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A B S T R A C T   

Background: The diagnostic utility of SRY-box transcription factor 10 (SOX10) expression in basal- 
like breast cancer (BLBC) has been reported previously. However, the effect of SOX10 on the 
malignancy of BLBC cells and the underlying molecular mechanisms remain unelucidated. Here, 
we investigate the regulatory mechanisms and roles of SOX10 in BLBC progression. 
Methods: Sequencing data from patients with BLBC were extracted from the Cancer Genome Atlas 
database to determine the transcriptomic levels of SOX10 across breast cancer subtypes. Subse-
quently, the bioinformatics relevance of SOX10 in BLBC was investigated. Immunohistochemical 
assays were used to corroborate the protein expression of SOX10 in clinicopathological specimens 
(human breast cancer paraffin tissues). RNA interference was used to downregulate SOX10 
expression, and the efficiency of interference was evaluated using quantitative PCR. The 
expression levels of molecules related to the epithelial-mesenchymal transition (EMT) pathway 
were determined by western blotting. Various assays, such as transwell, colony formation, and 
flow apoptosis assays, were conducted to assess the malignancy of BLBC cells (MDA-MB-231). 
Results: Bioinformatics analyses revealed the differential expression of SOX10 in various breast 
cancer subtypes. An association between SOX10 and immune checkpoint expression was observed 
in BLBC. Additionally, immune correlation analysis indicated a positive relationship between 
SOX10 expression and effector immune cells. SOX10 was identified as a potential immunother-
apeutic target. Juxtaposed with non-basal-like breast cancer (N-BLBC) and breast adenosis, 
immunohistochemical analysis revealed the upregulated expression of SOX10 in BLBC, indicating 
its potential diagnostic significance. Single-gene functional enrichment analysis indicated that 
SOX10 is associated with EMT and the tumor inflammatory index. Experimental outcomes from 
cellular assays suggested that the downregulation of SOX10 inhibited multiple malignancy- 
associated behaviors in MDA-MB-231 cells, specifically affecting the EMT process, migration, 
invasion, proliferation, clone formation, and anti-apoptotic activities. 
Conclusions: We concluded that SOX10 contributes to the malignancy of BLBC cells by modulating 
the EMT pathway. Moreover, we observed a notable correlation between SOX10 expression and 
immune responses, indicating the potential significance of SOX10 in immunotherapy.   
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1. Background 

Breast cancer has recently surpassed lung cancer in the number of diagnosed cases, establishing itself as the most commonly 
diagnosed female-specific malignancy globally [1,2]. Concomitant with advances in molecular biology, therapeutic approaches in 
breast cancer have transitioned from traditional surgical methods to endocrine therapies and immunotherapies [3]. Basal-like breast 
cancer (BLBC) has emerged as a focal area of research and clinical concern owing to characteristics such as early onset, high inva-
siveness, and suboptimal response rates to conventional treatments, which lead to poor prognosis [2]. This subtype of breast cancer 
accounts for 15%–20 % of all breast cancer cases and is typically characterized by negative ER, PR, and HER2 expression [4]. 

Epithelial-mesenchymal transition (EMT) is a complex biological process involving the transformation of epithelial cells into a 
mesenchymal phenotype through multiple stages [5–7]. As malignant cells infiltrate healthy tissue, gene expression patterns may be 
altered to evade the host immune response and inhibit the proliferation of immune cells. Among the most commonly implicated 
cytokines in this process are the epidermal growth factor receptor, vascular endothelial growth factor, and integrin [8,9]. EMT, a key 
factor in malignancy, can significantly drive the distant metastasis of malignant cells originating from epithelial cells. This process is 
particularly pertinent to the pathogenesis of BLBC, which requires various adaptive mechanisms such as apoptosis induction and 
cellular proliferation for successful tissue infiltration. Dedifferentiation processes in hepatocellular carcinoma correspond to the loss of 
epithelial morphology, characterized by a reduction in epithelial markers during EMT. The expression of intermediate filament system 
components such as E-cadherin and cytokeratin are suppressed concurrently with EMT. Conversely, the upregulation of mesenchymal 
proteins like N-cadherin, α-smooth muscle actin, and vimentin and EMT-related transcription factors such as zinc finger transcription 
factors, Twist, and E-box binding zinc finger protein has also been observed [10]. 

