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ATP: an extracellular signaling molecule
between neurons and glia

R. Douglas Fields and Beth Stevens

Recent studies on Schwann cells at the lar j ion and

ynaptic regions of
p yeli d axons indi that extr ATP can act as an activity-dependent signaling

lecul icati neurons and glia. Several mechanisms have been observed
for the regulated release of ATP from synaptic and non-synaptic regions, and a diverse family of
receptors for extracellular ATP has been characterized. The findings suggest functional
consequences of neuron—glial communication beyond homeostasis of the extracellular

in :

envir sur neu y

ynaptic strength, gene expression, mitotic
rate, and differentiation of glia according to impulse activity in neural circuits.
Trends Neurosci. (2000) 23, 625-633
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Nonmyelinating SCs

Facilitate tumor dispersion

Myelinating SCs

Support parineural invasion

The Emerging Role of Schwann Cells in the Tumor Immune
Microenvironment and Its Potential Clinical Application

Shan Zhang ", Jing Chen ', Fanjun Cheng * and Fang Zheng >*

Int. | Mel. Sci. 2024, 25,13722. https:/ / doi.org/ 10.3390/ ijms252413722
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Schwann Cells in the Tumor Microenvironment: Need
Leqi Sun,' Shuhal Chen,” and Mingyou Chen (5"

More Attention

SCs in the tumor-nerve niche

SCs-tumor interactions
» Strong affinity
« Synergistically promote FMI

Endoneurium

PMI of cancer

5Cs promote nerve recruitment
« Axon genesis
» Meurogenesis

y

A -k"Q Schwann cells
&  Tumor cells
~— Nerve fibers

Merve injury
e Neurotrophic factors/chemokines

Tumor innervation

FiGurke 1: Schematic diagram of how Schwann cells (SCs) undergo reprogramming and facilitate perineural invasion (PNI) and tumor
innervation. SCs show a strong affinity with cancer cells, even in the early stage of tumorigenesis. Tumors attracted by SCs (nerve) or
developed actively invade the nerves to form the tumor-nerve niche, and SCs in this microenvironment undergo reprogramming.
Reprogrammed SCs further promote nerve recruitment through axon genesis and follow neurogenesis, which finally induce the tumor
innervation. Reprogrammed SCs can also synergistically promote PNI, thus constituting positive feedback of cancer-nerve crosstalk.
Abbreviation: PNI, perineural invasion; SCs, Schwann cells.



Genetic Events and Signaling Mechanisms

Underlying Schwann Cell Fate in Development

and Cancer

Wenasangery 88:334-345, 2021
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Neurofibromatosis Type 2 (NF2)

Neurological findings Ocular findings

Cranial meningioma Cataract

Bilateral vestibular
nerve schwannomas

Other cranial

Peripheral nerve tumour 7 \ Epiretinal membrane

Retinal hamartoma

Spinal cord
astrocytoma

Cutaneous findings

schwannomas 9 Subcutaneous tumour

Peripheral neuropathy

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
Clinical manifestations of neurofibromatosis type 2 (Asthagiri et al., 2009) faC|a| nerve and hearlng |OSS |S hlgh
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In vitro Schwann cells exposed to EMF

50 Hz, 0.1 T, 10 min

-
IFL
- CELL PROLIF.
7 | , WB and qRT-PCR
’ ' | " WOUND HEALING
RT2 Profiler PCR
SCHWANN
CELLS
acute -————b day1 1 exposure S50Hz 0.1T, 10 min
Exp scheme day1 1 exposure 50 Hz, 0.1 T, 10 min
day 2 1 exposure 50 Hz, 0.1 T, 10 min
chronic —— day 3 1 exposure 50 Hz, 0.1 T, 10 min
dav4 1 exposure 50 Hz, 0.1 T, 10 min
day 5 1 exposure 50 Hz, 0.1 T, 10 min
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rat SCs exposed to EMFs:

We suggest:

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

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

a schwannoma might increase.
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Tumor suppressor Nf2/merlin drives Schwann cell
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EMF effects on the epigenetic profile of SCs
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EMFs effects on the expression of some genes
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EMF effects on mithocondrial function
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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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Electromagnetic field-induced adaptive response in Schwann
cells through DNA methylation, histone deacetylation, and
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Meuratherapeutics (2014) 13:295-310 @,: .
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REVIEW

