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 Abstract 

Background This study aimed to explore the morphological, clinical, and molecular 
aspects of pleomorphic adenoma (PA) and myoepithelial salivary gland neoplasms, 
investigating their behavior and potential diagnostic markers. 

Objective This article further explores and expands upon this spectrum of molecularly 
labeled subsets showing specific morphologic features. 

Method Tissue samples from 25 cases of PA were examined, and RNA next-generation 
sequencing (NGS) was performed on paraffin-embedded sections using the Illumina 
TruSight RNA Pan-cancer panel. Cellular characteristics, clinical attributes, and molecular 
profiles were assessed to identify unique features and potential diagnostic indicators. 

Results PA, a prevalent benign tumor, exhibited diverse morphologies and posed risks 
of recurrence and malignant transformation. Notably, specific metaplasias within PA cells 
hinted at microenvironment changes and potential behavioral variations. Furthermore, 
plasmacytoid myoepitheliomas, more aggressive than PA, posed challenges in accurate 
differentiation. In 12 out of 25 cases, the presence of the CTNNB1:PLAG1 fusion gene 
alongside plasmacytoid cells confirmed the diagnosis of plasmacytoid pleomorphic 
adenoma. 

Advances in knowledge The identification of specific metaplasias and fusion genes, 
notably CTNNB1-PLAG1, provided diagnostic insights, potentially influencing improved 
diagnostics and targeted treatments in the future. 
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Introduction  

Pleomorphic adenoma (PA) is a benign neoplasm known for its diverse morphologic 
features. PA is the most prevalent benign tumor affecting the salivary glands in both 
children and adults. Complete excision of the tumor significantly reduces the chances of 
recurrence[1–3]. However, tumoral capsular disruption and certain demographic 
parameters or multifocality can increase the risk of its return. PA has the potential to 
become malignant, spreading to nearby lymph nodes and distant areas or evolving into 
a carcinoma ex PA[4–6].  

In PA, the presence of squamous, mucinous, osseous, or lipomatous metaplasias signals 
a transformation of cells into types not typically found[7–9]. These shifts hint at the 
tumor's the changing microenvironment. When endocrine cells appear, it may indicate 
deviations from the typical appearance of pleomorphic adenoma and hint at its behavior. 
Oncocytic changes reflect cell alterations resulting in increased pink staining due to 
abundant mitochondria[10–12]. Pertinently, they might signify metabolic shifts or 
cellular adaptations within the tumor cells. Conspicuously, when plasmacytoids 
dominate in pleomorphic adenomas, it often indicates a potential for aggressive 
behavior[13]. 

Myoepithelial cells, found in various salivary gland tumors, play several crucial roles. 
They aid in tumor cell differentiation, produce both basement-membrane and non-
basement-membrane components, secrete significant amounts of the tumor-suppressor 
maspin and various proteinase inhibitors that accumulate in the surrounding 
extracellular matrix, and importantly, they hinder invasion and angiogenesis. 
Myoepithelial cells are either spindle, plasmacytoid (hyaline), epithelioid, and clear 
cells[14–16]. Plasmacytoid cells typically exhibit vimentin expression, occasionally 
keratin 19, and sometimes keratin 18. Although elongated cells with nuclei slightly off-
center show positivity for α-smooth muscle actin (αSMA), possibly representing a 
transitional stage between plasmacytoid and spindle-shaped neoplastic myoepithelial 
cells, genuine plasmacytoid cells do not express αSMA[16,17]. The distinct hyaline 
cytoplasm of plasmacytoid cells comprises randomly arranged filaments. Initially 
mistaken for actin microfilaments, these filaments were originally misinterpreted as 
neoplastic. Plasmacytoid myoepithelioma demonstrates higher aggressiveness compared 
to pleomorphic adenoma and poses challenges in differentiation from plasmacytoid 
pleomorphic adenoma[18–20]. 

PLAG1 and HMGA2 fusion genes have been the focus of PA and carcinoma ex PA[21–
23]. Recently, specific subsets of PA with distinct morphologies correlating to particular 
molecular labeling, showing HMGA2::WIF1 and canalicular-like features have been 
identified[24]. This article further explores and expands upon this spectrum of 
molecularly labeled subsets showing specific morphologic features. 
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 Method  

 Paraffin blocks containing 25 unusual Pas retrieved  from 2019 to 2022 were examined 
with ethical approval from the MU. These blocks held preserved tissue samples stored in 
paraffin wax. Visual inspection of selected paraffin blocks identified specific areas of 
plasmacytoid dominance within benign neoplasms showing myxocartilagenous stromas. 
The cases were visually assessed, and sectioned at 4 microns using a microtome. 
Conventional MECs, being extensively studied, served as a reliable reference point. 
Hematoxylin and eosin (H&E) staining of prepared slides confirmed the diagnoses. 

