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Objective

To evaluate the diagnostic value of 3.0T high-resolution magnetic resonance imaging (3.0T HR-MRI), ultrasound imaging, and GATA3 protein expression in breast cancer (BC) and their prognostic implications.





Methods

A retrospective analysis of 143 BC patients was conducted. All patients underwent preoperative 3.0T HR-MRI and ultrasound examinations. Diffusion tensor imaging (DTI) parameters, including mean diffusivity (MD), fractional anisotropy (FA), radial diffusivity (Dr), and axial diffusivity (Da), were assessed. Ultrasound features such as tumor morphology, vascularity, and posterior acoustic characteristics were analyzed. Immunohistochemistry was performed to detect GATA3 expression, and correlations with imaging parameters and prognosis were evaluated.





Results

GATA3 expression was significantly associated with BC pathological subtypes ( x2= 26.59, P < 0.0001). Compared with the GATA3-negative group, GATA3-positive tumors exhibited lower FA but higher MD, Dr, and Da values (P < 0.05), suggesting more preserved tissue structure. Ultrasound analysis showed that GATA3-positive tumors had less vascularity, posterior attenuation, and irregular margins (P < 0.05). Poor prognosis was associated with higher FA and lower MD, Dr, and Da values (P < 0.0001), as well as more aggressive ultrasound features. ROC analysis demonstrated superior prognostic performance when combining GATA3 expression, MRI, and ultrasound parameters (AUC = 0.9695, sensitivity = 83.54%, specificity = 96.88%).





Conclusion

3.0T HR-MRI and ultrasound provide complementary insights into BC characteristics. GATA3 expression is associated with better prognosis, and their combined analysis enhances diagnostic accuracy and prognostic evaluation.
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1 Introduction

Breast cancer (BC) is one of the most common malignancies among women worldwide, with its incidence steadily rising in recent years (1). Statistics show that BC has become a leading cause of cancer-related mortality among women globally, particularly in developed countries and regions, where the incidence remains high (2). The onset and progression of BC are influenced by various factors, including genetics, environment, hormone levels, and lifestyle (3). Despite significant advances in early diagnosis and treatment, the heterogeneity and complexity of its different molecular subtypes present ongoing challenges in accurately assessing and predicting tumor progression (4).

Currently, the diagnosis of BC in clinical practice mainly relies on imaging examinations, histopathological analysis, and molecular marker detection (5). Imaging techniques include mammography, ultrasound (US), and magnetic resonance imaging (MRI), all of which play a critical role in detecting tumor size, shape, boundaries, and internal structure (6). However, the accuracy and sensitivity of a single imaging modality can be limited in certain cases. For example, US may miss small lesions or fail to detect abnormalities in patients with complex glandular structures, while mammography tends to have a lower detection rate in dense breast tissue (7). In comparison, 3.0T HR-MRI offers higher soft tissue resolution, enabling more precise visualization of the subtle structure and diffusion characteristics of breast tumors. Emerging techniques such as Diffusion Tensor Imaging (DTI) are particularly valuable for assessing the microstructure and biological behavior of tumor tissue (8).

Among molecular markers in BC, GATA3 expression has garnered significant attention in recent years. GATA3, a member of the GATA family of transcription factors, plays a crucial regulatory role in the differentiation of breast epithelial cells (9). Studies have shown that GATA3 expression is closely associated with molecular subtypes, clinicopathological features, and prognosis of BC. Specifically, high GATA3 expression in Luminal A and Luminal B subtypes is often correlated with a favorable prognosis, whereas low or absent expression may indicate higher tumor aggressiveness (10). Consequently, GATA3 expression serves as an important marker for molecular subtyping and prognosis in BC.

Although imaging examinations and molecular marker detection both have their advantages in diagnosing and prognosticating BC, the diagnostic efficacy of a single approach remains limited. 3.0T HR-MRI can accurately evaluate tumor size, shape, and boundaries, but it lacks the ability to directly reflect the molecular characteristics and biological behavior of the tumor (11). On the other hand, molecular markers such as GATA3 provide insights at the molecular level, but these tests typically require invasive tissue sampling and may not adequately capture the tumor’s spatial heterogeneity in real-time (12). Therefore, combining high-resolution imaging with molecular marker detection could offer a more comprehensive diagnostic approach, enhancing diagnostic accuracy and improving the precision of prognosis predictions.

Based on this, the present study conducted a multi-dimensional diagnostic and prognostic evaluation of BC patients by analyzing the associations among 3.0T HR-MRI, ultrasound imaging features, and GATA3 protein expression levels. The study aims to provide a more comprehensive and precise diagnostic foundation for clinical practice, optimize individualized treatment strategies for BC, and improve the accuracy of diagnosis and the scientific rigor of prognosis management, thereby offering solid theoretical support for clinical application.




2 Materials and methods



2.1 General data

A retrospective analysis was conducted on the clinical data of 143 female BC patients treated at our hospital between June 2020 and April 2023. Pathological tissue specimens were obtained either through surgical resection or ultrasound-guided biopsy, followed by immunohistochemistry to determine GATA3 protein expression.

Inclusion criteria: Patients who were confirmed as BC by surgery and had complete immunohistochemical data. All patients underwent 3.0T HR-MRI and ultrasound examinations within two weeks before surgery.

Exclusion criteria: Patients with incomplete clinical or pathological data, unclear imaging, or undefined parameters on 3.0T HR-MRI and ultrasound. Additionally, patients with multiple cancer foci, those not newly diagnosed, or those who had undergone adjuvant therapy, as well as patients with a history of other malignant tumors, and patients who did not consent to participate in the study, were excluded. A total of 143 patients were finally included in the study, with an average age of (55.30 ± 9.86) years.