SRY-box transcription factor 10 (SOX10) belongs to the SOX family of genes. The protein has a DNA-binding domain similar to the 
high mobility group (HMG) domain. This domain helps the SOX proteins bind to specific DNA sites, thereby inducing DNA bending and 
functioning as architectural transcription factors. This family of genes has similar structures across multiple species, some of which are 
associated with human genome-related diseases or physiological phenomena. The proteins are classified into various A-J subfamilies 
based on the similarity of HMG domains. SOX8, SOX9, and SOX10 are categorized under the SOXE subfamily, with a remarkable 98 % 
similarity in their HMG domains. These characteristics make this gene family highly suitable for investigations on the structure, 
function, and genetic mechanisms of the human genome. The SOX gene family has been conserved through evolutionary history, and 
its importance in biological processes such as stemness maintenance, cell directional differentiation, and tissue formation is significant. 
Mutations in SOX10 have been implicated in the development of the neural crest and peripheral nervous system as well as in the 
maturation and terminal differentiation of Schwann and oligodendrocyte cells. These mutations are also significant in melanocyte 
formation. A potential association between such mutations and the occurrence of Waardenburg-Shah and Waardenburg-Hirschsprung 
diseases has been suggested [11–13]. 

The SOX protein is known for its indispensable role in the nervous system, which aids the survival, proliferation, and differentiation 
of various cell types. It is also instrumental in the maintenance of stem cells and lineage differentiation during embryonic development 
and maturation. Recent investigations have highlighted its multifunctional properties. The aberrant expression and function of SOX 
proteins are closely associated with the emergence of various tumors. For instance, several SOX proteins, such as SOX2, SOX3, SOX4, 
and SOX5, are overexpressed in tumors and function as oncogenes. Conversely, certain SOX proteins, including SOX1, SOX7, SOX11, 
and SOX17, are downregulated in tumors and serve as tumor suppressor genes [14–21]. SOX10 expression has been implicated in the 
onset and progression of a diverse range of tumors. Immunohistochemical analyses revealed that SOX10 is predominantly expressed in 
tumors of neural origin, such as schwannomas and melanomas. Clinical diagnostic studies have also confirmed the presence of SOX10 
in primary breast cancers, particularly those exhibiting basal-like phenotypes. However, the effects of SOX10 on the proliferation, 
migration, and apoptosis of BLBC cells and the underlying molecular mechanisms are yet to be elucidated [22]. 

In this study, we used realistic clinicopathological diagnostic criteria, results of bioinformatics analyses, and findings from a 
literature review to elucidate the notable diagnostic and immunotherapeutic potential of SOX10 in BLBC. The expression of SOX10 
transcripts in various subtypes of breast cancer was determined using bioinformatics analyses, particularly highlighting its elevated 
levels in BLBC. Furthermore, functional enrichment (P < 0.05) indicates that SOX10 may modify EMT to influence BLBC progression 
and modulate immune responses in BLBC. A detailed examination of immune infiltration in BLBC as compared to that in non-basal-like 
breast cancer (N-BLBC) revealed disparities in the distribution of various immune cells. Significant correlations between SOX10 
expression and multiple immune-related indicators, as well as various immune cells, were identified. In this study, we identified 
potential for diagnostic guidance based on SOX10 protein expression levels across 44 cases of BLBC, 67 cases of N-BLBC, and 22 cases 
of breast adenosis. The diagnostic relevance of SOX10 expression levels was subsequently evaluated. The regulatory effect of SOX10 
expression on BLBC cell MDB-MA-231 was investigated using siRNA interference. We also explored the subsequent impact on EMT 
processes as well as on the proliferation, migration, and invasion of BLBC cells. Our findings contribute to a more comprehensive 
understanding of BLBC pathogenesis and offer insights into potential diagnostic and therapeutic targets in BLBC. 

