and miR-26b-5p combined with UES have a very high clinical application value for the early detection of BC, with particularly high sensitivity and specificity for distinguishing benign and malignant breast lesions. Our study provides an effective method for the early detection of BC.
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Table 1: Histopathological results and percentage of breast lesions

Pathological type n Percent
Benign lesion 36 43.9%
Malignant lesions 46 56.1%
Total 82 100%
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Table 2: Comparison of ultrasonic elasticity score and histopathological results

Histopathological results UES
Benign lesion (n = 36) 291 +0.69
Malignant lesions (n = 46) 3.80 £0.58

p value <0.001
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