2.2 Methods



2.2.1 Bioinformatics analysis

Relevant datasets, including GSE15852, GSE45827, and GSE0014, were obtained from the Gene Expression Omnibus (GEO) database to identify differentially expressed genes (DEGs) in BC by comparing BC samples with normal controls. KM-plotter was used to analyze survival data of differential genes. The Cancer Genome Atlas (TCGA) database was used to analyze the expression of GATA3 across various cancer types.




2.2.2 Clinical data

3.0T High-Resolution Magnetic Resonance Imaging: The imaging was performed using a GE 3.0T HMR scanner (GE Healthcare, USA) equipped with a 16-channel bilateral phased-array breast coil. The T1-weighted imaging (T1WI) sequence parameters were as follows: TR = 750.00 ms, TE = 9.00 ms, FOV = 14 mm, matrix = 512 × 512, slice thickness/spacing = 1 mm/0 mm, and imaging time = 110 s. The T2-weighted imaging (T2WI) sequence parameters were: TR = 2250.00 ms, TE = 80.00 ms, FOV = 14 mm, matrix = 512 × 512, slice thickness/spacing = 1 mm/0 mm, and imaging time = 138 s. For diffusion tensor imaging (DTI), the scan parameters were: 5 b-values (0, 500, 1000, 1500, and 2000 s/mm²), TR = 3900 ms, TE = 94 ms, FOV = 14 mm, matrix = 98 × 160, slice thickness/spacing = 1 mm/0 mm, and imaging time = 540 s. Upon completion of the scanning, the images were uploaded to a post-processing workstation for analysis by two radiologists. Key diffusion metrics, including mean diffusivity (MD), fractional anisotropy (FA), radial diffusivity (Dr), and axial diffusivity (Da), were measured and recorded. Each measurement was repeated three times, and the average value was taken for further analysis.

Ultrasound Examination: Ultrasound was performed using the CE LOGIQ E9 color Doppler ultrasound diagnostic instrument with a high-frequency linear array probe (frequency range: 814 MHz). The patient was positioned supine to expose both breasts and axillae, scanning included the breasts and draining lymph nodes. Static images of the longest axial and transverse sections of the lesion and dynamic videos of color Doppler flow signals were saved. Preoperative ultrasound was conducted by a physician with over seven years of experience to ensure image consistency. The selected two-dimensional ultrasound features included the longest lesion diameter, lesion boundary (clear/unclear), aspect ratio (<1/≥1), shape (regular/irregular), and posterior acoustic features (normal/attenuated/enhanced). Blood flow intensity was semi-quantitatively categorized into four levels: grade 0 (no blood flow), grade I (1–2 dot or short rod-shaped blood flow signals in the lesion), grade II (3–4 dot or rod-shaped blood flow signals or blood flow signals exceeding the lesion radius), and grade III (more than 4 large blood flow signals or the presence of network-forming blood flow). Grades 0-I were defined as low blood supply lesions, while grades II-III were defined as high blood supply lesions. Data were double-blind reviewed by two deputy chief sonographers, and disagreements were resolved through consultation.

Immunohistochemistry (IHC): GATA-3-positive cells exhibited staining localized to the nucleus, appearing as yellow-brown or dark-brown coloration. Any amount of nuclear staining in tumor cells was considered positive.

Definition of Recurrence: All patients were followed up after surgery via telephone, WeChat, or outpatient visits until December 2024. The definition of recurrence was based on the European Society for Medical Oncology (ESMO) Clinical Practice Guidelines (2019 edition) (13), including local recurrence, regional lymph node recurrence, or distant metastasis. All recurrence events were confirmed by clinical, radiological, and/or pathological evidence. Based on recurrence status during the follow-up period, patients were classified into a good prognosis group (no recurrence) and a poor prognosis group (with recurrence) for subsequent prognostic analysis.





2.3 Statistical methods

Statistical analysis was performed using SPSS 22.0. Measurement data following a normal distribution were expressed as mean ± standard deviation ( x̄ ± s) and analyzed using the t-test. Non-normally distributed data were expressed as median (Qmin, Qmax) and analyzed using the rank-sum test. Categorical data were expressed as n (%) and analyzed using the chi-square test. The diagnostic value of combined 3.0T HR-MRI, ultrasound, and GATA3 was evaluated using ROC curves. P < 0.05 was considered statistically significant.





3 Results



3.1 Screening of DEGs in breast cancer-related GEO datasets

This study conducted an analysis of DEGs in BC-related GEO datasets, as shown in Figure 1A. The datasets selected for the analysis included GSE15852, GSE45827, and GSE9014, where gene expression differences between BC samples and normal control groups were compared to identify significantly differentially expressed genes. The Venn diagram (Figure 1B) displays the DEGs that were consistently found across all three datasets, with a total of nine genes commonly identified, including RBP4, PCOLCE2, RGS1, GATA3, TF, CAV1, AKR1C3, MFAP5, and IGLV1-44. These genes exhibited significant differential expression in BC samples, suggesting their potential roles in the occurrence and progression of BC.

[image: Panel A displays three volcano plots comparing breast cancer (BC) with control groups for datasets GSE15852, GSE45827, and GSE9014. Each plot shows log2 fold change on the x-axis and negative log10 p-value on the y-axis, with significant downregulated genes in blue and upregulated genes in red. Panel B features a Venn diagram illustrating the overlap of differentially expressed genes among the three datasets, alongside a bar chart and a numeric summary indicating the size of each list and intersection.]
Figure 1 | Screening of Differentially Expressed Genes in BC-Related GEO Datasets. (A) The volcano plot illustrates the gene expression differences between BC samples and control groups in the GSE15852, GSE45827, and GSE9014 datasets. (B) The Venn diagram displays the common differentially expressed genes identified across all three datasets.




3.2 GATA3 expression analysis in BC prognosis and various cancer types

KM-plotter analysis of survival data for the 9 differentially expressed genes revealed a significant correlation between GATA3 and the prognosis of BC patients (Figure 2A). Using BRCA data from the TCGA database, further analysis of GATA3 expression across multiple cancer types showed significant differences, with a notable upregulation in BC patients (Figure 2B). Therefore, this study focuses on GATA3 to explore its potential role in BC.

