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Background
Duplication of PMP22

Peripheral Myelin Protein 22 (PMP22) gene on 
the 17p11.2-12.

Overload of the Endoplasmic Reticulum (ER) 

Molecular basis of the disease:

- PMP22 aggregates 
- Dys Demyelination

- Onion Bulb formation 
- Secondary axonal degradation 

Electron micrographs from the sciatic nerve of C3 mouse

Use of CRISPR-dCas9-DNMT3A to perform an epigenetic silencing of 
the Promoter 2 of PMP22 in order to restore the axonal degeneration and recover the wild 

type phenotype

Aim of the project

A. Uncompacted myelin outside   B. Hypomyelination of large axons         C. Thin myelin around large or       D. Macrophage indicating 
of the myelin sheath                                                                                                       lack of myelin around large           active demyelination

axons



CRISPR-dCas9-DNMT3A

→ 2 sgRNA 

AAV 2/9

→ MPZ promoter-SC specific
→ Intrathecal lumbar injection

C3 mice
PMP22dup Schwann cells

→ Copy number of hPMP22: 3-4
→ NCV: 25 m/s

→ Phenotype: mid demyelination 

Adapted from Vojta et al. Nucleic acids research, 2016.

Materials and Methods



sgRNA 34

sgRNA 121

S: Specificity score 
A: Annotation score 
E: Efficiency score

sgRNA



In vitro
Vector biodistribution  and cytotoxicity

DAY 0 DAY 7 DAY 8

Facs analysis

DAY 11

BrdU incorporation 
assay

Schwann Cell seeding

CRISPR-dCas9/DNMT3A 

C3  mouse

DAY 10

Seeding 
Transduced SC  

(TSc)

→SC-WT
→SC-PMP22dup
→SC-PMP22dup-mock
→sgRNA 121
→sgRNA 34

→COBRA 
→qPCR
→Western blot
→Immunocytochemical 
analysis



How to test AAV2/9 efficiency in vitro ?
Immunofluorescence assay

AAV2/9 → high tropism for Schwann cells

What is the system of delivery?

Therapeutic vector → CRISPR-dCAS9-DMT3A

AAV2/9 mock vector → high tropism for Schwann cells

Adapted from Gopika G. Nair et al. Nat Cell Biol. 2019Adapted from  Georgiou E. et al.,  2023

eGFP

SC-WT

SC-PMP22dup

control AAV2/9 mock vector sgRNA 121sgRNA 34



How to test the non-cytotoxicity of the treatment in vitro?

MTT assay

Adapted from Gao, F. et al. 2023

BrdU incorporation assay

Adapted from Crane AM et al., Methods Mol Biol. 2013

SC-WT
sgRNA 34 SC-PMP22dup-mock

sgRNA 121

SC-PMP22dup



EXPECTED RESULTS: in vitro
Does Methylation downregulate expression?

COBRA WESTERN BLOT qPCR
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Adapted from Gautier  et al. Nature communications, 2021
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Accumulation of PMP22

→ ER stress 

→ increase ASB7 expression

→PMP22 
aggregates
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In vivo

DAY 1                                                                DA  DAY 3 up to 12 weeks  

Histological Western blot                                     EMG
onion bulb on axon

SC- PMP22 dup PMP22 sc - PMP22dup
sgRNA                                             MPZ                                                  sgRNA34-121

comparison                               SC- WT
physiological
pathological

Behavioral tests
→ Randall Selitto test 
→ Grip test
→ Rotarod test



In vivo
Biodistribution of the mock AAV2/9-EGFP in PNS 

5 weeks following lumbar intrathecal injection
Biodistribution of the therapeutic vector AAV2/9-
CRISPR-dCas9-DMT3A in PNS 5 weeks following 

lumbar intrathecal injection
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Adapted from  Georgiou E. et al.,  2023 Molecular Therapy 



How to check the treatments efficiency ? 

Myelin protein zero (MPZ):

→ expressed by Schwann cells
→ main structural component of the myelin.

Pmp22  was upregulated relative to the myelin marker 
Mpz in CMT1A, resulting in higher expression of Pmp22

WESTERN BLOT

High NPX value equals a high protein concentration. 
Circulating Biomarker:

- Nf-L (marker for axonal degeneration) ;  
- TMPRSS5 (biomarker for myelinating). 

Blood concentration values 
NPX (Normalized Protein eXpression)

Adapted from Gautier  et al. Nature communications, 2021
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Adapted from  Hongge Wang, et al. 2020
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SC-WT

SC-PMP22dup

sgRNA34 

sgRNA121

The loss of myelin in CMT1A causes a delay in 
impulse transmission

After the treatment we can see a recovery of the 
impulse, due to  the correct reformation of the 

myelin around axons

In CMT1A the PMP22 overexpression causes decreased 
myelination,

recovery of axon myelination after treatment

In

Histological Electromyography

time (weeks)

Adapted from Gautier  et al. nature communications, 2021 Adapted from Gautier  et al. nature communications, 2021Fig 1
Fig 2

a.

b. c.

SC-WT                                                   SC-PMP22dup                                   sgRNA 

SC-WT                       SC-PMP22dup                        sgRNA



Does the treatment restore motor and sensitive 
defects?

Adapted from Gautier  et al. Nature communications, 2021

SC-WT

SC-PMP22dup

sgRNA34 

sgRNA121

Rotarod test Grip test Randall Selitto test 
(gram) (Newton) (second)



Pitfalls and Solutions Conclusion

→ Downregulation of PMP22 after 
Methylation of Promoter 2

→ No Onion Bulb formation 

→ Recovery of axon myelination after 
treatment 

→ Recovery of motor and sensitive 
functions as strength,  coordination 

and pain resistance. 

1) Off-target of CRISPR-dCas9

→ Use of multiple sgRNA

1) Ineffectiveness  of  treatment in late stages 
Due to excessive PMP22 aggregate accumulation

→Early diagnosis thanks to circulating biomarkers (NFL, 
TMPRSS5)

3) Translating this strategy into the Clinic

→ developing strategies to overcome the immunological 
barrier in humans 



CREDITS: This presentation template was created 
by Slidesgo, and includes icons by Flaticon and 
infographics & images by Freepik

Budget and Materials 

C3 mice PMP22dup Schwann cells + control animals + mice stabulation 595€ (x10) + 110 (x3) + 
10.000€

Culture medium supplements (DMEM, FBS, GlutaMAX, Penicillin + Strepromicine, 
ViraDuctin AAV Transduction Kit) 600€

Packaging plasmid AAV 2/9 600€

MTT Assay Kit (Cell proliferation) 499€

eBioscience™ BrdU Staining Kit for Flow Cytometry FITC 724€

COBRA (validated Methylated Analysis Primer Set, 300 reactions) 745,6€

WB Analysis kit + Antibody (Anti-PMP22, MPZ) 200€

RT-qPCR kit and equipments (Thermo Fisher Scientific) 1200€

Monoclonal Antibody (NF-L; TMPRSS5) 500€

AssayLite Multi-color Conjugated Antibodies Flow Cytometry (FACS Analysis kit) 595€

Immunofluorescence assay (anti-PMP22; GFP) 330€

CRISPR-dCAS9-DNMT3A + 2sgRN + Cas9 protein 3500€

Research team 150.000€/year 

Materials Costs

TOTAL COST OF 325.773,6€ 
FOR A TOTAL OF 2 YEARS OF RESEARCH

https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
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