2. Materials and methods 

2.1. Materials 

2.1.1. Clinical samples 
Pathological breast tissues were obtained from 111 patients with breast cancer who were diagnosed in the Pathology Department of 

the First Affiliated Hospital of Inner Mongolia Medical University between 2017 and 2019. The samples were collected from 44 
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patients with BLBC and 67 patients with N-BLBC. Additionally, 22 tissue samples of breast adenosis were collected in the same period. 
Patients who had undergone immunotherapy, chemotherapy, or radiotherapy before surgical intervention were excluded. Ethical 
clearance for the use of these samples in the retrospective study was granted by the Medical Ethics Committee of Inner Mongolia 
Medical University, with informed consent obtained from the patients. The license number for this study is YKD2019255. 

2.1.2. Reagents 
The immunohistochemical antibody for SOX10 was procured from Fuzhou Maixin Biotechnology Development Co., Ltd. Other 

reagents such as TRIzol, Mir-X miRNA First-Strand Synthesis, and SYBR Green PCR kits were purchased from TAKARA in Japan. A 0.8 
μm Transwell chamber was sourced from Corning (USA), and Matrigel was obtained from BD (USA). Monoclonal antibodies specific to 
E-cadherin, N-cadherin, and Vimentin were purchased from Wuhan Sanying Company in China. Fetal bovine serum (FBS) was ac-
quired from Israel BI Company, and DMEM medium was supplied by Gibco (USA). 

2.2. Methods 

2.2.1. Bioinformatics analysis 
mRNA data and the relevant clinical information were extracted from the Cancer Genome Atlas (TCGA) database. Disparities in 

mRNA expression between SOX10 and tissues related to human breast cancer were scrutinized and verified using web-based tools 
reliant on the TCGA database. R language packages, such as “survival,” “ggplot,” “limma,” “ggpubr,” and “BiocManager,” were used to 
examine the relationship between SOX10 mRNA transcriptome data and clinical parameters. The study also focused on the differential 
expression of SOX10 and the functional enrichment of associated differentially expressed genes. Furthermore, the correlation between 
gene expression and clinicopathological characteristics such as clinical stage, prognosis time, and tumor mutation index was assessed. 

2.2.2. Immunohistochemical analysis 
Immunohistochemical analysis was conducted using the EnVision method. The process involved a series of specific steps: dew-

axing, antigen retrieval, 3 % hydrogen peroxide blocking, goat serum blocking, primary antibody treatment, secondary antibody 
treatment, DAB coloration, hematoxylin staining, dehydration, transparency, and mounting. EDTA microwave heating was used for 
SOX10 repair, and ready-to-use antibodies were used. 

2.2.3. Cell culture and transfection 
For cell culture and transfection, MDA-MB-231 human BLBC cells were sourced from the Chinese Academy of Medical Sciences. The 

cells were cultured in a medium composed of 90 % DMEM high-glucose and 10 % FBS in an incubator set at 37 ◦C and 5 % CO2. Cells 
were seeded in 6-well plates and were subjected to transfection upon reaching approximately 70 % confluence. The transfection was 
facilitated using ribo FECT™ CP reagent for miRNA mimics/inhibitors and their corresponding negative controls. In this particular 
study, an experimental group designated as the siSOX10 group (siSOX10) was transfected with SOX10 interference siRNA (si-SOX10) 
in the MDB-MA-231 cells. No treatments were administered to the MDB-MA-231 cells to serve as the blank negative control group 
(Blank). Meanwhile, a negative control group (NC) was established by transfecting negative control siRNA (si-NC) into MDB-MA-231 
cells. 