Electrical Stimulation to Enhance Axon Regeneration After
Peripheral Nerve Injuries in Animal Models and Humans

Tesa Gordon’

UL




Ferrigno et al. Bio. Mat. 2020

Wound Healing

Muscle

He et al. Advanced Science 2019



Neurofibromatosis Type 2 (NF2)

Cranial meningioma

Bilateral vestibular
nerve schwannomas

Other cranial
nerve schwannoma

Spinal meningioma

Spinal cord
astrocytoma

Spinal
schwannomas

Peripheral neuropathy

Cataract

retinal membrane

Retinal hamartoma

Subcutaneous tumour

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

Balance
(vestibular) nerve
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Cell number 107

Proliferation of HEI-193 cells
exposed to acute and chronic EMF
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Figure 2. Proliferation effects on HEI-193 cells exposed to acute and chronic EMF. (A) Scheme of the experimental protocol
applied. HEI-193 cells were exposed to EMF of 50 Hz, 0.1 T, for one 10-min single treatment (acute protocol) or for 10-min
treatment/per day for five days (every 24 h at the same time; chronic protocol). Then, the cells were assayed for prolifera-
tion, migration, vitality, and NG5 sequencing. (B) Proliferation was assessed at 6, 24, 48, 72, and 96 h, following a single
acute EMF exposure. Experiments were repeated at least three times and data expressed as cell number + SEM of the mean.
(C) Proliferation was assessed at 24, 48, 72, 96, and 120 h, following a five day chronic EMF exposure. EMFs produced a
significant increase in cell proliferation at 96 (* p < 0.05) and 120 (**** p < 0.0001) h. Experiments were repeated at least
three times and data expressed as cell number + SEM of the mean. Two-way ANOVA using Sidak's post-hoc test was used
for statistical analysis.
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Figure 3. Migration and viability effects on HEI-193 cells exposed to acute and chronic EMF. (4) Cell viability was assessed
by the MTT assay at 6, 24, 45, 72 and 96 h following a single acute EMF exposure. Each experimental point was in quad-
ruplicate and experiments replicated at least three times; data were expressed as absorbance + SEM of the mean. (B) Cell
viability was assessed at 24, 48, 72, 96, and 120 h, following completion of a 5-day chronic EMF exposure. Each experi-

at least three times; data were expressed as absorbance =

mental point was in

SEM of the mean. (C) Cell migration was

assessed at 6, 24, 48, and 72 h, following a single acute EMF exposure. EMF

treatment was associated with a significant decrease in cell migration at 24 (* p <0.05), 48 (**p <0.01), and 72 (* p <0.05) h.
Experiments were repeated at least three times. Each data point was calculated as the difference of the 2D scratched area
(at time 0) minus the 2D remaining area at each specific time point, representing the 2D area covered by the cell migration.
Data were expressed in pm? = SEM of the mean. (D) Cell migration was assessed at 6, 24, and 48 following a chronic EMF
exposure. Experiments were repeated at least three times. Each data point was calculated as the difference of the 2D
scratched area (at time 0) minus the 2D remaining area at each specific time point, representing the 2D area covered by
the cell migration. Data were expressed in pm? = SEM of the mean. Two-way ANOVA using Sidaki’s post-hoc test was

wused for statistical analysis.
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Table 1. Major signaling pathways upregulated in HEI-193 cells following chronic EMF exposure.

Pathway Direction NES P adj
Cotranslational protein targeting to membrane Up 7.859 2.30 = 1010
Emmmmms)y  Protein targeting to ER Up 7.807 5.30 = 1010
SRP dependent cotranslational protein targeting to membrane Up 7.797 2.30 > 10-10
Establishment of protein localization to endoplasmic reticulum Up 7.585 2.30 = 1010
I Mitochondrial translational elongation Up 6.081 6.10 = 10—
msssssmm)  Mitochondrial translational termination Up 6.022 6.70 = 10-¢
I Translational termination Up 5.668 1.50 = 10-=
Mitochondral respiratory chain complex assembly Up 4.546 9.00 = 10~
Mitochondrial ATP synthesis coupled electron transport Up 4404 120 > 10
Cytoplasmic translation Up 4.360 1.50 =10
ATP synthesis coupled electron transport Up 4.234 1.90 =10
NADH dehydrogenase complex assembly Up 3.955 6.60 » 10-#
Mitochondrial respiratory chain complex I assembly Up 3.955 6.60 = 10
Ribosomal large subunit biogenesis Up 3.920 6.60 > 10-*
Respiratory electron transport chain Up 3.858 6.60 > 10-*
mmmmm)  Ribosome assembly Up 3.414 3.10 = 10-2




