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Annotation: This article analyzes the molecular-genetic mechanisms underlying the 

development of salivary gland tumors. Key genetic mutations (PLAG1, HMGA2, CTNNB1) and their 

impact on tumor growth are examined. The role of dysregulated signaling pathways (Wnt/β-catenin, 

PI3K/AKT/mTOR, NF-kB) in carcinogenesis is highlighted. Particular attention is given to the 

expression of molecular markers (CK7, p40, p63, SOX10, S-100) and their diagnostic significance. 

The influence of chronic inflammation and pro-inflammatory cytokines (IL-6, TNF-α) on tumor 

progression is discussed. This review underscores the need for further research to develop new 

diagnostic and therapeutic strategies aimed at identifying molecular targets and improving approaches 

to the treatment of salivary gland tumors. 
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Introduction. Salivary gland tumors are a heterogeneous group of neoplasms characterized by 

significant morphological and biological diversity. Despite their relatively rare occurrence compared to 

tumors of other localizations, these neoplasms represent a serious clinical problem. This is due to their 

potential malignancy, tendency to infiltrative growth and recurrence, as well as difficulties in 

differential diagnosis [1,2]. In this regard, the study of tumor formation mechanisms, including genetic 

and molecular aspects, is of particular relevance. 

Classification of salivary gland tumors includes both benign and malignant neoplasms. Among benign 

tumors, the most common is pleomorphic adenoma, while among malignant tumors, the most common 

are mucoepidermoid cancer, adenoid cystic cancer, and acinar cell carcinoma. The incidence of 

malignant tumors varies significantly depending on the specific location and type of gland. The 

importance of studying these neoplasms is due to their aggressive clinical course, the possibility of 

metastasis, and limited therapeutic options, especially in the case of late diagnosis [3,4]. 

Modern research in the field of molecular oncology allows us to study in more depth the mechanisms 

of salivary gland tumor development, including genetic mutations, dysregulation of signaling 

pathways, and expression of molecular markers. This review article discusses the key molecular 

genetic aspects of tumorigenesis, including the role of PLAG1, HMGA2, and CTNNB1 gene 

mutations, as well as the influence of the Wnt/β-catenin, PI3K/AKT/mTOR, and NF-kB signaling 

pathways. In addition, special attention is paid to the expression of diagnostically significant markers 

(CK7, p40, p63, SOX10, S-100) and the role of inflammatory factors (IL-6, TNF-α) in tumor 

progression. Analysis of these mechanisms not only contributes to a deeper understanding of 

pathogenesis, but also opens up new perspectives for the development of diagnostic and therapeutic 

strategies. 

Genetic mechanisms of tumor formation 

The development of salivary gland tumors is a complex process based on various molecular genetic 

disorders. Genetic mutations play a key role in the initiation and progression of neoplasms, leading to 

uncontrolled cell proliferation, changes in their differentiation and ability to invade. Recent studies 

have identified a number of specific genes, mutations and dysregulation of which are associated with 

tumor growth in the salivary glands. Among them, the most important are PLAG1, HMGA2 and 
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CTNNB1, which are involved in the regulation of the cell cycle, differentiation and intercellular 

interactions [5,6]. 

One of the key oncogenes involved in tumorigenesis is PLAG1 (pleomorphic adenoma gene 1). This 

transcription factor plays an important role in regulating the expression of various genes associated 

with cell growth and proliferation. Mutations or translocations leading to hyperexpression of PLAG1 

are often detected in pleomorphic adenomas of the salivary glands. It has been established that 

increased activity of this gene contributes to the disruption of normal mechanisms of cell division 

control, which ultimately leads to tumor transformation [7,8]. 

Another important gene associated with tumor growth is HMGA2 (high-mobility group AT-hook 2). 