2.2.4. Western blotting 
In the present study, western blotting was performed using the following methodology. Cells were treated with a specified volume 

of RIPA lysate for 3–5 min. Following this, the cells were transferred to EP tubes using cell scrapers. To initiate lysis, the tubes were 
chilled on ice for 30 min. Centrifugation was conducted at 12,000 r/min for 10 min at 4 ◦C, following which the supernatant was 
collected. Protein concentrations were measured in accordance with the BCA protein assay kit manual. A mixture of protein loading 
buffer and protein solution in a 1:4 ratio was heated to 100 ◦C for 15 min to denature the proteins. Following gel preparation and 
sample electrophoresis, bromophenol blue reaction was carried out to complete electrophoresis. The membrane was subsequently 
blocked by treating with skimmed milk for 30 min. Primary antibodies for E-cadherin, N-cadherin, Vimentin, and GAPDH were added 
at specified dilutions, and the membrane was incubated overnight at 4 ◦C. The membrane was then washed and treated with secondary 
antibodies at room temperature for 30 min. After an additional wash with TBST, a contrasting agent was added to the ECL chem-
iluminescence solution for detection. 

2.2.5. Transwell assay 
For the Transwell migration assay, cells were treated with trypsin for digestion and subjected to transfection for 24 h. Following 

centrifugation, the cells were resuspended in a serum-free medium, and their concentration was adjusted accordingly. The serum-free 
medium was used to dilute Matrigel at a ratio of 1:8, which was then applied to the chamber. A 100 μL aliquot of the cell suspension 
was introduced into the upper layer of the chamber, while 600 μL of complete medium containing serum was added to the lower layer. 
The cells were incubated in a cell incubator for an additional 24 h. After fixation in formaldehyde for 30 min, the cells were stained 
with 0.1 % Giemsa stain for 20 min. The cells were then rinsed twice with PBS, and the upper surface of the chamber cells was carefully 
wiped clean for microscopic observation. 

2.2.6. Plate cloning experiment 
In the plate cloning experiment, cells were transfected for a 24 h period before being distributed into a 12-well culture plate. 
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Fig. 1. Single gene bioinformatics analysis of SOX10 expression based on BLBC data. (A) SOX10 expression in different subtypes of breast cancer 
and normal breast tissues; (B) Correlation between SOX10 expression levels in BLBC and clinical information; (C) Enrichment analysis of functional 
pathways associated with SOX10 expression levels in BLBC; (D) Correlation between SOX10 expression levels in BLBC and tumor mutation load; (E) 
Correlation between SOX10 expression levels in BLBC and immune checkpoint expression levels in BLBC; E. Correlation between SOX10 expression 
levels and immune checkpoint expression levels in BLBC. (*P < 0.05, **P < 0.01, ***P < 0.001). 
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Specifically, MDA-MB-231 cells were added to three wells per group at a density of 400 cells per 1000 μl in each well. The culture was 
paused once the cell clusters were visible. The medium was subsequently discarded, and the wells were washed thrice with PBS and 
then fixed with methanol. The cells were counted after Giemsa staining. 

Fig. 2. Infiltration of immune cells in BLBC, and correlation between SOX10 expression and the degree of immune cell infiltration. (A) BLBC 
immune cell infiltration; (B) Differences in BLBC and N-BLBC immune cell infiltration comparisons; (C) Correlation of SOX10 with immune cell 
infiltration in different assessment methods. (*P < 0.05, **P < 0.01, ***P < 0.001). 
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2.2.7. Flow cytometry experiment 
In the flow cytometry experiment, cells were collected from each group 24 h post-transfection, subjected to trypsin digestion, and 

resuspended in pre-chilled DPBS. The cells were counted, and 1 × 106 cells were obtained. Experimental reagents were prepared 
according to the guidelines specified in the Annexin V-FITC/PI apoptosis kit manual. Flow cytometry was used for the analysis. 

2.3. Statistical analysis 

SPSS 22.0 software was used for statistical evaluation. Multiple analytical methods were used, including Pearson’s chi-squared test, 
Spearman’s correlation analysis, variance analysis, and Fisher’s exact probability method. The level of statistical significance was 
predetermined at P = 0.05. Significance levels were further categorized as follows: *P < 0.05, **P < 0.01, ***P < 0.001, and ****P <
0.0001. 

