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Abstract 
Objective(s): β-catenin is involved in cell-cell adhesion and Wnt signaling pathway, and alterations 

in its expression or subcellular localization may reflect biological changes in salivary gland 

malignancies. This study aimed to evaluate the immunohistochemical expression and subcellular 

localization of β-catenin in selected salivary gland malignancies. Methods: This retrospective cross-

sectional study included 37 archived cases of salivary gland malignancies including 

mucoepidermoid carcinoma (N=16), adenoid cystic carcinoma (N=14), polymorphous 

adenocarcinoma (N=4), adenocarcinoma not otherwise specified (N=2), and secretory carcinoma 

(N=1). β-catenin immunohistochemistry was performed on formalin-fixed paraffin-embedded tissue 

sections. Staining extent was scored from 0 to 3, and localization was recorded as membranous, 

membranous/cytoplasmic and nuclear. Data were analyzed using Fisher exact, Kruskal-Wallis, 

Mann-Whitney U tests, and Bonferroni pairwise test at p<0.05. Results: β-catenin was positive in 35 

cases (94.6%), and strong expression was observed in 26 cases (70.3%). Expression scores differed 

significantly among diagnostic groups (p<0.05); however, after Bonferroni pairwise test, only the 

difference between mucoepidermoid carcinoma and adenocarcinoma not otherwise specified 

remained significant (p<0.05). Combined membranous/cytoplasmic staining was the most frequent 

localization pattern (75.7%), followed by membranous staining (18.9%). No nuclear staining was 

detected. Cellular site of staining was significantly associated with histopathologic diagnosis 

(p<0.001). Conclusion: β-catenin may contribute to the pathogenesis and biological behavior of 

salivary gland malignancies, mainly through changes in its subcellular localization rather than simple 

positive or negative expression. Cytoplasmic expression may reflect altered adhesion-related 

function, although the absence of nuclear staining did not support overt canonical Wnt/β-catenin 

activation in this series. 
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Introduction 

Salivary gland malignancies are uncommon, heterogeneous 

head and neck neoplasms with broad histopathologic diversity 

and variable clinical behaviors. The most common malignant 

salivary gland tumors include mucoepidermoid carcinoma, 

adenoid cystic carcinoma, and polymorphous adenocarcinoma. 

Their diagnosis and risk assessment depend mainly on 

conventional pathologic criteria including the tumor type, 

grade, growth pattern, perineural invasion, and other invasive 

features. However, these criteria may not fully explain the 

biologic behavior of all cases, and additional 

immunohistochemical markers may help clarify tumor biology 
1-5. 

β-catenin is a multifunctional protein involved in both cell-cell 

adhesion and intracellular signaling 6-9. At cell membrane, it 

interacts with E-cadherin as part of the cadherin-catenin 

complex and contributes to epithelial integrity 6, 7. In canonical 

Wnt pathway, β-catenin may accumulate in the cytoplasm and 

translocate to the nucleus, where it regulates the transcription 

of genes involved in proliferation, survival, invasion, and tumor 

progression 8-10. 

For this reason, β-catenin  immunohistochemistry should be 

interpreted according to both expression and subcellular 

localization 6, 8-10. Membranous staining is generally related to 

cell adhesion, whereas reduced membranous expression and 

cytoplasmic or nuclear accumulation may reflect altered 

adhesion and possible Wnt/ β-catenin pathway dysregulation 6, 

8-10, 12, 13, 17-20. 

Previous studies on β-catenin in salivary gland tumors have 

reported variable findings 11-20. Some studies have described 

cytoplasmic redistribution or reduced membranous expression 

in malignant tumors, while others have demonstrated 

predominantly membranous or non-nuclear patterns 11-20.  Data 

are also limited for less common entities such as polymorphous 

adenocarcinoma, adenocarcinoma not otherwise specified, and 

secretory carcinoma 11, 12, 20, 22-24. 

