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ABSTRACT 

Background: Meningioma is the most common primary CNS tumor, with biological behavior linked to histopathological grade. 

Molecular markers such as vimentin and progesterone receptor (PR) may help assess tumor aggressiveness. 

 

Methods: This cross-sectional study included 30 meningioma patients who underwent surgery at Haji Adam Malik Hospital, 

Medan. Vimentin and PR expression were evaluated using immunohistochemistry and scored from +1 to +3. Spearman’s test was 

used to analyze correlations with WHO grade. 

 

Results: Vimentin expression increased with tumor grade (r = +0.75, p < 0.001), while PR expression decreased (r = –0.68, p < 

0.001). A combined profile of high vimentin and low PR predicted grade II–III tumors with 68.9% sensitivity and 65.4% specificity. 

 

Conclusion: Vimentin and PR expression are significantly correlated with WHO grading in meningioma. Their combined 

evaluation may assist in predicting tumor aggressiveness. 
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INTRODUCTION 

Meningiomas are the most common primary intracranial tumors, originating from meningothelial cells and accounting for 

approximately 20%–35% of all brain neoplasms.1,2 Although typically benign (WHO grade I), higher-grade variants (grades II and 

III) may exhibit aggressive behavior and increased recurrence risk.3 

The WHO 2016 classification provides a basis for prognostic evaluation, but its predictive power remains limited. Therefore, 

biomarkers such as vimentin and progesterone receptor (PR) have been proposed to complement histopathological grading.4 

PR is expressed in up to 88% of meningiomas and has been associated with favorable prognosis, while low expression is 

linked to higher grades and recurrence.5,6 Vimentin, a cytoskeletal protein normally found in mesenchymal cells, is frequently 

expressed in higher-grade meningiomas and is implicated in tumor progression.7,8 This study aims to evaluate the correlation 

between vimentin and PR expression with WHO grading of meningiomas as potential adjuncts to routine histopathology. 

 

MATERIALS AND METHODS 
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Study Design and Setting 

This research was a retrospective analytical cross-sectional study conducted at the Department of Neurosurgery, Haji Adam 

Malik General Hospital, Medan. The study utilized medical records and histopathological samples from patients diagnosed with 

meningiomas who underwent surgical resection between the years 2020 and 2024. 

 

Study Population 

The study population comprised 42 patients with histopathologically confirmed intracranial meningiomas. Inclusion criteria 

included patients with complete medical records, availability of paraffin-embedded tumor tissue, and valid immunohistochemical 

staining results. Exclusion criteria were samples with incomplete data, poor tissue preservation, or mixed tumor histology that could 

not be clearly graded. 

 

WHO Grading 

Tumors were classified according to the 2016 World Health Organization (WHO) classification of tumors of the central 

nervous system. This classification divides meningiomas into grade I (benign), grade II (atypical), and grade III 

(malignant/anaplastic) based on histopathological features such as mitotic index, necrosis, brain invasion, and cellular atypia. 

 

Immunohistochemistry 

Immunohistochemical (IHC) staining was performed on formalin-fixed paraffin-embedded (FFPE) tumor sections using 

specific monoclonal antibodies against vimentin and progesterone receptor (PR). The tissue samples were sectioned at 3–5 microns, 

deparaffinized, rehydrated, and subjected to antigen retrieval. Slides were incubated with primary antibodies, followed by secondary 

antibody detection using a horseradish peroxidase (HRP) system and counterstaining with hematoxylin. Vimentin expression was 

interpreted based on cytoplasmic staining and considered positive if more than 10% of tumor cells stained positively. PR expression 

was evaluated based on nuclear staining, with results interpreted semi-quantitatively by two independent observers blinded to 

clinical data. 

 

Data Analysis 

All collected data were analyzed using IBM SPSS version 25. Descriptive statistics were used to summarize patient 

demographics, tumor characteristics, and biomarker expression levels. The Chi-square test was applied to determine associations 

between vimentin and PR expression with WHO histopathological grading. Additionally, Spearman’s rank correlation test was used 

to assess the strength and direction of the relationship between biomarker expression levels and tumor grade. A p-value of less than 

0.05 was considered statistically significant. 

 

RESULTS 

Patient Characteristics 

This study included 30 patients with meningioma who underwent surgical resection at Haji Adam Malik General Hospital. 

The mean age was 55.2 ± 12.3 years. Female patients accounted for 60% (n=18) and males for 40% (n=12). Tumor location was 

distributed among the convexity (40%), parasagittal (27%), and skull base (33%). WHO grading showed equal distribution across 

grade I, II, and III, with 10 patients (33.3%) in each group. No statistically significant differences were found between the groups 

(p > 0.05). 

