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CORRESPONDENCE

Neurofibromatosis type 2 predisposes to ependymomas of various 
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Neurofibromatosis Type 2 (NF2) is a tumor predisposition syn-
drome resulting from inactivating alterations in the NF2 gene. 
Patients typically develop multiple neoplastic and dysplastic 
lesions, predominantly in the nervous system. Apart from 
schwannoma and meningioma, ependymoma belongs to the 
typical tumor spectrum of these patients. Sporadic ependymo-
mas encompass multiple clinically relevant subgroups based 
on localization, genetic alterations as well as epigenetic and 
transcriptomic tumor profiles [3]. However, the spectrum of 
ependymomas in patients with NF2 is less clear. Open ques-
tions are, whether NF2-associated ependymomas are strictly 
limited to the spinal cord, which molecular subgroups they 
encompass, and how they may be distinguished from sporadic 
cases. Here, we present data from 33 NF2-associated epend-
ymomas (Table 1). In-line with previous studies [2, 4], most 
tumors were located in the spinal cord, but often lacked typi-
cal pseudorosettes (Suppl. Fig. 1, online resource). However, 
we also identified 6 intracranial cases (cases 1–6), 3 of them 
arising distant from the medulla oblongata as suggested by 
MRI (cases 1, 2, and 6, Fig. 1, Suppl. Fig. 2, online resource). 

NF2 patients with intracranial tumors were 10.9 years old 
on average, as compared to 19.4 years in NF2 patients with 
spinal ependymoma (SP-EPN) and 41 years in patients with 
SP-EPN without reported NF2 [3]. In part, intracranial tumors 
displayed signs of anaplasia and loss of H3K27 trimethyla-
tion (Fig. 1, Suppl. Fig. 3, online resource), had to be treated 
aggressively, and resulted in the patient’s death (Suppl. Table 1, 
online resource). DNA methylation profiling and application of 
the brain tumor classifier [1] identified a significant match for 
posterior fossa ependymoma, group B (PF-EPN-B) for case 
3. Case 5 that was attached to the medulla oblongata matched 
the methylation class of spinal ependymoma (SP-EPN). Three 
other intracranial cases remained without significant match 
(Table 1, for t-SNE analysis, see Fig. 1m). All 14 SP-EPN with 
available molecular data clearly fell into the methylation class 
of SP-EPN. However, copy number variation profiles of NF2-
associated SP-EPN showed a rather flat genome compared to 
sporadic SP-EPN (Fig. 1n). Together, our data indicate that the 
spectrum of CNS tumors in NF2 patients includes ependymo-
mas of different types and localizations. 
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Table 1   Data overview table over 33 NF2-associated ependymomas

All patients were diagnosed with NF2. One patient was diagnosed with a SP-EPN at the age of 11 and an intracranial EPN in the fossa pos-
terior at the age of 15 (samples 24 and 2, respectively). Additional patient data relevant to the NF2 diagnosis were collected whenever avail-
able: reported occurrence of other NF2-associated tumors is depicted as a black square. For 8 cases, genetic profiling was accessible. Ger-
mline variants were detected after alignment with the RefSeq transcript NM_000268.3 (cases 19, 22, 31), NM_000268.4 (cases 2, 20, 24) or 
NM_181831.2 (case 1). Score = calibrated score from version 11bv4 of the DKFZ brain tumor classifier (www.​molec​ularn​europ​athol​ogy.​org)
EPN ependymoma, i. ventr. intraventricular, NF2 neurofibromatosis type 2, PF-EPN-B posterior fossa ependymoma group B, SP-EPN spinal 
ependymoma, vest. vestibular

http://www.molecularneuropathology.org


973Acta Neuropathologica (2021) 141:971–974	

1 3

o

# 

k j l 

H&E Ki67 H3K27me3 

gf he Case 2 Case 2Case 2
H3K27me3 

d

Ki67

c b

H&E

a Case 1

FLAIR cor

Case 1Case 1 Case 1

c

i 

T2 sagT2 sag T2 sag T1 CE sag

s

T2 ax

50 µm

n

m 

Case 2

Case 6Case 5Case 4Case 3

Fig. 1   Ependymomas in NF2 patients. MRIs demonstrate intracranial localization of cases 1–6 (a, e, i–l). Red arrows indicate ependymomas, 
white arrows meningiomas (*) or schwannomas (#). Representative histology lacks typical pseudorosettes (b, f), but shows high proliferation 
in cases 1 and 2 (c, g). H3K27 trimethylation was lost in case 1 (d), but retained in case 2 (h). T-SNE plot (m) including all DNA methylation 
classes published by Capper et al. 2018 [1] shows that case 1 is unrelated to any of the reference classes. Sample 3 clearly falls into the class of 
PF-EPN-B (n). Intracranial cases 2, 5, and 6 as well as all 14 spinal tumors fell into the class of SP-EPN. Cumulative copy number variation 
profiles from reference SP-EPN (n = 27) [1] and NF2-associated SP-EPN (n = 14) suggest less chromosomal aberrations in NF2-associated cases 
(o). ax axial, c cystic, cor coronal, s solid, sag sagittal, FLAIR fluid-attenuated inversion recovery sequence, CE contrast enhancement



974	 Acta Neuropathologica (2021) 141:971–974

1 3

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00401-​021-​02304-4.

Acknowledgements  We thank Nicole Bernhardt (Hamburg) for tech-
nical support. C.K. was sponsored by a fellowship of the University 
Cancer Center Hamburg (UCCH). U.S. receives funding from the För-
dergemeinschaft Kinderkrebszentrum Hamburg.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Capper D, Jones DTW, Sill M, Hovestadt V, Schrimpf D, Sturm 
D et al (2018) DNA methylation-based classification of central 
nervous system tumours. Nature 555:469–474

	 2.	 Coy S, Rashid R, Stemmer-Rachamimov A, Santagata S (2020) 
An update on the CNS manifestations of neurofibromatosis type 
2. Acta Neuropathol 139:643–665

	 3.	 Pajtler KW, Witt H, Sill M, Jones DTW, Hovestadt V, Katochwil F 
et al (2015) Molecular classification of ependymal tumors across 
cll CNS compartments, histopathological grades, and age groups. 
Cancer Cell 27:728–743

	 4.	 Plotkin SR, O’Donnell CC, Curry WT, Bove CM, MacCollin 
M, Nunes FP (2011) Spinal ependymomas in neurofibromatosis 
type 2: a retrospective analysis of 55 patients. J Neurosurg Spine 
14:543–547

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00401-021-02304-4
http://creativecommons.org/licenses/by/4.0/

	Neurofibromatosis type 2 predisposes to ependymomas of various localization, histology, and molecular subtype
	Acknowledgements 
	References