3. Results 

3.1. Results of SOX10 bioinformatics analysis 

For SOX10 bioinformatics analysis, we used the TCGA database to investigate variations in SOX10 expression across multiple 
subtypes of breast cancer tissues. A dataset of 1222 breast cancer cases, along with associated clinical data, was procured from the 
TCGA database. The expression of SOX10 in various breast cancer subtypes was confirmed using the TISIDB web tool. A significant 
discrepancy in SOX10 expression was observed across the subtypes of breast cancer compared to that in normal tissue (P < 0.05) 
(Fig. 1A). Moreover, differential SOX10 expression was more pronounced in BLBC than in other subtypes and normal tissues. We 
further analyzed the relationship between SOX10 expression and various clinical parameters such as STAGE and TMN stages; however, 
we did not observe a substantial correlation (Fig. 1B). Upon conducting differential expression analysis and functional enrichment 
analysis of the differentially expressed genes, genes with varying expression levels in comparison to SOX10 levels were found to be 
associated with apoptosis, inflammatory response, TGFB, tumor inflammation signature, tumor EMT, and the IL-10 anti-inflammatory 
signaling pathway (P < 0.05) (Fig. 1C). Additionally, a correlation was identified between SOX10 expression and the tumor mutation 
burden (TMB) (P < 0.05) (Fig. 1D). Further investigation was conducted to analyze the correlation between SOX10 expression and 
immune checkpoint factors. The findings indicated a degree of correlation between SOX10 expression and various immune check-
points (P < 0.05) (Fig. 1E). Additional bioinformatic analysis was conducted to explore the infiltration of immune cells in patients 
diagnosed with BLBC; these findings were combined with those from patients with N-BLBC (Fig. 2A). We observed varying levels of 
infiltration by different immune effector cells (P < 0.05) (Fig. 2B). To evaluate the effect of SOX10 on immune cell infiltration in BLBC 
cases, we used several methods to assess immune cell infiltration, including the CIBERSORT score, MCP-counter score, QUANTISEQ 
score, XCELL score, EPIC score, and TIMER score. We observed a significant association between SOX10 expression and the abundance 
of effector immune cells such as CD8+ T cells, CD4+ T cells, NK T cells, and macrophages using the different analytical methods (P <
0.05) (Fig. 2C). 

Fig. 3. Representative images depicting SOX10 protein expression in BLBC, N-BLBC, and breast adenosis tissues.  

K. Yang et al.                                                                                                                                                                                                           



Heliyon 9 (2023) e23162

7

3.2. Elevated expression of SOX10 in BLBC tissues relative to that in other breast cancer subtypes and breast adenosis tissues 

To quantify SOX10 protein expression in breast cancer tissues, we performed immunohistochemical analysis on 44 BLBC, 67 N- 
BLBC, and 22 breast adenosis tissues. Immunohistochemical staining showed that SOX10 was primarily localized in the cell nucleus 
(Fig. 3). Moderate-to-high levels of diffuse SOX10 expression were observed in tumor cells within the affected BLBC tissues. In contrast, 
in most N-BLBC tissues, negative staining for SOX10 was predominant, with only a minority of intraductal carcinoma myoepithelial 
cells showing positive staining results. Mild SOX10 expression was observed in breast adenosis tissues, with SOX10 primarily localized 
in follicular, ductal, and myoepithelial cells and only sporadically in glandular epithelial cells. 

3.3. SOX10 knockdown inhibits the EMT pathway 

After transfection with siRNA and the establishment of a control group, alterations in the expression levels of EMT marker proteins 
in MDA-MB-231 cells were assessed using western blotting. GAPDH was used as the internal reference. Once the cells were transfected 
with either si-NC or si-SOX10, protein extraction was conducted after 48 h. As illustrated in Fig. 4A, a significant increase in the 
expression level of the epithelial marker, E-cadherin, was observed in the siSOX10 group (Fig. 4B), whereas the expression levels of 
mesenchymal markers, such as N-cadherin and Vimentin, were significantly lower than those in the Blank group and the NC group 
(Fig. 4C and D) (P < 0.05). These results demonstrate that suppressing SOX10 expression significantly inhibits EMT in MDA-MB-231 
cells. 