Normally, HMGA2 is involved in embryonic development, regulating the expression of genes 

responsible for cellular plasticity. However, under conditions of tumor transformation, its abnormal 

expression promotes increased cell proliferation, suppression of apoptosis, and increased migration 

activity. Dysregulation of HMGA2 has been shown to be associated with aggressive forms of salivary 

gland tumors, making it an important molecular marker of tumor progression [8,9]. CTNNB1 (catenin 

beta-1), encoding β-catenin, a protein involved in the formation of adhesive contacts and activation of 

the Wnt/β-catenin signaling pathway, plays an equally significant role in the pathogenesis of salivary 

gland tumors. Disruptions in the functioning of CTNNB1, including mutations leading to stabilization 

of β-catenin, contribute to excessive activation of this signaling pathway. As a result, the expression of 

proliferative genes increases, which leads to disruption of intercellular coordination and progression of 

the tumor process [10,11]. 

Dysregulation of signaling pathways in tumor growth 

Tumor transformation of salivary gland cells is caused not only by genetic mutations, but also by 

disruption of key signaling pathways that regulate cell growth, differentiation, and apoptosis. Among 

the most significant pathways involved in carcinogenesis are Wnt/β-catenin, PI3K/AKT/mTOR, and 

NF-kB, which play a central role in maintaining the proliferative activity of tumor cells, their survival, 

and their ability to invade. Dysregulation of these signaling cascades contributes to the development of 

a malignant phenotype, making them promising targets for therapeutic intervention [12,13,14]. 

One of the most studied signaling mechanisms in tumor pathogenesis is the Wnt/β-catenin pathway, 

which regulates cell proliferation and differentiation. Normally, β-catenin, encoded by the CTNNB1 

gene, is involved in intercellular contacts and signal transmission to the nucleus. However, during 

tumor transformation, mutations occur that lead to stabilization of β-catenin and its accumulation in 

the cytoplasm, which activates the transcription of genes responsible for cell growth and suppression 

of apoptosis. Hyperactivation of the Wnt/β-catenin pathway contributes to the formation of an 

aggressive phenotype of tumor cells and their resistance to traditional therapy [12,15]. 

Another key signaling pathway that plays an important role in tumor growth is the PI3K/AKT/mTOR 

pathway. It is responsible for the regulation of cellular metabolism, angiogenesis, and tumor cell 

survival. Activation of this cascade occurs through phosphoinositide 3-kinase (PI3K), which triggers 

phosphorylation of the AKT protein, leading to activation of the target of rapamycin (mTOR). 

Dysregulation of this pathway is observed in malignant tumors of the salivary glands and leads to 

increased cell resistance to apoptosis, increased migratory activity, and metastatic potential. In 

addition, mutations in the PIK3CA and PTEN genes involved in the regulation of this pathway 

contribute to its hyperactivation and aggressive tumor growth [16,17]. Finally, the NF-kB signaling 

pathway, which is involved in the regulation of the inflammatory response and cell survival, plays an 

important role in the carcinogenesis of salivary gland tumors. Normally, this cascade is activated by 

the action of proinflammatory cytokines or stress, providing protective mechanisms for the cell. 

However, during tumor transformation, its chronic activation occurs, which leads to increased 

expression of genes responsible for angiogenesis, anti-apoptotic protection, and the development of an 

inflammatory tumor microenvironment. The relationship between chronic inflammation and malignant 

growth, mediated by NF-kB, emphasizes the importance of this pathway in the formation of the tumor 

microenvironment and cell resistance to therapy [18,19]. 
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Expression of molecular markers of salivary gland tumors 

Diagnostics of salivary gland tumors is a complex task due to their high morphological heterogeneity. 

In this regard, the study of molecular markers is of particular importance, the expression of which 

allows not only to differentiate various histological types of tumors, but also to clarify their origin, 

biological behavior and prognosis. Among the most significant markers used in immunohistochemical 

diagnostics are cytokeratins (CK7), transcription factors (p40, p63) and neural markers (SOX10, S-

100), which play a key role in the characterization of tumor cells [20]. 

One of the most important markers of epithelial tumors of the salivary glands is CK7, a protein 

belonging to the cytokeratin family and involved in the formation of the cytoskeleton of epithelial 

cells. CK7 expression is characteristic of most adenocarcinomas, including mucoepidermoid 

carcinoma and adenoid cystic carcinoma, making it a valuable diagnostic tool in the study of neoplasia 

of this localization. In addition, this marker is used in the differential diagnosis between salivary gland 

tumors and neoplasms of other organs, which is especially important in identifying metastatic lesions 

[2,21]. 