[image: Panel A contains eight Kaplan-Meier plots showing survival probabilities based on gene expression levels for various genes, with hazard ratios (HR) and log-rank p-values. Panel B includes two box plots displaying the expression of GATA3 across different TCGA tumors. The top graph shows expression across all samples, while the bottom graph compares expression in tumor versus normal samples, with specific cancer types labeled on the x-axis.]
Figure 2 | Prognostic Relevance of Differential Genes in BC and Expression Analysis of GATA3 Across Various Cancer Types. (A) Kaplan-Meier plotter analysis shows the survival curves of the nine differentially expressed genes in BC patients; (B) TCGA database analysis illustrates the expression levels of GATA3 across multiple cancer types.




3.3 GATA3 expression in BC patients with different clinicopathological characteristics

Among the 143 BC patients, 68 cases showed positive GATA3 expression, while 75 cases were negative. The general data indicated that GATA3 expression was significantly associated with the pathological subtype, TNM stage, lymph node metastasis, recurrence, and survival status of BC (P<0.05), but it showed no significant correlation with age, menopausal status, or pathological type (P>0.05), as shown in Table 1.


Table 1 | GATA3 expression in different clinicopathological characteristics ( x̄ ± s, n%).
	Characteristic
	GATA3


	Negative (n=75)
	Positive (n=68)
	t/x2 Value
	P Value


	Age (year)
	56.51 ± 8.88
	56.16 ± 9.30
	0.23
	0.82



	Menopausal Status
	Premenopausal
	62
	31 (41.33%)
	31 (45.59%)
	0.26
	0.61


	Postmenopausal
	81
	44 (58.67%)
	37 (54.41%)


	Pathological Subtype
	Luminal A
	53
	18 (24.0%)
	35 (51.47%)
	26.59
	<0.0001


	Luminal B
	38
	15 (20.0%)
	23 (33.82%)


	HER-2 Positive
	33
	27 (36.0%)
	6 (8.82%)


	TNBC
	19
	15 (20.0%)
	4 (5.88%)


	Pathological Type
	Invasive
	63
	44 (58.67%)
	19 (27.94%)
	2.81
	0.09


	Non-invasive
	80
	31 (41.33%)
	49 (72.06%)


	TNM Stage
	I-II Stage
	78
	32 (42.67%)
	46 (67.65%)
	8.98
	0.003


	III-IV Stage
	65
	43 (57.33%)
	22 (32.35%)


	Lymph Node Metastasis
	Yes
	78
	48 (64.0%)
	30 (44.12%)
	5.69
	0.02


	No
	65
	27 (36.0%)
	38 (55.88%)


	Recurrence
	Yes
	44
	29 (38.67%)
	15 (22.06%)
	4.62
	0.03


	No
	99
	46 (61.33%)
	53 (77.94%)


	Survival status
	Yes
	128
	63 (84.0%)
	65 (95.59%)
	5.10
	0.02


	No
	15
	12 (16.0%)
	3 (4.41%)










3.4 Correlation between 3.0T HR-MRI parameters and GATA3 protein expression

The results showed that in BC patients, 3.0T HR-MRI parameters revealed significant differences between the GATA3-positive and GATA3-negative groups. The FA parameter decreased in the GATA3-positive group, while the Da, MD, and Dr parameters increased, with statistically significant differences (P < 0.05). These findings suggest that tumors in GATA3-positive patients exhibit relatively intact tissue structure and reduced anisotropy of water molecule diffusion, indicating a potentially better prognosis. See Table 2.


Table 2 | Correlation between 3.0T HR-MRI parameters and GATA3 expression ( x̄ ± s).
	Parameter
	GATA3


	Negative
	Positive
	T Value
	P Value



	FA
	0.51 ± 0.08
	0.38 ± 0.07
	10.00
	<0.0001


	DA
	2.01 ± 0.04
	2.10 ± 0.08
	9.26
	<0.0001


	MD
	1.20 ± 0.05
	1.34 ± 0.12
	9.46
	<0.0001


	Dr
	1.08 ± 0.09
	1.20 ± 0.11
	11.04
	<0.0001







Imaging Features of a Typical Case of Breast Cancer Using 3.0T HR-MRI

A 62-year-old female patient diagnosed with breast cancer underwent 3.0T HR-MRI. The imaging findings are detailed as follows: ① The T1WI image showed the tumor (blue arrow) presenting a slightly hypointense signal compared to the surrounding normal glandular tissue, indicating lower density of the tumor; ② The fat-suppressed T2-weighted image (T2-FS) showed the tumor (blue arrow) presenting a mixed hyper- and hypointense signal, suggesting heterogeneity within the tumor; ③, ④ DWI (b=1000 s/mm²) demonstrated that the tumor (blue arrow) exhibited a marked hyperintense signal, indicating high cellular density and restricted water molecular diffusion; ⑤, ⑥ Dynamic contrast-enhanced imaging (DCE-MRI) showed irregular margins and significant enhancement of the tumor, indicating rich vascularization; ⑦ The pseudo-colored ADC map (apparent diffusion coefficient) showed the tumor region of interest (ROI) as relatively hypointense, further indicating high cellular density; ⑧ The time-signal intensity curve (TIC) demonstrated that the tumor ROI, outlined by the green circle, predominantly followed a plateau-outflow enhancement pattern, suggesting rapid washout after enhancement; ⑨, ⑩ The pseudo-colored MIP image and ⑪ the conventional MIP image showed the lesion with high perfusion characteristics, and the surrounding area exhibited increased and aggregated vascular structures (red arrow), indicating strong invasiveness of the tumor. See Figure 3.

