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Neurofibromatosis Type 2 (NF2)

Clinical manifestations of neurofibromatosis type 2 (Asthagiri et al., 2009)

NF2 is characterized by the development of multiple
schwannomas, meningiomas and spinal cord
ependymomas.

Defects in the NF2 gene located on chromosome 22q12
and the consecutive loss of its protein merlin.

Hallmark of NF2 is bilateral VESTIBULAR SCHWANNOMA,
present in almost all patients.

Symptoms: hearing loss, tinnitus, imbalance, dizziness,
nausea, vomiting, or vertigo.

Mutations of the NF2 gene include non-sense (29–39%),
splice-site (25%), frameshift (25–27%), and missense (5–
7%) mutations (Evans DGR et al., 1999).

Treatment: surgery is the preferred therapy for VS with a
diameter greater than 3 cm.
Not applicable in cases where the risk of paralysis of the
facial nerve and hearing loss is high.
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rat SCs exposed to EMFs:

– the oncosuppressor Nf2/merlin is decreased, in
turn changing the cell phenotype toward a
proliferative/migrating state;

– the MAPK/ERK signalling, which is mainly
involved in cell proliferation, is activated;

– the Hippo intracellular signalling is activated:
transcription is OFF…..suppression is ON

We suggest: 

….when SCs are altered by EMF exposure, the risk to develop 

a schwannoma might increase.







EMF effects on the epigenetic profile of SCs



EMFs effects on the expression of  some genes



EMF effects on mithocondrial function



Summary

• Effects on cell growth: increased proliferation and anchorage-

independent growth.

• Effects on epigenetic profiling: increased transcriptional activity and

change in differentiation status.

• Effects on mitochondrial function: decreased mitochondrial

function.
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Proliferation of HEI-193 cells 
exposed to acute and chronic EMF









Clustering of Hippo path



Summary

• Chronic EMF exposure modify rat SCs proliferation, in parallel with

intracellular signaling

• Some metabolic pathways changes, mostly related to translation and

mitochondrial activities

• Expression of HL-related genes (e.g. NEFL, TPRN, OTOGL, GJB2, and REST)

deregulated in chronic EMF exposure.





SWN is a tumor predisposition syndromes, that
predispose to the development of multiple
intracranial (~8%), spinal (~75%) and peripheral
schwannomas (~90%)

Schwannomas might change into MPNST or induce
other anaplastic tumor such as craniopharyngioma
or meningioma

SWN is a rare disorder, estimated incidence of
1/40,000 to 1/60,000

Schwannomas are composed almost exclusively of
Schwann cells

Schwannomatosis

classic Antoni A cellular tissue
and whorl formation

(Brain Pathology 24 (2014) 205–220)



The most common
symptom reported by
SWN patients is pain,
either local or diffuse

Painful



- NF2-related schwannomatosis (first NF2 or SWN type II)

- SMARCB1-related schwannomatosis (first SWN type III)

- LZTR1-related schwannomatosis (first SWN type III)

- 22q-related schwannomatosis (NO germline mutation)
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purified hSCs

post-digestion
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Two cell sub-lines: one hypodiploid 45,XY,-22

one hypotetraploid 80-82 chrs

Copy Variation Number….22q loss !!!

Exon 1 LoF

LoF
Exon 5

variant allele
frequency



Summary

 The hSC line obtained is an excellent in vitro tool of SWN, for
further studies: e.g. wide genome screening, genomic editing, etc.

 The hSC line obtained is unique, bearing rare NF2/LTZR1 mutations

 The characterization of hSCs from patients with different genotype-
phenotype allows the identification of other molecular pathw and/or
genes of SWN

 The method is replicable and may be relevant for precision medicine
and patient-tailored therapies





role of SCs in tumor-immune microenvironment