In addition to cytokeratins, transcription factors p40 and p63, which are markers of cells of basal and 

myoepithelial origin, play an important role in the diagnosis of malignant tumors. p63, which belongs 

to the p53 family, is expressed in basal epithelial cells and is used to identify squamous cell and 

myoepithelial tumors. At the same time, p40, which is a truncated isoform of p63, has a high 

specificity for squamous cell tumors, which allows it to be used to differentiate mucoepidermoid 

cancer from other neoplasms [22,23]. In addition to epithelial markers, neural markers such as SOX10 

and S-100, which allow the identification of tumors of myoepithelial and neurogenic origin, have 

significant diagnostic value. SOX10 is a transcription factor regulating neural crest cell development, 

and its expression is characteristic of pleomorphic adenoma, adenoid cystic carcinoma, and secretory 

salivary gland carcinoma. This marker has high sensitivity and specificity, which makes it an important 

diagnostic tool. In turn, S-100, a protein associated with cell differentiation and migration, is also 

widely used to confirm myoepithelial and schwannomatous differentiation of tumors [24,25,26]. 

The relationship between inflammatory processes and tumor progression 

Chronic inflammation plays a significant role in carcinogenesis, contributing to the initiation, 

maintenance and progression of the tumor process. Long-term activation of inflammatory mechanisms 

is accompanied by the release of proinflammatory cytokines, reactive oxygen and nitrogen species, as 

well as remodeling of the extracellular matrix, which creates favorable conditions for cell malignancy. 

In the context of salivary gland tumors, inflammation not only stimulates the proliferation of malignant 

cells, but also affects their resistance to apoptosis, angiogenesis and invasive properties. 

One of the key inflammatory mediators involved in tumor progression is interleukin-6 (IL-6). This 

cytokine plays a multifunctional role in the regulation of the immune response, cell proliferation and 

survival. Increased expression of IL-6 in salivary gland tumor tissue is associated with activation of the 

JAK/STAT3 signaling pathway, which leads to increased growth of malignant cells, suppression of 

their apoptosis and development of drug resistance. In addition, IL-6 promotes differentiation of tumor 

microenvironment fibroblasts into activated myofibroblasts, which maintain an aggressive tumor 

phenotype [27,28]. Another important proinflammatory cytokine involved in carcinogenesis is tumor 

necrosis factor alpha (TNF-α). Its main biological action is to modulate the inflammatory response and 

remodel the tumor microenvironment. High levels of TNF-α in salivary gland tumors promote 

activation of the NF-kB signaling pathway, which regulates the expression of genes responsible for cell 

survival, angiogenesis and immunosuppression. Moreover, TNF-α stimulates the expression of 

adhesion molecules and metalloproteinases, promoting invasive growth of tumor cells and their 

dissemination into surrounding tissues [29,30]. 

Conclusion 

Salivary gland tumors are a heterogeneous group of neoplasms with different biological behavior and 

molecular genetic characteristics. Analysis of modern data indicates the important role of genetic 
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mutations, dysregulation of signaling pathways, expression of molecular markers and inflammatory 

processes in the development and progression of these tumors. 

Study of genetic mechanisms of tumor formation allowed us to identify key genes, such as PLAG1, 

HMGA2 and CTNNB1, mutations and overexpression of which lead to impaired cell proliferation and 

differentiation. In turn, the imbalance of the Wnt/β-catenin, PI3K/AKT/mTOR and NF-kB signaling 

pathways plays a critical role in maintaining the malignant phenotype of tumor cells, promoting their 

growth, angiogenesis and resistance to apoptosis. Expression of molecular markers such as CK7, p40, 

p63, SOX10 and S-100 has additional diagnostic and prognostic value, allowing for more accurate 

differentiation of histological tumor subtypes and determination of their potential aggressiveness. 

Particular attention is drawn to the relationship between inflammatory processes and tumor 

progression, since proinflammatory cytokines IL-6 and TNF-α not only create a favorable 

microenvironment for tumor cells, but also promote their proliferation, angiogenesis and invasion. 
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