3.4. Decreased SOX10 expression hinders the invasion and migration of MDA-MB-231 cells 

Transwell invasion assays were performed on MDA-MB-231 cells 24 h after transfection with either si-SOX10 or si-NC or no 
treatment (control group). The assays showed that the number of cells passing through the membrane in the siSOX10 group was 
significantly lesser than that in both the NC group and the blank group (Fig. 5) (P < 0.05). These results indicate that the suppression of 
SOX10 expression significantly impairs the invasive and migratory potential of MDA-MB-231 cells. 

3.5. Decreased SOX10 expression hinders the proliferation and colony formation potential of MDA-MB-231 cells 

Plate cloning assays were performed using MDA-MB-231 cells, which were transfected with si-SOX10 and si-NC for 24 h and 
included in the blank group. After 2–3 weeks of culture, a significant reduction in the number of cell clones in the siSOX10 group was 
observed compared to that in the blank group and the NC group (Fig. 6) (P < 0.05). The data indicate that SOX10 suppression 
significantly affects the proliferative and colony-forming potential of MDA-MB-231 cells. 

3.6. Decreased SOX10 expression triggers the apoptosis of MDA-MB-231 cells 

The apoptosis of MDA-MB-231 cells was assessed using flow cytometry and Annexin V-FITC/PI double staining. A statistically 
significant increase in the number of apoptotic cells in the siSOX10 group was observed compared to that in the blank group and the NC 
group (Fig. 7) (P < 0.05). These findings suggest that SOX10 inhibition is associated with higher levels of apoptosis in MDA-MB-231 
cells. 

4. Discussion 

Owing to the increase in invasive characteristics and limited responsiveness to existing pharmacological treatments, BLBC presents 
a formidable challenge in clinical settings [23]. However, despite advancements in our understanding of tumor biology, the efficacy of 

Fig. 4. Interference with SOX10 expression inhibits the EMT pathway of MDA-MB-231 cells. (A) Expression of EMT marker protein in MDA-MB-231 
cells after SOX10 knockdown. (B) Statistical results of E-cadherin. (C) Statistical results of N-cadherin. (D) Statistical results of Vimentin. (**P <
0.01; ****P < 0.0001). 
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targeted therapies for BLBC remains suboptimal [24]. This shortcoming has led to concerns among medical practitioners, patients, and 
investigators alike. Distinct molecular phenotypes make BLBC particularly resistant to both conventional chemotherapy agents and 
immunotherapies commonly effective against N-BLBC. Traditional postoperative adjuvant radiotherapy and chemotherapy yield 

Fig. 5. Interference with SOX10 expression inhibits the invasion of MDA-MB-231 cells. (A) The invasion of MDA-MB-231 cells after SOX10 
knockdown. (B) Statistical results. (****P < 0.0001). 

Fig. 6. Interference with SOX10 inhibits the proliferation and colony formation ability of MDA-MB-231. (A) The clone formation of MDA-MB-231 
cells after SOX10 knockdown. (B) Statistical results. (***P < 0.001). 

Fig. 7. Decreased SOX10 expression triggers the apoptosis of MDA-MB-231 cells. (A) The apoptosis of MDA-MB-231 cells after SOX10 knockdown. 
(B) Statistical results. (***P < 0.001). 
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unsatisfactory outcomes in BLBC. After these treatments, a significant number of sub-static lesions have been observed to exhibit tumor 
recurrence. The average survival duration for patients with metastatic BLBC is estimated at approximately 18 months [25]. 
Furthermore, accumulating evidence suggests that the synergistic application of existing targeted therapies and immune checkpoint 
inhibitors can only lead to limited improvements [26]. As innovations in treatment strategies continue to be integrated into clinical 
protocols, a novel consensus has emerged with respect to the malignant biological behavior of tumors. Factors such as molecular 
heterogeneity, accumulation of gene mutations, and clonal evolution are now known to contribute to individual variations in tumor 
characteristics as well as treatment resistance. Given that precision medicine and next-generation sequencing are being increasingly 
integrated into cancer diagnostic protocols, current research endeavors are largely contingent on the development of reliable pre-
dictive biomarkers based on molecular markers. Concurrently, efforts are being directed toward the synthesis of novel pharmaceutical 
agents targeting recognized molecular pathways, to improve therapeutic outcomes for patients with BLBC. 

