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Abstract

The aim of this study is to identify immunohistochemical (IHC) markers that can reliably separate 

schwannoma (SCHW) and fibroblastic meningioma (FM). We selected 106 cases of intracranial 

SCHW (n=56) and FM (n=50) and constructed a tissue microarray (TMA) of core diameter of 1.0 

mm from archival formalin-fixed paraffin-embedded tissue. ATMA-IHC was performed using 14 

antibodies. After IHC staining, 98 cores were found suitable for evaluation. The IHC staining was 

scored as 0–2+ (0, negative; 1+, weak and/or focal 2+ strong and/or diffuse positive). A 

discriminant analysis (DA) (Wilks’Lambda test) was performed to assess the relative importance 

of these biomarkers in classifying the two groups FM and SCHW. It showed that WT-1 (Wilks’λ 
0.085, p<0.001), EMA (Wilks’λ 0.253, p<0.001), S100 (Wilks’λ 0.487, p<0.001), Claudin-1 

(Wilks’ λ 0.57, p<0.001) and Ezrin (Wilks’λ 0.656, p<0.001), SPARC (Wilks’λ 0.751, p<0.01), 

NP-Y (Wilks’λ, 0.819, p<0.001) and EGFR (Wilks’λ 0.845, p=0.026) were some of the 

statistically significant markers that discriminated SCHW and FM. For sensitivity and specificity 

for SCHW the significant markers [Area under the curve (95% CI), p-value] by ROC analysis 

were WT-1 [0.990(0.000, 1.000), <0.001], S100 [0.880(0.808, 0.951), <0.001] while for 
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diagnosing FM the most sensitive and specific markers were EMA [0.957(0.914, 1.000), <. 001], 

Claudin-1 [0.857(0.782, 0.932), <0.001] and ezrin [0.792(0.700,0.884),<0.001]. WT-1, Claudin-1 

and Ezrin may be potentially useful immunohistochemical adjuncts to EMA and S100 that 

differentiate SCHW from FM
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Introduction

SCHW and FM are usually distinguishable by their radiological and classic 

histomorphologic pattern on hematoxylineosin (HE) staining. However, in a small number of 

cases they might closely mimic one another especially when they are exclusively constituted 

by Antoni A areas or when nuclear palisading is not conspicuous. IHC markers routinely 

used to support the diagnosis of meningioma (MEN) and SCHW have been epithelial 

membrane antigen (EMA) and S100, respectively but these markers can be positive in both 

these tumors. In our experience we have felt that although EMA and S100 are essential in 

distinguishing these two entities, but these two alone may not be enough when tissue 

available for diagnosis is scant. With smaller size of the biopsies being now made available 

to the pathologist, there is a need to identify new IHC markers that would be beneficial in 

distinguishing SCHW from FM

Materials and Methods

Study Material

This is a retrospective study in which the records of neurosurgical specimens received at 

Institute of Pathology-ICMR were searched for reported intracranial SCHW from 2005 to 

2008 and FM from 1994 to 2008. The institutional ethical committee of Safdarjung Hospital, 

New Delhi, approved this study. As the study was retrospective, the informed patient consent 

was waived. However, any form of patient identification was avoided. The case files of 106 

patients (SCHW, n=56 and FM, grade 1, n=50) were selected as study material and their HE 

stained slides and paraffin blocks retrieved for further study.

Tissue Microarray (TMA) Construction

TMA construction was conducted at the ‘Tissue Microarray Research Program’ laboratory at 

National Cancer Institute, National Institutes of Health, MD, USA. HE stained slides for all 

these cases were studied and a consensus in diagnosis was reached. The cellular (Antoni A) 

areas of SCHW and FM were selected and marked on the H&E slide and subsequently on 

the paraffin blocks. Tissue cylinders of diameter 1.0 mm were punched from selected areas 

of the donor blocks and mounted into a recipient paraffin block with 0.8 mm intervals 

between the cores using a manual precision microarray instrument (Beecher Instruments, 

Silver Springs, MD, USA). The recipient block had a total of 106 tumor tissue samples. 

These samples were arranged in four sub arrays, two each for FM and SCHW and a separate 

row of 5 control tissues. To minimize the loss of tissue cores during cutting, a paraffin tape-

Singh et al. Page 2

Pathol Oncol Res. Author manuscript; available in PMC 2020 August 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



transfer system (Instrumedics, St Louis. MO, USA) was used. The TMA block was 

tempered overnight at 37°C and 4-μm sections were cut for IHC staining.