The aim of the present study was to evaluate the 

immunohistochemical expression and subcellular localization 

of β-catenin in selected salivary gland malignancies and to 
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assess its association with histopathologic diagnosis and 

clinicopathologic variables. 

Methods  

This retrospective cross-sectional study was approved by the 

Ethics Committee of Shahid Beheshti University of Medical 

Sciences, Tehran, Iran (IR.SBMU.DRC.REC.1403.167). 

Archives of the Department of Oral and Maxillofacial 

Pathology, School of Dentistry, Shahid Beheshti University of 

Medical Sciences, Tehran, Iran served as the data source. 

Archived hematoxylin and eosin-stained slides and 

corresponding formalin-fixed paraffin-embedded blocks of 

selected salivary gland malignancies diagnosed from March 

2001 to September 2025 were reviewed. 

Initially, 52 archived cases diagnosed as mucoepidermoid 

carcinoma (MEC), adenoid cystic carcinoma (AdCC), 

polymorphous adenocarcinoma (PAC), adenocarcinoma not 

otherwise specified (NOS), or secretory carcinoma were 

identified. Because of the rarity of these tumors, census 

sampling was used. Cases were included when the diagnosis 

was confirmed on microscopic review, the paraffin block and 

hematoxylin and eosin-stained slide were available, tissue was 

adequate for immunohistochemistry, fixation quality was 

acceptable, and clinicopathologic data were complete.  

Cases with unavailable blocks, insufficient tissue, incomplete 

clinical records, consultation-only status, uncertain diagnosis, 

inadequate evaluable tumor tissue, or poor staining quality 

were excluded. After applying these criteria, 37 cases were 

finally included in the study. Age, sex, anatomic location, 

major or minor salivary gland origin, and final histopathologic 

diagnosis were recorded. Immunohistochemistry for β-catenin 

was performed on 2-3 μm sections. Slides were deparaffinized 

in xylene, rehydrated through graded alcohols, and treated with 

3% hydrogen peroxide for 15 minutes. Antigen retrieval was 

performed in citrate buffer (pH=6.0) for 20 minutes in a 

microwave oven. Sections were incubated with mouse 

monoclonal anti-β-catenin antibody, clone 14, dilution 1:100 

(Cat. No. 610153, BD Transduction Laboratories, San Jose, 

CA, USA), for one hour at room temperature. A secondary 

antibody system from Master Diagnostica was applied, 

followed by horseradish peroxidase and 3,3-diaminobenzidine 

visualization. Sections were counterstained with hematoxylin. 

Normal human testis was used as positive control, and negative 

controls were prepared by omitting the primary antibody. 

The extent of β-catenin staining was scored as follows: 0, for 

absence of staining; 1, for weak focal staining in less than 10% 

of tumor cells; 2, for moderate staining in 10%-80% of tumor 

cells; and 3, for strong staining in more than 80% of tumor cells. 

This scoring system was adapted from Schneider et al 14. The 

dominant localization was recorded as membranous, 

membranous/cytoplasmic, nuclear, or absence of staining 6, 8, 12, 

13. 

Data were analyzed using SPSS version 27.0 (IBM Corp., 

Armonk, NY, USA). Descriptive statistics were reported as 

means, standard deviations, ranges, frequencies, and 

percentages. The Kruskal-Wallis test was used to compare 

expression scores among diagnostic and anatomic groups, and 

Bonferroni test was used for pairwise comparisons. The Mann-

Whitney U test was used for comparisons according to sex and 

major/minor salivary gland origin. Fisher exact test was used 

for categorical variables. The level of significance was set at 

0.05. 

 

Results 

 

Table 1 shows demographic information of selected salivary 

gland malignancies. 