SOX10 is a member of the SOX family. It is characterized by the presence of an HMG domain and its association with the testicular 
determinant SRY [27]. Initial investigations have identified the role of SOX10 in the differentiation of neural crest cells [28,29]. 
Mutations in the human SOX10 gene have been linked to specific neural crest diseases, such as Waardenburg-Shah syndrome types II E, 
II, and IV, which manifest as hypopigmentation, cochlear nerve sensory deafness, and intestinal ganglion hyperplasia [30–34]. Several 
studies have further established the involvement of SOX10 in various forms of cancer [35–38]. For instance, SOX10 overexpression has 
been observed in hepatocellular carcinoma, wherein it exerts oncogenic effects through the activation of the Wnt/double-stranded 
protein/TCF4 cascade [39]. Conversely, in digestive system cancers, SOX10 has been identified as a tumor suppressor that inhibits 
the Wnt/beta-catenin signaling pathway [40]. The roles, clinical significance, and biological functions of SOX10 in BLBC are yet to be 
elucidated, which indicates the need for additional research to understand the mechanisms through which SOX10 influences 
tumorigenesis and development. 

The differential transcript levels of SOX10 across breast cancer subtypes were observed through data analysis. Immunohisto-
chemical assays have revealed a marked elevation in the expression of SOX10 in BLBC. Concurrently, a correlation between SOX10 and 
immune checkpoint expression was also observed in BLBC, suggesting the potential utility of SOX10 as a diagnostic and immuno-
therapeutic marker for BLBC. Single-gene functional enrichment analysis further revealed that SOX10 expression is correlated with the 
inflammation index in BLBC tumors. Moreover, immunoreactivity assays demonstrated a positive association between SOX10 and 
effector immune cell infiltration. These findings support the hypothesis that SOX10 may influence the formation of the immune 
microenvironment in BLBC, reinforcing its potential as an immunotherapeutic marker. 

Functional enrichment analysis has revealed a link between SOX10 expression and the EMT process in BLBC. This finding has led to 
the hypothesis that SOX10 can influence the malignant biological behavior of BLBC cells by regulating EMT. EMT is characterized by 
the loss of epithelial cell polarity and detachment from the basement membrane, which subsequently leads to the structural loosening 
of the cells. Such alterations facilitate the transition of cells from a low-differentiation state to heightened invasiveness and disor-
ganized proliferation [41–43]. Various tumor microenvironment inhibitors, gene signaling pathways, and cytokine regulatory proteins 
are implicated in EMT. The expression of E-cadherin, a hallmark of epithelial cells, reduces, whereas the expression of mesenchymal 
cell markers, such as N-cadherin and Vimentin, increases. These shifts increase tumor cell motility, migration potential, and the 
acquisition of anti-apoptotic properties as well as the ability to degrade the extracellular matrix [44]. The activation of EMT has been 
identified as a critical step that helps cancerous cells originating from epithelial cells acquire migratory and invasive capabilities, 
which eventually leads to metastasis. Research has indicated a significant role of SOX10 in the EMT process of papillary thyroid 
carcinoma as well as in EMT-related pathways in chronic kidney disease-associated chronic fibrosis [45]. Further investigations are 
warranted to ascertain whether SOX10 can serve as a therapeutic target of BLBC. Additionally, whether the inherent functions of 
SOX10, such as sustaining cell proliferation and stabilizing cell differentiation, influence EMT is yet to be investigated. 