[image: MRI images of breast tissue in varying views and color schemes are presented in a grid layout, each marked with numbers and arrows indicating focal areas of interest. Image panels feature contrast and colored imaging techniques to highlight specific regions. A graph at position eight likely displays data analysis related to the images.]
Figure 3 | 3.0T HR-MRI imaging findings of breast cancer patients.




3.5 Correlation between ultrasound imaging features and GATA3 protein expression

Ultrasound imaging features in BC patients revealed that 65 cases (45.46%) exhibited rich blood flow, 84 cases (58.74%) showed posterior echo attenuation, 100 cases (69.93%) had irregular lesion morphology, 82 cases (57.34%) had unclear lesion boundaries, and 63 cases (44.06%) had a lesion aspect ratio ≥ 1. The longest lesion diameter was (22.29 ± 7.34) mm. GATA3-positive patients showed lower blood flow intensity, posterior echo attenuation, lesion morphology irregularity, and lesion diameter compared to the GATA3-negative group (P < 0.05). Other ultrasound characteristics showed no significant differences between the two groups (P > 0.05). See Table 3.


Table 3 | Correlation between ultrasound imaging features and GATA3 expression ( x̄ ± s, n%).
	Indicator
	GATA3


	Negative (n=75)
	Positive (n=68)
	T/x2 Value
	P Value



	Blood Flow
	Low supply
	24 (32.0%)
	41 (60.29%)
	11.52
	0.001


	Rich supply
	51 (68.0%)
	27 (39.71%)


	Posterior Echo
	No attenuation
	35 (46.67%)
	49 (72.06%)
	9.49
	0.002


	Attenuation
	40 (53.33%)
	19 (27.94%)


	Lesion Shape
	Regular
	32 (42.67%)
	57 (83.82%)
	25.70
	<0.0001


	Irregular
	43 (57.33%)
	11 (16.18%)


	Lesion Boundary
	Clear
	37 (49.33%)
	44 (64.71%)
	3.43
	0.06


	Unclear
	38 (50.67%)
	24 (35.29%)


	Aspect Ratio
	<1
	34 (45.33%)
	39 (57.35%)
	2.06
	0.15


	≥1
	41 (54.67%)
	29 (42.65%)


	Lesion Diameter (mm)
	22.29 ± 7.34
	18.88 ± 6.88
	2.86
	0.005










3.6 Prognostic analysis of 3.0T HR-MRI parameters, ultrasound imaging characteristics, and GATA3 expression in BC patients

Among the 143 breast cancer patients included in this study, 79 (55.2%) were classified as having poor prognosis, defined as the occurrence of metastasis, recurrence, or death during follow-up. Specifically, 78 patients exhibited metastasis, 44 experienced recurrence, and 15 died. The incidence of poor prognosis was significantly higher in GATA3-negative patients compared to GATA3-positive patients (P=0.027). Significant differences in 3.0T HR-MRI parameters were also observed between the groups: patients with poor prognosis had notably higher FA values compared to those with favorable prognosis (P<0.0001), while DA, Dr, and MD values were lower in the poor prognosis group (P<0.0001). Regarding ultrasound imaging characteristics, rich blood supply was more frequently observed in the poor prognosis group (P=0.001), along with more pronounced posterior echo attenuation (P=0.001). Additionally, lesions tended to have irregular shapes (P=0.003) and unclear boundaries (P=0.02) in the poor prognosis group. Although the aspect ratio showed no significant difference between groups (P=0.15), the lesion diameter was slightly larger in the poor prognosis group, approaching statistical significance (P=0.053). These findings indicate that GATA3 expression status, HR-MRI parameters, and ultrasound imaging characteristics are closely associated with the prognosis of BC patients, providing valuable reference points for clinical prognosis assessment. See Table 4.


Table 4 | Comparison of general characteristics between BC patients with poor and favorable prognoses [ x̄ ± s, n%, M(Qmin, Qmax)].
	Characteristic
	Poor Prognosis Group (n=79)
	Good Prognosis Group (n=64)
	x2/t/z Value
	P-Value



	GATA3
	Negative
	48 (60.76%)
	27 (42.19%)
	4.89
	0.027


	Positive
	31 (39.24%)
	37 (57.81%)


	3.0T HR-MRI Parameters
	FA
	0.48 ± 0.10
	0.41 ± 0.08
	4.58
	<0.0001


	DA
	2.02 (1.92, 2.32)
	2.06 (1.94, 2.32)
	3.51
	<0.0001


	MD
	1.21 (1.07, 1.45)
	1.28 (1.16, 1.62)
	5.30
	<0.0001


	Dr
	1.08 ± 0.95
	1.21 ± 0.10
	8.12
	<0.0001


	Ultrasound Imaging Characteristics


	Blood Flow
	Low supply
	26 (32.91%)
	39 (60.94%)
	11.20
	0.001


	Rich supply
	53 (67.09%)
	25 (39.06%)


	Posterior Echo
	No attenuation
	37 (46.84%)
	47 (73.44%)
	10.32
	0.001


	Attenuation
	42 (53.16%)
	17 (26.56%)


	Lesion Shape
	Regular
	36 (45.57%)
	45 (70.31%)
	8.81
	0.003


	Irregular
	43 (54.43%)
	19 (29.69%)


	Lesion Boundary
	Clear
	38 (48.1%)
	43 (67.19%)
	5.25
	0.02


	Unclear
	41 (51.9%)
	21 (32.81%)


	Aspect Ratio
	<1
	36 (45.57%)
	37 (57.81%)
	2.12
	0.15


	≥1
	43 (54.43%)
	27 (42.19%)


	Lesion Diameter (mm)
	21.73 ± 0.10
	19.36 ± 7.19
	1.95
	0.053










3.7 Diagnostic value of combined 3.0T HR-MRI, ultrasound, and GATA3 protein expression for BC prognosis

The results demonstrated that GATA3 expression, 3.0T HR-MRI parameters (FA, DA, MD, and Dr), and ultrasound imaging characteristics (blood flow intensity, posterior echo, lesion shape, and lesion boundary) each have diagnostic value for predicting BC prognosis. The combined diagnostic approach, integrating GATA3, 3.0T HR-MRI parameters, and ultrasound features, yielded the best performance, with an AUC of 0.9695, sensitivity of 83.54%, and specificity of 96.88%. This approach significantly outperformed any single diagnostic parameter, indicating a higher level of diagnostic accuracy and reliability. Therefore, the combined use of GATA3, HR-MRI parameters, and ultrasound imaging features can markedly enhance the diagnostic efficacy for BC, providing more robust diagnostic support for clinical practice. See Table 5 and Figure 4.