 
Table 1- Demographics of samples 

Diagnosis N Mean age ± SD (range) Male Female 
Major/Minor 

gland 

Mucoepidermoid carcinoma 16 48.00±18.15 (22-77) 6 10 1/15 

Adenoid cystic carcinoma 14 54.64±8.73 (36-70) 7 7 2/12 

Polymorphous adenocarcinoma 4 39.75±7.89 (29-48) 2 2 1/3 

Adenocarcinoma NOS 2 57.50±3.54 (55-60) 0 2 2/0 

Secretory carcinoma 1 50.00 (50) 0 1 1/0 

Total 37 50.19±13.97 (22-77) 15 22 7/30 

 

β-catenin immunoreactivity was detected in 35 of 37 cases 

(94.6%). Overall, strong expression was the most common 

score and was observed in 26 cases (70.3%), followed by 

moderate expression in seven cases (18.9%), weak expression 

in two cases (5.4%), and absence of expression in two cases 

(5.4%). 

β-catenin expression score differed significantly among the 

histopathologic groups (Kruskal-Wallis test, H=11.051, df=4, 

p<0.05). Strong expression was most frequent in MEC, where 

14 of 16 cases (87.5%) showed strong staining. In AdCC, 

eight out of 14 cases (57.1%) showed strong expression and 

six cases (42.9%) showed moderate expression. In PAC, three 

out of four cases (75.0%) showed strong expression and one 

case (25.0%) showed weak expression. Both adenocarcinoma 

NOS cases showed the absence of β-catenin expression, 

whereas the single secretory carcinoma case showed strong 

expression. The distribution of β-catenin expression scores 

according to histopathologic diagnosis is shown in Table 2. 
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Table 2- β-catenin expression score according to histopathologic diagnosis 

Diagnosis Absence Weak (<10%) 
Moderate (10%-

80%) 
Strong (>80%) Total 

Mucoepidermoid 

carcinoma 
0 (0.0%) 1 (6.3%) 1 (6.3%) 14 (87.5%) 16 (100.0%) 

Adenoid cystic carcinoma 0 (0.0%) 0 (0.0%) 6 (42.9%) 8 (57.1%) 14 (100.0%) 

Polymorphous 

adenocarcinoma 
0 (0.0%) 1 (25.0%) 0 (0.0%) 3 (75.0%) 4 (100.0%) 

Adenocarcinoma NOS 2 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (100.0%) 

Secretory carcinoma 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%) 1 (100.0%) 

Total 2 (5.4%) 2 (5.4%) 7 (18.9%) 26 (70.3%) 37 (100.0%) 

 

Pairwise comparisons between diagnostic groups showed 

significant differences in the unadjusted analyses between 

adenocarcinoma NOS and AdCC (p<0.05), PAC (p<0.05), 

MEC (p<0.05), and secretory carcinoma (p<0.05). However, 

after Bonferroni pairwise test, only the difference between 

adenocarcinoma NOS and MEC demonstrated statistically 

significant difference (adjusted p<0.05). 

β-catenin expression score was also evaluated after 

categorizing the diagnoses into three groups: MEC, AdCC, 

and a combined group including PAC, adenocarcinoma NOS, 

and secretory carcinoma. In this grouped analysis, the 

difference in β-catenin expression score was not statistically 

significant (Kruskal-Wallis test, H=4.093, df=2, p=0.129). 

The mean ranks were 22.16 for MEC, 17.43 for AdCC, and 

14.93 for the combined group. 

The subcellular localization of β-catenin differed significantly 

among histopathologic groups (Fisher’s exact test, p<0.001).  

The most common overall pattern was combined 

membranous and cytoplasmic staining, observed in 28 cases 

(75.7%),  followed by exclusively membranous staining in 

seven cases (18.9%). Nuclear expression was not observed in 

any case, and the two negative cases corresponded to 

adenocarcinoma NOS. 

In MEC, β-catenin staining was observed in epidermoid, 

goblet, and intermediate cells, whereas mucous cells showed 

only membranous staining. In AdCC, staining was observed 

in both ductal epithelial and myoepithelial cells and was 

present in cribriform, solid, and tubular patterns  (Figures1-4). 

The subcellular localization patterns of β-catenin according to 

histopathologic diagnosis are summarized in Table 3. 