Immunohistochemistry

A literature search was done in pubmed for antibodies done in the past for MEN and neural 

tumors and 14 antibodies were selected for immunohistochemical staining. For IHC staining 

all TMA sections were deparaffinized through xylene and rehydrated. Slides were then 

incubated in 0.3% H2O2 in methanol for 30 min to block endogenous peroxidase. Antigen 

retrieval using optimized protocols was performed before incubation with each of the 

primary antibodies. Detection system was LSAB and the details of primary antibodies 

included in this study are shown in Table 1. The sections were then incubated in 3.3’ 

diaminobenzidine to develop the chromogenic substrate, washed and counterstained with 

hematoxylin. CD34(Dako) was also done on the TMA section to rule out another mimic, 

solitary fibrous tumor of meninges and none were found to be strongly CD34 positive. 

Positive controls used were as shown in Table 1. Negative controls included omission of 

primary antibodies.

Evaluation of Immunoreactivity

For each core on TMA, staining was recorded as 0–2+ (0, negative; 1+, weak and/or focal 

2+ strong and/or diffuse positive). The cores were labeled as non-informative if the tissue 

was lost during processing, there was no recognizable tumor or the immunostaining was 

inappropriate. A TMA core was considered adequate representation of the tumor if each 

core had at least 75% of representive tumor tissue. The TMA-IHC evaluation was 

independently done by two of the authors (AS, SMH) using a double-headed microscope 

and any discrepant cores were reassessed to arrive at a consensus score for each core. 98/106 

(92%) cores were found suitable for IHC evaluation and their detailed IHC scoring pattern is 

shown in Table 2.

Statistical Analysis

Discriminant analysis was performed to assess the relative importance of these biomarkers 

in classifying SCHW and FM. For testing the significance of discriminant model as a whole, 

F test (Wilks’ lambda) was estimated. The DA revealed many significant biomarkers, 

therefore to have a better idea for their discriminatory abilities Receiver Operating 

Characteristic (ROC) curve was drawn. The two sided p<0.05 was considered statistically 

significant. The data for the present study was analyzed by using SPSS software package, 

version 17, (SPSS Inc., Chicago, IL, USA).

Results

The TMA-IHC was evaluated in 50 SCHW (31 females, 19 males with age range 24–52, 

mean 38.5) and 48 FM (37 females and 11 males with age range 16–66 years, mean 42.5) 

each for IHC expression of the 14 markers. The IHC staining pattern of these proteins is 

shown in Fig. 1. EMA was expressed in 46/48 (95.8%) of FM but only 12% (6/50) of 

SCHW expressed this antigen. S100 was positively labeled in 41/50(82%) of SCHW and 

19/48 (39.5%) of FM. WT-1 protein was strongly expressed in the cytoplasm and 
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occasionally in the nuclei of SCHW (Fig. 2a) However, it was localized only in the 

endothelial cells of FM and was not expressed at all in the tumor cells(Fig. 2d).Claudin-1 

did not show any positive labeling in any of the SCHW (Fig. 2b) but was expressed in the 

cytoplasm of 43/48 FM (Fig. 2e). Ezrin was expressed in cytoplasm of 38% of SCHW (Fig. 

2c) but in contrast it was strongly and diffusely expressed in 95.8% of FM and was localized 

in both cytoplasm and membrane (Fig. 2f).

Discriminant analysis (Wilks’ lambda test) was performed to assess the relative importance 

of these 14 biomarkers in distinguishing SCHW from FM the results are shown in Table 3. It 

showed that WT-1 (Wilks’λ 0.085, p<0.001), EMA (Wilks’λ 0.253, p<0.001), S100 

(Wilks’λ 0.487, p<0.001), Claudin-1 (Wilks’ λ 0.57, p<0.001), Ezrin (Wilks’λ 0.656, 

p<0.001), SPARC (Wilks’λ 0.751, p<0.01), NP-Y (Wilks’λ, 0.819, p<0.001) and EGFR 

(Wilks’λ 0.845, p= 0.026) were some of the statistically significant markers that 

discriminated SCHW and FM. However, for analyzing the sensitivity and specificity of the 

two tumors it was noticed that for SCHW the significant markers [Area under the curve 

(95% CI), p] by ROC analysis were WT-1 [0.990(0.000, 1.000), <0.001], S100 [0.880(0.808, 

0.951), <0.001] while for FM the most significant markers were EMA [0.957 (0.914, 1.000), 

<0.001], ezrin [0.792(0.700,0.884),<0.001], and Claudin-1 [0.857(0.782, 0.932), <0.001]. 