Table 5 | Diagnostic value analysis of combined 3.0T HR-MRI, ultrasound, and GATA3 for BC.
	Indicator
	AUC
	Sensitivity (%)
	Specificity (%)
	Optimal Cut-off Value



	GATA3
	0.5929
	60.76
	57.81
	1.440


	FA
	0.7157
	70.89
	68.75
	0.3964


	DA
	0.6710
	40.51
	95.31
	0.3582


	MD
	0.7581
	60.76
	81.25
	0.4201


	Dr
	0.8347
	74.68
	76.56
	0.5124


	Blood Flow Intensity
	0.6401
	67.09
	60.94
	1.717


	Posterior Echo
	0.6330
	53.16
	73.44
	2.001


	Lesion Morphology
	0.6237
	54.43
	70.31
	1.833


	Lesion Boundary
	0.5954
	51.90
	67.19
	1.582


	Combined Diagnosis
	0.9695
	83.54
	96.88
	0.8042







[image: ROC curve chart comparing different diagnostic criteria with sensitivity on the y-axis and one hundred percent minus specificity on the x-axis. Multiple colored lines represent GATA3, FA, DA, MD, Dr, Blood flow intensity, Rear echo, Lesion morphology, Focal boundary, and Combined diagnosis. The red line for Combined diagnosis shows the highest sensitivity across the chart.]
Figure 4 | ROC Curve Analysis for Prognostic Evaluation of Breast Cancer.





4 Discussion

BC is one of the most common malignant tumors in women worldwide, characterized by significant heterogeneity and diverse clinical and pathological features, which increase the complexity of diagnosis and treatment (14). Although existing imaging techniques play an important role in the screening and evaluation of BC, a single diagnostic modality often fails to comprehensively reflect the biological behavior of the tumor (15). Therefore, combining multiple imaging techniques with molecular biomarkers for integrated diagnosis holds significant clinical value (16). For example, Pinker et al. demonstrated that the integration of multiparametric MRI with molecular and genetic markers significantly enhances diagnostic accuracy and enables more personalized treatment planning in breast cancer (17). Similarly, Kepei et al. found that the use of multiparametric breast MRI in conjunction with molecular features improves both diagnostic performance and prognostic assessment compared to single-modality approaches (18). Building on these findings, in this study we conducted a multidimensional evaluation by integrating 3.0T HR-MRI, ultrasound imaging features, and GATA3 protein expression, to explore the clinical utility of this combined approach in BC, particularly in tumor detection and prognostic assessment. Although several studies have examined imaging or molecular features individually, comprehensive investigations that integrate advanced imaging modalities with molecular biomarkers such as GATA3 remain limited. However, recent advances in the field have begun to demonstrate the value of combining imaging-based radiomics with molecular information to improve breast cancer characterization. For example, Wang et al. utilized multidimensional radiomics to enhance the assessment of HER-2 status, providing evidence that such integrative approaches can significantly improve diagnostic accuracy and molecular subtyping in breast cancer (19). These findings highlight the growing recognition that the integration of imaging parameters and molecular markers holds promise for more precise and individualized evaluation. Building on this foundation, our study incorporates 3.0T HR-MRI, ultrasound imaging, and GATA3 protein expression to further extend the scope of multidimensional assessment in breast cancer, particularly in tumor detection and prognostic stratification. To the best of our knowledge, research specifically focusing on the combined diagnostic and prognostic value of 3.0T HR-MRI, ultrasound imaging, and GATA3 expression in breast cancer is still scarce. This highlights the novelty and potential clinical relevance of our approach. Our findings indicate that the combined application of 3.0T HR-MRI, ultrasound parameters, and GATA3 expression shows high potential in improving diagnostic accuracy and prognostic stratification.

GATA3 protein, as a transcription factor associated with mammary epithelial differentiation, plays a crucial role in the development and progression of breast cancer (20). Its expression is closely related to molecular subtypes of the tumor and is also significantly associated with clinicopathological characteristics, and patient prognosis. Assessing GATA3 expression levels can provide a molecular basis for breast cancer subtyping, help predict disease progression and evaluate prognosis, thereby offering a reference for personalized treatment strategies (21). Our study found that the loss or low expression of GATA3 was frequently associated with poor prognosis, whereas positive expression indicated a relatively favorable outcome.

Previous studies have shown that high GATA3 expression is commonly observed in Luminal-type breast cancer and is associated with favorable biological behavior. It has also been suggested that GATA3-positive expression may correspond with more regular ultrasound features, such as well-defined tumor margins and reduced vascular signals (22). However, it is worth noting that systematic analyses exploring the association between GATA3 expression and quantitative MRI parameters remain limited. This observation is consistent with the current literature, where studies investigating the interplay between molecular markers like GATA3 and quantitative imaging parameters are relatively sparse. Our findings, therefore, provide valuable preliminary evidence supporting the added benefit of a multidimensional assessment strategy. As a high-resolution imaging modality, 3.0T HR-MRI can provide detailed insights into tumor tissue structure, cellular diffusion, and microenvironmental status in breast cancer (23, 24). DTI parameters—such as MD, FA, Dr, and Da can reflect changes in cell density, stromal architecture, and diffusion behavior, which in turn indicate alterations in the tumor microenvironment, especially in relation to cellular proliferation and stromal expansion. In our study, GATA3-positive patients demonstrated significantly lower FA values and higher MD, Da, and Dr values, suggesting that their tumor tissues were more structurally intact, with reduced anisotropic diffusion of water molecules—implying lower invasiveness and better prognosis. These imaging findings support the prognostic significance of GATA3 as a favorable biomarker and provide a quantitative imaging correlate for the structural characteristics associated with its expression. While existing research has reported the utility of DTI parameters in tumor grading and Ki-67 prediction (25), systematic analyses combining GATA3 expression and DTI parameters are still in the exploratory stage.