No significant association was found between β-catenin 

expression score and sex (Mann-Whitney U test, U=127.5, 

p=0.249), anatomic location (Kruskal-Wallis test, H=7.433, 

df=6, p=0.272), or major versus minor salivary gland origin 

(Mann-Whitney U test, U=97.5, p=0.776). Age distribution 

also did not differ significantly among the diagnostic groups 

(Kruskal-Wallis test, H=7.240, df=4, p=0.124). 

 

 
Figure 1: Mucoepidermoid carcinoma. a, b) strong β-catenin expression in nests and islands (IHC, ×100). C, d) β-catenin-positive 

cells with membranous and cytoplasmic brown staining in nests and islands of neoplastic cells. Note that the mucous cells show only 

membranous positivity (IHC, ×400). 
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Figure2: Adenoid cystic carcinoma. a, b) β-catenin-positive cells with membranous and cytoplasmic brown staining in nests and 

islands of tumoral cells (IHC, 100×, 400×). 

 

 
Figure3: Polymorphous adenocarcinoma. a, b) β-catenin positive cells with membranous and cytoplasmic brown staining in nests 

and single file pattern (IHC, 400×). 

 

 
Figure 4: Adenocarcinoma NOS. a, b) tumoral cells are negative for β-catenin marker (IHC, 100×, 400×). 

 

Table 3- Subcellular localization of β-catenin according to histopathologic diagnosis 

Diagnosis Absent Membranous 
Membranous/Cy

toplasmic 
Total 

Mucoepidermoid 

carcinoma 
0 (0.0%) 2 (12.5%) 14 (87.5%) 16 (100.0%) 

Adenoid cystic carcinoma 0 (0.0%) 2 (14.3%) 12 (85.7%) 14 (100.0%) 

Polymorphous 

adenocarcinoma 
0 (0.0%) 3 (75.0%) 1 (25.0%) 4 (100.0%) 

Adenocarcinoma NOS 2 (100.0%) 0 (0.0%) 0 (0.0%) 2 (100.0%) 

Secretory carcinoma 0 (0.0%) 0 (0.0%) 1 (100.0%) 1 (100.0%) 

Total 2 (5.4%) 7 (18.9%) 28 (75.7%) 37 (100.0%) 
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Discussion 

The present study aimed to evaluate the immunohistochemical 

expression and subcellular localization of beta-catenin in 

salivary gland malignancies. The main findings of the current 

study were that β-catenin was expressed in most cases, the 

expression score differed significantly among histopathologic 

groups, and the localization pattern was significantly associated 

with tumor type. This pattern suggests that β-catenin was 

largely preserved in tumor cells, but in many cases, it was not 

restricted to its physiologic membranous compartment 6, 7. The 

predominance of combined membranous and cytoplasmic 

staining may indicate partial redistribution of β-catenin from 

the adhesion complex, whereas the absence of nuclear staining 

argues against overt nuclear activation of the canonical 

Wnt/beta-catenin pathway detectable by IHC in this series 6-10. 

In MEC, β-catenin showed a predominantly 

membranous/cytoplasmic pattern without nuclear expression. 

This finding suggests that β-catenin was generally preserved in 

MEC in the present series, but its distribution was not limited 

to the cell membrane 6, 7. The cytoplasmic component may 

indicate partial redistribution of β-catenin from the cadherin-

catenin adhesion complex into the intracellular compartment 6, 

7, 12, 13. However, because nuclear expression was absent, the 

findings do not provide direct immunohistochemical evidence 

of marked canonical Wnt/β-catenin pathway activation in these 

cases 8-10, 17-19. 