Following a previously described method[25], tissue blocks containing the targeted cells 
were utilized for nucleic acid isolation. These blocks served as a source of cellular material 
for experimentation. Disruption of cells within the tissue blocks facilitated access to the 
nucleic acids enclosed. RNA isolation employed the TRIzol/phenol-chloroform method, 
known for effectively extracting high-quality RNA from biological samples by isolating 
it from other cellular components. RNA concentration and purity were evaluated post-
extraction using a spectrophotometer. 

During cDNA synthesis, 500 ng of RNA was used following established protocols to 
ensure accuracy and reproducibility. This standardized input aimed to generate 
consistent and reliable cDNA samples for subsequent analysis. Initial RNA-seq was 
conducted using the Illumina TruSight RNA Pan-cancer panel to identify the fusion gene. 

Results  

 

Our findings reveal that primary nodules typically measured around 3.1 cm in size, with 
tumor cellularity. Most cases displayed satellite nodules connected to the main tumor, 
infiltration into nearby tissues, and a tissue environment with characteristics like myxoid 
stroma(Figure 1). Additionally, fifteen cases exhibited changes in myoepithelial cells with 
plasmacytoid predominance (Figures 2-3) of which 12 were molecularly labeled 
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Figure 1. PA showing characteristics chondromyxoid stroma  

 

Figure 2. PA showing characteristics plasmacytoid predominance. 
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Figure 3. PA with plasmacytoid predominance showing thin fragmentized capsule  . 

Regarding recurrence rates, the overall rate after the first occurrence was 16.4%, occurring 
at a median interval of 46 months. For those with a second recurrence, the median interval 
between recurrences was 97 months.  Remarkably, cases showing a transformation into 
malignancy were not found.   HMGA2 immunohistochemistry consistently displayed diffuse 

positive staining  in all cases, including those negative for fusion. 

 

Molecular labeling  

Twenty-five cases were identified as myoepithelial salivary gland neoplasms, leaning 
towards pleomorphic adenoma. Paraffin-embedded sections from the cell block were 
subjected to RNA next-generation sequencing (NGS). This Illumina TruSight RNA Pan-
cancer panel detected the presence of the CTNNB1-PLAG1 fusion gene. The existence of 
the PLAG1 fusion gene, coupled with the presence of plasmacytoid cells, confirmed a 
diagnosis of plasmacytoid pleomorphic adenoma, alongside scattered areas displaying 
chondromyxoid and collagenous stroma. 
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Discussion 
 

Precaution must be taken with diagnosing PA, especially with FNA. Schwannoma-like 

PA[15,26,27], keratinizing PA[28–30], myxolipomatous PA, oncocytic PA, and mucinous PA 

have been reported, with the latter mimicking mucoepidermoid carcinoma[28]. Mucin production 

can be observed in mucinous PA, mucinous adenocarcinomas, adenosquamous carcinoma and 

other mucin-rich carcinomas[31]. In the literature, some aggressive cases of PA showed strong 
expression for b-catenin and the corresponding molecular gene of CTNNB1 [1,32] 
The fusion partner was WIF1 in most cases, with a few instances involving RPSAP52 and HELB. 

Separate testing of the components in a tumor showed HMGA2::WIF1 fusion.. In PAs, PLAG1 
collaborates with a range of chromosomal proteins, forming specific chimeric 
oncoproteins, which significantly influence the tumor's growth. Notably, these fusions 
include CTNNB1::PLAG1, LIFR::PLAG1, CHCHD7::PLAG1, and TCEA1::PLAG1[33–38]. 
Among these fusions, the CTNNB1::PLAG1 connection occurs most frequently. These 
interactions are pivotal in shaping the mechanisms that drive the formation and 
advancement of pleomorphic adenomas. This study confine this CTNNB1::PLAG1 fusion 
to a subset of with plasmacytoid predominance that is associated with remarkable clinical 
aggression.  
 
 

 Conclusion 

 The study investigated pleomorphic adenoma (PA) exploring their various morphologies, 

behavior, and molecular traits. PA, a common benign tumor, carries risks of recurrence and 

potential malignancy. Unique cell transformations within PA hint at changes in the tumor's 

environment and behavior. Additionally, plasmacytoid myoepitheliomas, more aggressive than 

PA, pose challenges in accurate identification.  

Recently, fifteen PAs showing exclusively canalicular/trabecular while 13 had intermingled or 

well-demarcated conventional (chondromyxoid) component comprising 5 to more than 50% of the 

tumor. The monomorphic areas expressed uniformly CK7, vimentin, S100, SOX10 and variably 

p63 and mammaglobin but were negative with p40, smooth muscle actin, and MUC4. Targeted 

RNA sequencing revealed CTNNB1::PLAG1 fusions in 12 out of 25 PA cases, the presence of the 

CTNNB1::PLAG1 alongside plasmacytoid cells. Clinically, primary nodules exhibited specific 

traits, like size and recurrence rates, and notably, no malignant transformations were observed. 

These findings expand our understanding and could influence improved diagnostics and targeted 

treatments in the future. 
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