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Neuropatie ereditarie tipo Charcot-Marie-Tooth (CMT)

Descritte per la prima volta nel 1886 da
Jean-Martin Charcot, Pierre Marie, e Howard Henry Tooth

PREVALENZA <1/2.500
(sono quindi malattie rare)


http://it.wikipedia.org/wiki/Jean-Martin_Charcot
http://it.wikipedia.org/wiki/Pierre_Marie
http://it.wikipedia.org/w/index.php?title=Howard_Henry_Tooth&action=edit&redlink=1

Neuropatie ereditarie: aspetti clinici

PAZIENTE:

*Deficit motori distali (piedi, mani, < faccia e tronco)
*Atrofia muscolare distale

*Deficit sensitivi distali

Disturbi dell’equilibrio (deficit sensibilita profonda)
*Dolore

*Deformita ossee




Neuropatie ereditarie: aspetti clinici

Pareyson 2005

Aspetto caratteristico gambe con aspetto di bottiglia di Champagne rovesciata e
piede cavo

Esordio poco definibile, spesso presente dalla giovane eta
Neuropatia sensitivo motoria (forme sensitive pure, forme motorie pure)




Neuropatie ereditarie: classificazione

Sulla base della neurofisiologia

FORME DEMIELINIZZANTI (CMT1, CMT4):
velocita di conduzione motoria < 38 m/s agli arti superiori

FORME ASSONALI (CMT?2)
velocita di conduzione motoria > 38 m/s agli arti superiori

FORME INTERMEDIE
velocita di conduzione motoria >25 m/s <45 m/s




Nerve fiber Myelin
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Disruption of axon function

Previtali, Quattrini, Bolino; Exp Rev Mol Med 2008



Neuropatie ereditarie: classificazione
Sulla base della trasmissione

FORME DEMIELINIZZANTI AD

Dominanti CMT1 v oorm W,
Recessive CMT4
X-linked CMTX

FORME ASSONALI

Dominanti CMT?2 AR
Recessive AR-CMT?2

X-linked CMTX

FORME INTERMEDIE 2 ¥
Dominanti AD-I slinked | .’ I 1l
Recessive AR-I ikt B i fodl I

X-linked CMTX-i w0 s ll i|l
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Neuropatie ereditarie: classificazione
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Neuropatie ereditarie: classificazione
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CMT: un gene, molti fenotipi

PMP22, peripheral myelin protein 22

CMT1A demyelinating
HNPP demyelinating
DSS demyelinating
CHN demyelinating

MPZ, Myelin protein zero

CMT1B demyelinating
DSS demyelinating
CHN demyelinating
CMT2 axonal
HNPP/CMT4B like demyelinating
I-CMT intermediate

GBJ1, Connexin 32

CMTX1 demyelinating
I-CMT intermediate
CMT2 axonal




CMT: una neuropatia, molteplici pattern molecolari

MTMR2/MTMR1 3:
membrane trafficking?

Schwann cell A

Lamin A/C
EGR2: transcription factor

NDRGT1: ER stress response?
LITAF: protein degradation?

GDAP1: detoxification pathways?

Basal lamina

=N

)))

=
"' A hY
’/.-. ’ ,/ \ / \\\
£ A\ [ b
L \ /’ \"\
Y \ b3
=~ v & s 4 Ny
.~ Non-compact / ; !
it li / 4 Y / . N
L myelin p / Cytoskeleton v Basal lamina M
Schmidt-Lanterman Phosphorylated L-periaxin
incisure |

|Hypophosphorylated

Sygie vesicle

e o g . ) ) | Ext.
Microtubules DyStroglyca i

e |—Laminin-2_ ||

Kinesin KIF1Bp & Al
Basal lamina

membrane trafficking? |

RAB7-GTP binding:
Suter and Scherer, Nature Neurosci. 2003



CMT: una neuropatia, molteplici pattern molecolari

Awnal rarsport  Toun wum
HSPA1 KFSA SPnc1 oc

NEFL  KFI1A SPTLC2 SLOSAT

BICD2  MYM14

DYNCIHI

Rossor, Nat Rev Neurol 2013
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Come distinguere e diagnosticare le diverse forme di CMT ?



Neuropatie ereditarie: diagnosi

1. Forme primarie (CMT)
2. Neuropatie che appartengono a disordini multisistemici



Neuropatie ereditarie: diagnosi

Ereditarieta N B

1
1.Autosomica Dominante . L
2.Autosomica Recessiva rj
3.X-linked
4 .Sporadica e s

* Progressione lenta
 Simmetrica e distale
 Deformita scheletriche




Neuropatie ereditarie: diagnosi

fenotipo

B . o + CMT1A  70% di CMT1
- 50% di tutte CMT
A + CMT1B  5-10% di CMT1

assonali tardive

« CTX 10% di tutte le CMT

N

R R e demielinizzanti in uomo,
»°fc.5~:.\w°,‘” A b assonali in donna

T % AR 2 IRy - . . . .

s e - CMT2A segni piramidali
Identificazione del gene . CMT4A, 4B paralisi corde vocali
« CMT4C scoliosi
diagnosi « CMT4B2 glaucoma