Ultrasound imaging also plays a vital role in the initial screening and classification of breast cancer. B-mode and color Doppler ultrasound can assess tumor size, shape, margin clarity, and posterior echo features, which indirectly reflect tissue composition and vascularity (26, 27). In this study, GATA3-positive patients showed more regular tumor morphology on ultrasound, with preserved posterior echoes, milder echo attenuation, and relatively reduced blood flow signals, suggesting a lower degree of angiogenesis and tissue destruction—consistent with less aggressive biological behavior. Although similar findings have been reported in previous literature, most of them focused on single imaging features. In contrast, our study integrates ultrasound features, HR-MRI parameters, and GATA3 expression to construct a more comprehensive diagnostic framework. Furthermore, the incidence of poor prognosis events was significantly lower in GATA3-positive patients compared to GATA3-negative ones, further supporting the hypothesis of its potential tumor-suppressive role (28). The expression status of GATA3 not only aids in pathological subtyping but may also provide valuable information for predicting recurrence risk and guiding postoperative management (29).

In the prognostic stratification analysis, this study further demonstrated that the combined model incorporating 3.0T HR-MRI parameters, ultrasound imaging features, and GATA3 protein expression exhibited superior accuracy in predicting the prognosis of breast cancer patients. Compared with individual indicators, the combined diagnostic approach achieved an AUC of 0.9695, significantly enhancing diagnostic performance. This finding suggests that the integrating multimodal information can effectively improve our understanding of the biological behavior of breast cancer and provide a more robust data foundation for preoperative assessment and the development of individualized treatment strategies. Compared with previous studies that predominantly focused on a single imaging parameter or molecular marker, our study proposed a more integrated evaluation framework by combining structural imaging (ultrasound), functional imaging (HR-MRI), and molecular biomarkers (GATA3). This approach offers a novel perspective for comprehensive diagnosis and prognostic prediction in breast cancer.

Despite the clinical applicability of this combined assessment strategy, certain limitations remain. First, the study was a single-center retrospective analysis with a relatively small sample size. Future research should further explore the molecular mechanisms of GATA3 in breast cancer to better elucidate the specific association between GATA3 expression and the biological behavior of the disease, thereby providing more robust evidence for personalized treatment.

Overall, this study presents a novel approach to imaging diagnosis and prognosis prediction for breast cancer by integrating multidimensional assessments of 3.0T HR-MRI, ultrasound imaging, and GATA3 protein expression. The combined use of multimodal imaging technologies and molecular biomarkers not only significantly enhances diagnostic sensitivity and specificity but also provides a crucial foundation for developing precise individualized treatment strategies, which may optimize therapeutic outcomes and improve the long-term survival and quality of life for patients. Given the limited number of studies addressing this integrated approach, our research contributes to filling an important gap in the current understanding of breast cancer assessment. Further multi-center and prospective studies are warranted to validate and expand upon these initial findings.




5 Conclusion

The combination of 3.0T HR-MRI, ultrasound imaging, and GATA3 protein expression significantly enhances diagnostic accuracy and prognostic evaluation in BC. This comprehensive approach provides valuable insights for developing individualized treatment strategies, with the potential to improve patient outcomes.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by The Second Affiliated Hospital, Hengyang Medical School, University of South China (No.2025008). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

YB: Formal Analysis, Methodology, Writing – original draft. TX: Conceptualization, Methodology, Supervision, Writing – original draft. XM: Formal Analysis, Methodology, Software, Writing – review & editing. YL: Data curation, Formal Analysis, Writing – review & editing. MC: Formal Analysis, Methodology, Software, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

	 Katsura C, Ogunmwonyi I, Kankam HK and Saha S. Breast cancer: presentation, investigation and management. Br J Hosp Med (Lond). (2022) 83:1–7. doi: 10.12968/hmed.2021.0459, PMID: 35243878


	 Xu Y, Gong M, Wang Y, Yang Y, Liu S and Zeng Q. Global trends and forecasts of breast cancer incidence and deaths. Sci Data. (2023) 10:334. doi: 10.1038/s41597-023-02253-5, PMID: 37244901


	 Xia C, Dong X, Li H, Cao M, Sun D, He S, et al. Cancer statistics in China and United States, 2022: profiles, trends, and determinants. Chin Med J (Engl). (2022) 135:584–90. doi: 10.1097/CM9.0000000000002108, PMID: 35143424


	 Arnold M, Morgan E, Rumgay H, Mafra A, Singh D, Laversanne M, et al. Current and future burden of breast cancer: Global statistics for 2020 and 2040. Breast. (2022) 66:15–23. doi: 10.1016/j.breast.2022.08.010, PMID: 36084384


	 Cardoso MJ, Poortmans P, Senkus E, Gentilini OD, Houssami N. Breast cancer highlights from 2023: Knowledge to guide practice and future research. Breast. (2024) 74:103674. doi: 10.1016/j.breast.2024.103674, PMID: 38340683


	 Canepa CS, Schubart PJ, Taylor LM Jr., Porter JM. Supraceliac aortofemoral bypass. Surgery. (1987) 101:323–8., PMID: 3824159