Previous studies have reported variable β-catenin patterns in 

MEC 12, 13, 17-19. Chandrashekar et al. observed membranous, 

cytoplasmic, and combined membranous/cytoplasmic staining 

patterns in MEC and suggested that reduced membranous 

expression and cytoplasmic localization may be related to 

decreased differentiation and invasive potential 12. Batool et al. 

also reported β-catenin positivity in MEC, mainly with 

cytoplasmic or combined membranous/cytoplasmic 

expression, without nuclear staining 13. In contrast, some 

studies have reported non-membranous or cytoplasmic/nuclear 

β-catenin expression in subsets of MEC and interpreted these 

findings as possible evidence of Wnt pathway dysregulation or 

tumor progression 17-19. Therefore, the predominance of 

membranous/cytoplasmic staining without nuclear expression 

in the present study is partly consistent with previous reports, 

but does not support a prominent nuclear β-catenin pattern in 

the evaluated MEC cases 12, 13, 17-19. 

In AdCC, all cases were positive for β-catenin, with moderate 

or strong expression. Similar to MEC, the most common 

localization pattern was combined membranous and 

cytoplasmic staining, and no nuclear expression was observed. 

This pattern suggests that β-catenin remains partly associated 

with membranous adhesion structures, while cytoplasmic 

redistribution is also present 6, 7, 12, 13. The absence of nuclear 

staining indicates that, in this series, β-catenin did not show a 

clear nuclear translocation pattern in AdCC 8-10, 15, 16. 

The findings in AdCC are comparable to some previous 

studies, but differ from the others 11-16, 21. Furuse et al. reported 

mainly membranous β-catenin expression in AdCC, although 

reduced expression could be seen in less differentiated areas 11. 

Some studies have reported cytoplasmic or aberrant non-

nuclear patterns in malignant salivary gland tumors, including 

AdCC, and suggested that such changes may be related to an 

aggressive behavior 12, 13. On the other hand, Zhou and Gao 

reported cytoplasmic/nuclear β-catenin staining in a subset of 

AdCC cases and observed reduced membranous expression in 

metastatic cases 16. Wang et al. also suggested that aberrant 

Wnt/β-catenin signaling may contribute to invasion and 

metastasis in salivary AdCC 15. Since the present study did not 

evaluate long-term clinical outcomes, recurrence, metastasis, or 

survival, the prognostic significance of β-catenin localization 

could not be determined. 

In PAC, β-catenin showed predominantly membranous 

expression, although one case also demonstrated combined 

membranous/cytoplasmic staining. This pattern may still 

suggest relative preservation of the adhesion-related role of β-

catenin in these tumors; however, the presence of a cytoplasmic 

component in one case may reflect partial dissociation of β-

catenin from the membranous cadherin-catenin complex and its 

redistribution into the cytoplasm 6, 7, 12, 13. This finding should 

be interpreted cautiously because of the limited number of 

cases. Furuse et al. reported strong membrane-associated β-

catenin expression in PAC, which is in line with the 

membranous pattern observed in our cases 11. Chandrashekar et 

al. also reported membranous staining in one PAC case and 

combined membranous/cytoplasmic staining in another 12. In 

contrast, Ferrazzo et al. described cytoplasmic/nuclear beta-

catenin expression with loss of membranous staining in many 

PAC cases 20. These differences suggest that β-catenin 

localization in PAC may be variable across the studies and may 

be influenced by small sample sizes, diagnostic criteria, 

antibody protocols, and scoring methods 11, 12, 20, 22. 

Both cases of adenocarcinoma NOS in the present study were 

negative for β-catenin. This finding was notable because 

adenocarcinoma NOS was the only diagnostic group in which 

a complete absence of staining was observed. Negative IHC 

staining may be influenced by technical factors such as fixation 

quality, antigen retrieval, tissue preservation, or intratumoral 

heterogeneity 11-14, 19. 

Previous reports have not consistently shown complete absence 

of β-catenin in adenocarcinoma-related salivary gland 

malignancies 13, 14. Schneider et al. reported β-catenin 

expression in most minor salivary gland carcinomas, although 

the intensity varied among the tumor types 14. Batool et al. also 

reported β-catenin positivity in malignant salivary gland 

tumors, including carcinoma ex pleomorphic adenoma 13. 