The ROC curve for SCHW and FM are shown in Fig. 3.

Discussion

Meningiomas comprise about 13–26% of all primary intracranial tumors with FM 

constituting approximately 10% of all intracranial MEN [1]. Intracranial SCHW on other 

hand comprise 8% of all primary intracranial tumors and approximately 80% of them are 

seen in the cerebellopontine angle in relation to the vestibular nerve [2]. Although SCHW 

and FM are usually a straightforward diagnosis based on their histological pattern and 

cellular composition, occasionally it may be difficult to diagnose them purely on 

morphology, particularly in cases where the biopsy is of small size and does not adequately 

represent the whole lesion. The present study aims to compare the IHC profiles of FM and 

SCHW in an effort to identify potentially useful diagnostic IHC markers that can reliably 

distinguish these two entities in challenging situations.

IHC expression of epithelial membrane antigen (EMA) and S100 are routinely used to 

support the diagnosis of MEN and SCHW, respectively. However, EMA and S100 can be 

expressed by both these tumors. In MEN the expression of EMA is diffuse and 

predominantly membranous while it is focal and usually cytoplasmic in SCHW. S100 

expression is focal in MEN while it is more widespread in SCHW [3]. Theaker et al. [4] 

reported in their study on 13 MEN that all MEN were positive for EMA and S100 while 

Meis et al. [5] demonstrated that 25/50(50%) MEN were EMA positive but only 4/50(8%) 

were labeled by S100. Schnitt and Vogel [6] in their study on 22 MEN (including 3 FM) and 

8 SCHW reported that majority of MEN expressed strong EMA while all SCHW were 

negative for EMA. S100 was diffusely positive in all SCHW but only in 9/22 of MEN 

stained with S100. Studies of EMA expression in SCHW [7, 8] have yielded conflicting 

results with no staining in SCHW while Winek et al. [9] studied 7 SCHW and 40 MEN 

(including 11 FM) and reported that all FM were EMA positive but 15% were S100 positive. 
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SCHW on other hand were all labeled for S100 but 6/7(86%) were also focally positive for 

EMA. Artlich and Schmidt [10] in their series on MEN and SCHW reported that EMA and 

S100 were both positively labeled in 6/9(66.6%) of FM whereas EMA was negative and 

S100 positive in all 9/9 (100%) of SCHW. Both Perry et al. [11] and Carneiro et al. [12] in 

their studies on 20 cases each of FM demonstrated that both EMA and S100 were positive in 

80% of the cases. More recently, Hahn et al. [13] have reported that 20/20 and 18/20(90%) 

FM showed strong EMA and S100 positivity respectively. Sometimes EMA and S100 alone 

are not sufficient to distinguish these histological mimics especially on small biopsies. Thus, 

additional IHC markers would be beneficial in distinguishing these two tumors.

Studying immunohistochemical markers on whole tissue sections is a valuable but laborious 

task especially when screening large number of samples and markers. TMA is a useful 

research tool for the pathologist where one can comparatively analyze large number of tissue 

samples in a single slide under uniform staining conditions with high speed and cost 

effectiveness [14, 15]. In the present study, using TMA-IHC approach we found that WT-1, 

the Wilms tumor- 1 protein, was the most useful marker to differentiate FM from SCHW as 

it was expressed by the endothelial cells but did not label the tumor cells in FM while it was 

strongly expressed by tumor cells (cytoplasm more than nuclei) in SCHW (Wilks lambda 

0.085, p<0.001). There is only one report in published literature about IHC expression of 

WT-1 in SCHW [16]. WT-1 is a well-characterized tumor suppressor gene that is a 

transcriptional regulator with putative target genes including those for growth factors. The 

WT-1 protein overexpression in SCHW tumor cells suggests transcriptional activation of the 

WT-1 gene and its possible role in development of SCHW [17]. We had to change the 

diagnoses in four cases after using this combination of differentiating antibodies; 2 FM had 

been misdiagnosed as SCHW and 2 SCHW were wrongly diagnosed as FM. Since this study 

was performed on archival paraffin blocks of previously diagnosed cases and none of these 

four patients were under follow up they could not be informed about change in their 

diagnosis. It is important to differentiate FM from SCHW because FM if not resected 

completely, unlike SCHW they may have a propensity for aggressive clinical behavior like 

recurrence, hyperostosis and bone erosion.