	 Lawson MB, Partridge SC, Hippe DS, Rahbar H, Lam DL, Lee CI, et al. Comparative performance of contrast-enhanced mammography, abbreviated breast MRI, and standard breast MRI for breast cancer screening. Radiology. (2023) 308:e:230576. doi: 10.1148/radiol.230576, PMID: 37581498


	 Yang X, Sun J, Jia MY, Feng XR and Feng PY. The value of high-resolution MRI in the diagnosis, efficacy of treatment, and prognosis of central nervous system vasculitis. Folia Neuropathol. (2021) 59:372–7. doi: 10.5114/fn.2021.112008, PMID: 35114777


	 Wang X, Bai F, Liu X, Peng B, Xu X, Zhang H, et al. GATA3 functions downstream of BRCA1 to promote DNA damage repair and suppress dedifferentiation in breast cancer. BMC Biol. (2024) 22:85. doi: 10.1186/s12915-024-01881-6, PMID: 38627785


	 Hosseinzadeh L, Kikhtyak Z, Laven-Law G, Pederson SM, Puiu CG, D’Santos CS, et al. The androgen receptor interacts with GATA3 to transcriptionally regulate a luminal epithelial cell phenotype in breast cancer. Genome Biol. (2024) 25:44. doi: 10.1186/s13059-023-03161-y, PMID: 38317241


	 Metin Y, Orhan Metin N, Kul S, Tasci F, Ozdemir O and Kupeli A. High-resolution diffusion-weighted imaging compared with conventional diffusion-weighted imaging and dynamic contrast-enhanced magnetic resonance imaging with regard to image quality and assessment of breast cancer morphology. Diagn Interv Radiol. (2023) 29:251–9. doi: 10.5152/dir.2022.21362, PMID: 36987843


	 Hagag S, Kodous A and Shaaban HA. Molecular and immunohistochemical alterations in breast cancer patients in upper Egypt. Rep Biochem Mol Biol. (2023) 11:532–46. doi: 10.52547/rbmb.11.4.532, PMID: 37131903


	 Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rubio IT, et al. Early breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. (2019) 30:1674. doi: 10.1093/annonc/mdz189, PMID: 31236598


	 Wilkinson L, Gathani T. Understanding breast cancer as a global health concern. Br J Radiol. (2022) 95:20211033. doi: 10.1259/bjr.20211033, PMID: 34905391


	 Seyfettin A, Dede I, Hakverdi S, Duzel Asig B, Temiz M and Karazincir S. MR imaging properties of breast cancer molecular subtypes. Eur Rev Med Pharmacol Sci. (2022) 26:3840–8. doi: 10.26355/eurrev_202206_28951, PMID: 35731053


	 Wang X, Nai YH, Gan J, Lian CPL, Ryan FK, Tan FSL, et al. Multi-modality imaging of atheromatous plaques in peripheral arterial disease: integrating molecular and imaging markers. Int J Mol Sci. (2023) 24. doi: 10.3390/ijms241311123, PMID: 37446302


	 Pinker K, Chin J, Melsaether AN, Morris EA and Moy L. Precision medicine and radiogenomics in breast cancer: new approaches toward diagnosis and treatment. Radiology. (2018) 287:732–47. doi: 10.1148/radiol.2018172171, PMID: 29782246


	 Xu K, Hua M, Mai T, Ren X, Fang X, Wang C, et al. A multiparametric MRI-based radiomics model for stratifying postoperative recurrence in luminal B breast cancer. J Imaging Inform Med. (2024) 37:1475–87. doi: 10.1007/s10278-023-00923-9, PMID: 38424277


	 Xie H, Tan T, Li Q and Li T. Revolutionizing HER-2 assessment: multidimensional radiomics in breast cancer diagnosis. BMC Cancer. (2025) 25:265. doi: 10.1186/s12885-025-13549-7, PMID: 39953417


	 Mugisha S, Di X, Wen D, Zhao Y, Wu X, Zhang S, et al. Upregulated GATA3/miR205-5p axis inhibits MFNG transcription and reduces the Malignancy of triple-negative breast cancer. Cancers (Basel). (2022) 14. doi: 10.3390/cancers14133057, PMID: 35804829


	 Oda H, Hedayati E, Lindstrom A and Shabo I. GATA-3 expression in breast cancer is related to intratumoral M2 macrophage infiltration and tumor differentiation. PloS One. (2023) 18:e0283003. doi: 10.1371/journal.pone.0283003, PMID: 36996051


	 Querzoli P, Pedriali M, Rinaldi R, Secchiero P, Rossi PG and Kuhn E. GATA3 as an adjunct prognostic factor in breast cancer patients with less aggressive disease: A study with a review of the literature. Diagnostics (Basel). (2021) 11. doi: 10.3390/diagnostics11040604, PMID: 33800667


	 Olthof SC, Weiland E, Benkert T, Wessling D, Leyhr D, Afat S, et al. Optimizing image quality with high-resolution, deep-learning-based diffusion-weighted imaging in breast cancer patients at 1. 5 T. Diagnostics (Basel). (2024) 14. doi: 10.3390/diagnostics14161742, PMID: 39202230


	 Granata V, Fusco R, Belli A, Danti G, Bicci E, Cutolo C, et al. Diffusion weighted imaging and diffusion kurtosis imaging in abdominal oncological setting: why and when. Infect Agent Cancer. (2022) 17:25. doi: 10.1186/s13027-022-00441-3, PMID: 35681237


	 Hashmi AA, Hashmi KA, Irfan M, Khan SM, Edhi MM, Ali JP, et al. Ki67 index in intrinsic breast cancer subtypes and its association with prognostic parameters. BMC Res Notes. (2019) 12:605. doi: 10.1186/s13104-019-4653-x, PMID: 31547858


	 Shimizu Y, Kuroda M, Nakamitsu Y, Al-Hammad WE, Yoshida S, Fukumura Y, et al. Usefulness of simple diffusion kurtosis imaging for head and neck tumors: an early clinical study. Acta Med Okayama. (2023) 77:273–80. doi: 10.18926/AMO/65492, PMID: 37357628