Clustering of Hippo path
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Figure 5. Identification of Hippo and HL-related DEGs in HEIL-193 cells following chronic EMF. (A) Clustering of the
Hippo-related genes that are deregulated in V5 cells from control (CTRL) versus EMF exposed. (B) Clustering of the HIL-
related genes that are deregulated in V5 cells from CTRL versus EMF exposed.



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.
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Article

Transcriptomic Profile Reveals Deregulation of Hearing-Loss
Related Genes in Vestibular Schwannoma Cells Following
Electromagnetic Field Exposure

Alessandra Colciago 15, Matteo Audano 17, Veronica Bonalume 17, Valentina Melfi 17, Tasnim Mohamed 1,

Adam J. Reid 2,300, Alessandro Faroni 27, Peter A. Greer 4, Nico Mitro 1"’ and Valerio Magnaghi 1+



Schwannomatosis

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

classic Antoni A cellular tissue
and whorl formation

(Brain Pathology 24 (2014) 205-220)




Neurology

Whole-body imaging in schwannomatosis

Avneesh Chhabra, MD, and Jaishri Blakely, MD'  AUTHORS INFO & AFFILIATIONS

June 7, 2011 issue * 76 (23) 2035 » https://doi.org/10.1212/\WNL.0b013e31821e55b0

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

<— Painful
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Genetics

MEdiC].I\E Heterozygous PV Full NF2-related SWN
—— | InNF2, SMARCB1, |+ clinical features ——— | Full SMARCB1-related SWN
] z 4L or LZTR1 Full LZTR1-related SWN
U",aﬁgaad Testing for PV PVin NF2, Mosaic NF2-related SWN
Suc:?::i:od = In NF2, SMARCE ], me—pry- | SMARCBI, or LZTR1 | + clinical features =————— | Mosaic SMARCS1-related SWN
- and LZTR1 with VAF clearly less Mosaic LZTR1-related SWN
ARTIC LE or saliva than 50%

Mo PV In NF2,
SMARCB1, or LZTR1

Updated diagnostic criteria and nomenclature for
neurofibromatosis type 2 and schwannomatosis: An l

im

international consensus recommendation | e

. Testing of 2 or more LZTR1
Scott R. Plotkin™*(, Ludwine Messiaen®, Eric LEgms Patrice PEI‘IIZE Robert A. Avery’, anatomically =y ;f’r”u":
Jaishri 0. BLEkElE}r Du.51|:a Babovic-Vuksanovic’, Rosalie Ferner Michael 3. Fisher’, unrelated umors No shared PV In in tumors
Jan M. Friedman'”, Marco Giovannini'®, David H. Gu.trnanrl , Clemens Oliver Hanemann ™ — VP2, SMARCEL of
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NF2-related schwannomatosis (first NF2 or SWN type 1)

SMARCB1-related schwannomatosis (first SWN type I1)

LZTR1-related schwannomatosis (first SWN type I11)

22qg-related schwannomatosis (NO germline mutation)
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Copy Variation Number....22q loss !

Variant Effect on VAF | ACMG criteria Reported
protein ey
LZTR1 NM_006767.4:c.2 | p.(GIn10Alafs*2 | 64% | Class 5 ClinVar
7dup Exon1 4) LoF pathogenic 24362817
(PVS1vs, 32623905
PM2sup, PP5s)
NF2 NM_000268.4.c.4 | p.(?) LoF 32% | Class 4 likely
48-21_452del Exon g pathogenic -
(PVS1s, PM2sup

Two cell sub-lines:  one hypodiploid 45,XY,-22
one hypotetraploid 80-82 chrs



Summary

The hSC line obtained is an excellent /n 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
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The Emerging Role of Schwann Cells in the Tumor Immune
Microenvironment and Its Potential Clinical Application

Fanjun Cheng *

Shan Zhang ', Jing Chen 1,

‘ang Zheng **

and F.

Int. J. Mel. Sci. 2024, 25, 13722. https:// doi.org/ 10.3390/ ijms252413722

role of SCs in tumor-immune microenvironment
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