While examining the function of SOX10 protein, the protein was found to directly influence the structural integrity of cells, a factor 
critical for cell proliferation and differentiation, as well as for the regulation of cell differentiation. Western blot assays were used to 
assess the impact of SOX10 expression on EMT in BLBC cells. Results from these assays indicated an increase in the expression level of 
the epithelial marker E-cadherin in the siSOX10 group, in contrast to that in the blank and NC groups. Concurrently, a reduction was 
observed in the expression levels of the mesenchymal markers Vimentin and N-cadherin. The suppression of SOX10 disrupts EMT. 
Therefore, it is speculated that SOX10 overexpression can facilitate the invasion and migration of MDA-MB-231 cells by promoting 
EMT. 

To elucidate the influence of SOX10 on other malignant biological properties of MDA-MB-231 cells, we conducted the Transwell 
assay and measured the invasion and migration potential of the cells under different treatment conditions. The data obtained indicated 
a significant correlation between the high invasion and migration potential of MDA-MB-231 cells and SOX10 overexpression. Inter-
ference with SOX10 expression markedly influenced the invasion and migration potential of these tumor cells. Collectively, these 
findings suggest that SOX10 plays a role in facilitating the metastasis of MDA-MB-231 cells by enhancing their invasion and migration 
potential. 

The findings from the colony proliferation assay demonstrated a marked reduction in the proliferation ability of MDA-MB-231 cells 
when SOX10 expression levels reduced compared to that in control groups in response to gene interference. Subsequently, flow 
cytometry assays were conducted to assess the impact of SOX10 expression interference on apoptosis. In summary, the experimental 
results suggest that interference with SOX10 expression can attenuate the proliferative potential of MDA-MB-231 cells by inducing 
apoptosis. To put this differently, within MDA-MB-231 cells, SOX10 may contribute to tumor progression by disrupting the standard 
process of apoptosis. This effect could be related to the intrinsic functions of the SOX10 housekeeping gene, which is known to regulate 
cell stemness to maintain a normal cellular survival state. SOX10 overexpression in MDA-MB-231 cells was found to be associated with 
elevated cell proliferation in experimental settings. The interruption of SOX10 expression was found to influence the proliferation 
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potential of these cells negatively. The experimental results were consistent with existing scientific hypotheses. 
The aforementioned experimental data indicate that elevated SOX10 expression is correlated with the initiation of EMT in MDA- 

MB-231 cells. The expression was also found to influence various cellular activities, including movement, invasion, migration, and 
proliferation, in these cells. Consequently, it is considered that such an expression pattern could potentially amplify the malignant 
biological characteristics of BLBC cells. 

In summary, the elevated levels of SOX10 in BLBC cells were found to facilitate EMT. This was further observed to affect malignant 
biological functions, including but not limited to the invasion, migration, and proliferation of cancer cells. This phenomenon is 
considered to be a significant risk factor and merits consideration in the assessment of tumor progression. Resultantly, SOX10 is 
proposed as a potential diagnostic and prognostic biomarker and may aid the management of BLBC progression. The outcomes of 
bioinformatics analysis revealed a significant correlation between increased SOX10 expression in BLBC and various functional 
pathways related to tumor progression, such as apoptosis and EMT. Elements of the tumor immune microenvironment, including the 
inflammatory response, tumor inflammatory index, and IL-10 anti-inflammatory response, were also found to be related. Additionally, 
SOX10 expression was found to correlate with the expression of diverse immune-related markers and the infiltration of specific im-
mune cells in BLBC. Based on these observations, SOX10 may be considered to contribute to BLBC progression by modifying the tumor 
immune microenvironment to facilitate immune evasion. This implication further strengthens the potential role of SOX10 as a crucial 
node for immunotherapy in patients with BLBC. Based on the findings from our cell-based experiments, we hypothesize that SOX10 
could be a potential dual target for both solid tumor therapy and immunotherapy. However, the molecular mechanisms underlying the 
role of SOX10 in tumorigenesis and tumor development require further investigation. 
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