Claudin-1 is a useful tight junction-associated protein that has been studied in MEN and 

SCHW and reported to be expressed in 17/20(85%) of MEN but not expressed at all in 

SCHW [13]. Bhattacharya et al. [18] have shown claudin-1 expression in 8/20(40%) of FM 

in comparison to no expression in SCHW. In our study we found that claudin-1 was 

expressed in 45/50(90%) of FM but in none of the SCHW. It has been previously 

documented that expression of ezrin-radixin-moesin (ERM) family of proteins is retained in 

SCHW despite loss of merlin [19]. However the only published study of 

immunohistochemical expression of ezrin in both FM and SCHW did not detect any ezrin 

expression [20]. More recently, reports about high-throughput microarray gene expression 

profiling studies in these tumors have shown that in SCHW, SPARC gene is upregulated 

while ezrin and merlin genes are downregulated [21, 22]. This finding was validated in our 

immunohistochemical observations where 46/48(95.8%) FM strongly expressed ezrin 

protein and in contrast there was under expression of ezrin protein in SCHW. More recently, 

Fine et al. [23] have reported calretinin immunoreactivity in 25 cases of extracranial SCHW 

and showed the usefulness of calretinin indistinguishing SCHW and neurofibroma. However 
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in our study calretinin was not expressed in either FM or SCHW and were not useful in 

discriminating these two entities.

Relationship of PR with MEN and SCHW has been a subject of numerous studies in the 

past, both in terms of its diagnostic and prognostic utility. The higher incidence of MEN and 

SCHW in women, their increased growth rate during pregnancy, and their association with 

breast cancer has suggested their possible role in the development of these tumors. PR 

expression is reported to be higher in WHO grade 1 MEN as compared to the grade 2 and 3 

MEN. However PR immunoreactitvity alone cannot predict the prognosis in MEN. PR status 

in combination with MIB1 proliferation index and pathological evaluation can give useful 

insights in predicting the biological behavior of MEN [24, 25]. Omulecka et al. [26] studied 

68 MEN for immunoexpression of PR and found that its positivity was 100% in 

meningothelial MEN but only 42% in fibrous MEN suggesting that PR is expressed in lower 

frequency in FM. PR status in SCHW is reported to be highly variable with staining pattern 

ranging from 0 to 100% [27, 28] and is unreliable as a diagnostic marker. Other antibodies 

like EGFR, Merlin, E-cadherin, nestin, NP-Y, and c-KIT were variably expressed in these 

two entities and were not very useful in differentiating FM from SCHW.

To conclude, our study suggests that WT-1, Claudin-1 and ezrin might be potential 

immunohistochemical markers in addition to traditionally available EMA and S100 to be 

used to distinguish SCHW and FM. For the purpose of practical utility and cost 

effectiveness, out of all these markers we have been using a panel of 4 antibodies; EMA, 

S100, WT-1 and Claudin-1 in our laboratory whenever we face a diagnostic dilemma 

between these two entities and have been satisfied with the results. However, further 

validation is warranted before these markers are routinely used and recommended as a 

diagnostic panel
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Fig. 1. 
Comparative immunohistochemical staining in TMA cores of FM and SCHW (×100)
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Fig. 2. 
Immunohistochemical localization of WT-1 in SCHW(a), FM(d), claudin-1 in SCHW(b), 

FM (e), and ezrin in SCHW(c), FM (f)
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Fig. 3. 
a ROC for schwannoma, b ROC for fibroblastic meningioma
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Table 3

Result of discriminant analysis

Biomarkers Wilks’ lambda F df1 df2 Sig.

WT-1  0.085 1056.86 1 98 <0.001

EMA  0.253  289.834 1 98 <0.001

S100  0.487  103.173 1 98 <0.001

Claudin-1  0.57  73.961 1 98 <0.001

Ezrin  0.656  51.495 1 98 <0.001

SPARC  0.751  32.504 1 98 <0.001

NP-Y  0.819  21.613 1 98 <0.001

EGFR  0.845  18.01 1 98 <0.026

c-KIT  0.95 5.125 1 98  0.057

Merlin  0.971 2.913 1 98  0.091

PR  0.974 2.658 1 98  0.106

Nestin  0.987 1.329 1 98  0.252

Calretinin  0.99 0.987 1 98  0.323

E-cadh  1.0 0.035 1 98  0.851
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