Therefore, the absence of staining in the two adenocarcinoma 

NOS cases in the present study should be considered an 

interesting finding that requires confirmation in larger case 

series. 
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In the single secretory carcinoma case, β-catenin showed strong 

membranous/cytoplasmic expression without nuclear staining, 

which is in line with the limited previous reports describing β-

catenin positivity without nuclear expression in this entity 13. 

Overall, β-catenin expression was detected in most cases, 

suggesting that simple positive/negative interpretation alone 

has limited discriminatory value in this series. However, the 

significant difference in expression score among 

histopathologic groups indicates that the extent of β-catenin 

expression was not uniform across tumor types. The only 

significant difference after Bonferroni pairwise test was 

observed between MEC and adenocarcinoma NOS, mainly 

reflecting strong expression in most MEC cases and absence of  

staining in both adenocarcinoma NOS cases; nevertheless, this 

finding should be interpreted cautiously because of the small 

number of adenocarcinoma NOS cases. In the grouped 

diagnostic analysis, expression score was no longer significant, 

probably because the combined group included biologically 

heterogeneous tumors with different staining behaviors, which 

may have diluted subtype-specific differences. In contrast, β-

catenin localization remained significantly associated with 

tumor type however, this finding should be interpreted with 

caution due to the small number of cases in certain diagnostic 

categories, particularly the adenocarcinoma NOS group, which 

included only two cases. These results suggest that 

interpretation of β-catenin immunostaining in salivary gland 

malignancies should not be based only on the presence or 

absence of staining, but should also include the dominant 

cellular compartment of expression 6, 8, 9, 12, 13. When assessed 

together with expression score, subcellular localization may 

provide a more informative interpretation of β-catenin 

immunostaining 6, 12, 13. In this context, membranous staining 

may reflect preservation of the adhesion-related role of β-

catenin, whereas cytoplasmic staining may represent 

redistribution from the cadherin–catenin complex 6, 7, 12, 13. The 

predominance of membranous/cytoplasmic staining, together 

with the absence of nuclear expression, supports cytoplasmic 

redistribution rather than overt nuclear activation of the 

canonical Wnt/β-catenin pathway detectable by 

immunohistochemistry 8-10, 11-13, 15-20. 

No significant association was found between β-catenin 

expression score and sex, anatomic location, or major versus 

minor salivary gland origin. This finding suggests that, in the 

present series, β-catenin expression patterns were more closely 

related to histopathologic subtype, than to demographic or 

anatomic variables. 

This study had several limitations. First, the sample size was 

relatively small, especially for polymorphous adenocarcinoma, 

adenocarcinoma NOS, and secretory carcinoma. Second, the 

retrospective design had limited our access to complete clinical 

follow-up data, including the recurrence, metastasis, disease-

free survival, and overall survival. Third, some important 

clinicopathologic parameters, such as the tumor grade, 

perineural invasion, lymphovascular invasion, surgical margin 

status, and treatment history were not included in the final 

statistical analysis. Fourth, immunohistochemistry alone 

cannot confirm activation of the Wnt/β-catenin pathway 8, 9. 

Molecular analysis of pathway-related genes and regulators, 

such as CTNNB1, APC, AXIN, SFRP1, and WIF1, would be 

necessary to better clarify the biologic mechanisms underlying 

β-catenin redistribution 15, 17, 25. 

Conclusion 

The findings of this study suggested that β-catenin may be 

involved in the biological behavior and pathogenesis of 

salivary gland malignancies. However, its diagnostic value 

appeared to depend less on simple positivity or negativity and 

more on its subcellular localization. Cytoplasmic expression 

may reflect altered cell adhesion and possible involvement of 

β-catenin-related signaling in tumor progression, while the 

absence of nuclear expression suggests that overt activation of 

the canonical Wnt/β-catenin pathway was not evident in this 

series. Therefore, assessment of β-catenin localization may 

provide more meaningful biological insight than the evaluation 

of expression alone. 
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