Table 1. Subject Characteristics 

Parameter Total (n=30) p-value 

Mean Age 55.2 ± 12.3 years 0.231 
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Gender  0.452 

 Female 60% (n=18)  

 Male 40% (n=12)  

Tumor Location  0.637 

 Convexity 40% (n=12)  

 Parasagittal 27% (n=8)  

 Skull Base 33% (n=10)  

WHO Grading  1.000 

 Grade I 33.3% (n=10)  

 Grade II 33.3% (n=10)  

 Grade III 33.3% (n=10)  

 

Vimentin Expression 

Vimentin expression was assessed based on IHC staining intensity. In grade I tumors, most cases showed low expression, 

while grade III tumors showed predominantly strong expression. The mean staining intensity increased with tumor grade: +1.6 in 

grade I, +2.3 in grade II, and +2.7 in grade III. Spearman’s test revealed a strong positive correlation between vimentin expression 

and WHO grade (r = +0.75, p < 0.001). 

Table 2. Vimentin Expression by WHO Grade 

WHO Grade n +1 +2 +3 Mean Intensity 

Grade I 10 5 4 1 +1.6 

Grade II 10 2 5 3 +2.3 

Grade III 10 1 3 6 +2.7 

 

Progesterone Receptor (PR) Expression 

PR expression showed a decreasing trend with increasing tumor grade. Grade I tumors predominantly exhibited strong 

expression, while grade III showed more weak to moderate staining. Mean expression scores were +2.7 in grade I, +2.2 in grade II, 

and +1.8 in grade III. Spearman’s correlation showed a significant negative association (r = -0.68, p < 0.001). 

Table 3. PR Expression by WHO Grade 

WHO Grade n +1 +2 +3 Mean Intensity 

Grade I 10 0 3 7 +2.7 

Grade II 10 1 6 3 +2.2 

Grade III 10 4 4 2 +1.8 

 

Correlation Between Biomarkers and WHO Grading 

Spearman’s analysis showed moderate correlations between biomarkers and tumor grade. Vimentin had a positive correlation 

(r = +0.37, p = 0.009), while PR had a negative correlation (r = -0.35, p = 0.016). These findings suggest both biomarkers are 

moderately predictive of tumor grading. 

Table 4. Correlation Between Biomarkers and WHO Grade 

Variable Correlation Coefficient (r) p-value 

Vimentin Expression +0.37 0.009 

PR Expression –0.35 0.016 
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DISCUSSION 

The demographic profile in this study aligns with global epidemiology of meningioma. The average patient age was 55.2 ± 

12.3 years, with a female predominance (60%), consistent with findings that meningiomas are more prevalent in older women due 

to hormonal influences such as progesterone and estrogen.5,6 

Tumor locations were evenly distributed among the convexity, parasagittal, and skull base regions, which are the most 

commonly reported anatomical sites.9 Although skull base meningiomas tend to present with more complex symptoms, this study 

focused on histopathological grading rather than clinical outcomes. 

Vimentin expression showed a progressive increase with higher WHO grades, with a significant positive correlation (r = 

+0.75, p < 0.001). This finding supports the role of vimentin in tumor progression via mechanisms such as epithelial–mesenchymal 

transition (EMT), involving Wnt/β-catenin signaling10, angiogenesis through calpain-mediated MT1-MMP activation11, and 

radioresistance via NF-κB activation.12 Proteomic studies have shown vimentin to be differentially overexpressed in high-grade 

meningiomas compared to benign forms.13 However, its role in actual tumor invasion may depend on its phosphorylation state rather 

than total expression.14 

In contrast, PR expression decreased with increasing tumor grade (r = -0.68, p < 0.001), a pattern that aligns with findings 

that high PR levels are associated with better prognosis and lower recurrence risk.5,6 High-grade tumors often show reduced PR due 

to mechanisms such as PGR gene mutation, PR-B promoter methylation, and decreased hormonal responsiveness.15 Additionally, 

inverse correlation between PR and p40 (ΔNp63), a marker of histological progression, has been reported.16 Lower PR expression 

has also been found in recurrent and high-grade tumors.17 

The combined biomarker profile of high vimentin (> +2) and low PR (< +2) showed moderate diagnostic value, with 68.9% 

sensitivity and 65.4% specificity in predicting grade II–III meningiomas. These findings suggest that while neither marker is 

definitive on its own, both could serve as complementary tools in assessing tumor aggressiveness, particularly when integrated with 

standard histopathological criteria. 

 

CONCLUSION 

This study shows that vimentin expression increases and progesterone receptor (PR) expression decreases with higher WHO 

grading in meningioma. These biomarkers may serve as supportive indicators of tumor aggressiveness. While not independently 

definitive, their combined assessment improves prediction of grade II–III meningiomas and may aid in therapeutic planning. 
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