	 Tang X, Zhang H, Mao R, Zhang Y, Jiang X, Lin M, et al. Preoperative prediction of axillary lymph node metastasis in patients with breast cancer through multimodal deep learning based on ultrasound and magnetic resonance imaging images. Acad Radiol. (2024) 32(1):1–11. doi: 10.1016/j.acra.2024.07.029, PMID: 39107188


	 Bai X, Wang Y, Song R, Li S, Song Y, Wang H, et al. Ultrasound and clinicopathological characteristics of breast cancer for predicting axillary lymph node metastasis. Clin Hemorheol Microcirc. (2023) 85:147–62. doi: 10.3233/CH-231777, PMID: 37694357


	 Hsieh CH, Chang YH, Ling PY, Jin YT, Lo PH and Jou HJ. Detecting early-stage breast cancer with GATA3-positive circulating tumor cells. Taiwan J Obstet Gynecol. (2024) 63:745–9. doi: 10.1016/j.tjog.2024.06.005, PMID: 39266158







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Bai, Xie, Mo, Luo and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-15-1587243-g001.jpg
“og10(~value)

ogt0(value)

GSE15852: BC vs Control

og10(rvalue)

Padj<0.01
down
up

log2(fold chango)

Size of each list

GSE15852 GSE9014
GSE45827

Number of elements: specific (1) or shared by 2. 3, ... lists






OEBPS/Images/fonc-15-1587243-g002.jpg
POLR2D (214144_at)

POLR2D (214144_at)

RGS1 (216834_at)

o a7 o
~ HR =1.16 (1.05 - 1.29) <7 HR =1.16 (1.05 - 1.29) -~ HR=1(0.91-1.11)
logrank P = 0.0032 logrank P = 0.0032 logrank P = 0.98
o | o )
S 3 =
= 9 > © | > <9 |
= © = o =S
3 =] =
8 E g
S S °
&3 € 3 g 3+ B
o] o (ol
© | Expression < | Expression < | Expression
— low — low — low
o | high = high o | high
= T T T T e T T T T T e T T T T T
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Time (months) Time (months) Time (months)
Number at risk Number at risk Number at risk
low 2479 1484 628 123 1" 1 low 2479 1484 626 123 " 1 low 2464 1412 571 170 20 2
hgh 2450 1389 510 123 16 2 high 2450 1308 510 12 10 2 hgh 2465 1471 565 7 7 1
GATA3 (209602_s_at) TF (214063_s_at) CAV1 (212097_at)
] ] &
o HR =0.75 (0.68 - 0.83) = HR =0.87 (0.78 - 0.96) = HR =0.88 (0.79 - 0.97)
logrank P = 1.5e-08 logrank P = 0.0052 logrank P = 0.0099
o o | « |
o S =}
284 294 224
. ° = et ik
g E o] g N
o £ = S < ki
T o [ | £ o
.. 2 s
< | Expression © | Expression < | Expression
— low — low — low
o | high o | high < | high
° T T T T b T T T T T T < T T T T T
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Time (months) Time (months) Time (months)
Number al risk Number a risk Number atrisk
low 2454 1285 463 95 k4 1 low 2470 1394 518 119 16 1 low 2464 1359 508 129 14 1
hgh 2455 1538 o73 151 20 2 ngh 2459 1489 618 12r 11 2 hgh 2465 1524 628 17 1 2
AKR1C3 (209160_at) MFAPS5 (213764_s_at) IGL@ (215121_x_at)
o e e |
= HR=1(09-1.1) = HR =1.05 (0.95 - 1.16) 25 HR =0.91(0.83 - 1.01)
logrank P = 0.97 logrank P = 0.37 logrank P =0.084
© «© ©
< =] o
2 @ = 2. 4
=S = o
§ L | §
2 = +‘7 2 <
e — [
o 8 L 8 N
© | Expression © | Expression © | Expression
— low — low — low
o ] high o high o ] high
2 T T T T T < o T T T T < T T T T
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Time (months) Time (months) Time (months)
Number at risk Number at nsk Nurber at risk
2480 139 529 112 9 1 low 2484 1414 542 120 1a 2 low 2484 1372 553 127 13 2
2460 187 607 13 18 2 hign 2465 1469 504 12 13 1 ngh 2485 1511 583 118 14 1
Expression of GATA3 across TCGA tumors
1257
104
H
H
754

l0g2 (TPM#1)
o
L

[T —

M
B
L

2.5
< o S & C O oS 9 O & & & o
¥ #‘r@'dt?é@ & O&y&e‘é’é’ & & oeﬁyyﬁ‘gﬁr & o L J“‘«Uéd‘d(s&é'o&?y
TCGA samples
Expression of GATA3 across TCGA cancers (with tumor and normal samples)
12.5
10
H
H
i
_ 75 .
= H o 1
!
£ o n
H
) i
=3 T
o H H
2.5 H H
H H H
! ;
] i i i
oo * L i
25
BLCA BRCA CESC CHOL COAD ESCA GBM HNSC KICH KIRC KIRP _LIHC LUAD LUSC PAAD PRAD PCPG READ SARC SKCM THCA THYM STAD UCEC

TCGA samples






OEBPS/Images/cover.jpg
& frontiers | Frontiers in Oncology

Multidimensional evaluation of 3.0T
HR-MRI, ultrasound imaging, and
GATAS3 protein expression in breast
cancer, and their prognostic analysis





OEBPS/Images/fonc-15-1587243-g004.jpg
sensitivity%

100

80

60

40

20

0

20 40 60 80
100% - specificity%

100

GATA3
FA

DA
MD

Dr
Blood flow intensity

Rear echo

Lesion morphology

Focal boundary

Combined diagnosis





OEBPS/Images/fonc-15-1587243-g003.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