« CMT1D, 4B nervi cranici

terapia « CMTX5 sordita




The new age

fenotipo ‘

ORIGINAL ARTICLE

2 P | AT Whole-Genome Sequencing in a Patient

’ sl with Charcot—Marie-Tooth Neuropathy
. . James R. Lupski, M.D.. Ph.D., Jeffrey G. Reid, Ph.D., Claudia Gonzaga-lauregui, |
|dentificazione del gene yavid Rio Deiros, B.S., David C.. Chen, M.Sc. Lynne Nazareth, Ph.0
Matthew Bainbndge, M5 Huyen Dinh, 5.5, Chyn Jing. M.S
{ } my McG PhD. ¥ Fhar F
Paw an witz. N ' M X M.I e f f
diagnosi L | Eal B Dorin B M A S, S R A G Tl

N ENGL) MED 362,13 NEJM.ORG APRIL )Y, 2010

terapia




Possibile flowchart di analisi: utilizzo di pannelli NGS

Se positivo

demielinizzante

N/

Duplicazione/delezione
PMP22

Diagnosi
CMT1A
HNPP

Sospétto
CMT

assonale

L

Se negativo

Pannello NGS per CMT

(OSR: AARS , ARHGEF10, ATP7A, BSCL2,
CTDP1, DCTN1, DNAJB2, DNM2, DYNC1H1,
EGR2, FBLN5, FGD4, FIG4, GAN, GARS, GDAP1,
GJB1, GJB3, HARS, HK1, HSPB1, HSPB3, HSPBS,
IGHMBP2, INF2, KARS, KIF5A, LITAF, LMNA,
LRSAM1, MED25, MFN2, MPZ, MTMR2, NDRG,
NEFL, PLEKHGS5, PMP22, POLG, PRPS1, PRX,
REEP1, SBF2, SETX, SH3TC2, SLC5A7, SOX10,
SPTLC1, SPTLC2, SURF1, TDP1, TRPV4, VCP,
YARS)

Se positivo e negativo
' ' WES (esoma)
D CMT
o WGS (genoma)




HNPP

« Causata dalla delezione del gene PMP22 (presenza di una sola
copia del gene; o mutazioni puntiformi)

i mm—

[ TT Teweea] [T ] [ HNPP
[ 1T Teweaa] [T ] [ [EESATN SRS [ CMT1A

NORMAL



Se positivo

demielinizzante

\

Duplicazione/delezione
PMP22

Diagnosi
CMT1A
HNPP

Male
X-linked pedigree
Split hand syndrome

Se negativo

Possibile flowchart di analisi: utilizzo di pannelli NGS

assonale

L

Pannello NGS per CMT

(OSR: AARS , ARHGEF10, ATP7A, BSCL2,
CTDP1, DCTN1, DNAJB2, DNM2, DYNC1H1,
EGR2, FBLN5, FGD4, FIG4, GAN, GARS, GDAP1,
GJB1, GJB3, HARS, HK1, HSPB1, HSPB3, HSPBS,
IGHMBP2, INF2, KARS, KIF5A, LITAF, LMNA,
LRSAM1, MED25, MFN2, MPZ, MTMR2, NDRG,
NEFL, PLEKHGS5, PMP22, POLG, PRPS1, PRX,
REEP1, SBF2, SETX, SH3TC2, SLC5A7, SOX10,
SPTLC1, SPTLC2, SURF1, TDP1, TRPV4, VCP,

YARS)
Se positivo e negativo
' ' WES (esoma)
D CMT
o WGS (genoma)




Sequenziamento dell’'esoma o del genoma

jl> WES
WGS

>

Step 1 = e -
Known neuropathy Definite cause
mutation — i
(OMIM, HGMD) Yes
O o Yes
Step 2

Minor allele frequency <0.0001
(NHBLI ESPE500 Exome, dbSNP, 1K Genome)

Step 5
Q Yes Variant tracks with neuropathy in other families
: Cell culture studies show functional impact

~ Novel Variants

< L Yes Probable cause
Step 3 7 B N _
Functional impact or
Conserved amino acid
(Polyphen 2, SIFT, GERP score) Yes

<L Yes

' 2 Yes
A Step 4
Possible cause D | Variant tracks with neuropathy in family




LA RICERCA DI UNA TERAPIA




Misure di outcome in CMT

CMT Neuropathy Score — Version 2

Patient Name: Date: Evaluator:

Parameter 3 4

Senzory N Symptoms below or Symptoms up to the distal half 53 llhzlf:‘:-t:lf Symptoms above knee (above
symptoms’ at ankle bones of the calf : Sodine ke ; the top of the patelia)

Tnps, catches toes, bl
Mmlszl None S';:.ps feet m(l;m" l). Po: —— Walking aads (cane, walker) Wheelchau
nsests =

Proximal weakness (affect
Motor symptoms Mid difficulty with  Severe dafficulty or unable to
None " dot Unable to cut most food: movements mvolving the

elbow and above)

» Decreazed up to the proxumal
N 1 Decieazed below or Decreased up to the duztal half Ralf of the calf inchud Decreazed above knee (above

Pupnck
senubihty'” at ankle bones of the calf o the top of the patsila)

Nommal Reduced at great toe Reduced at ankle Reduced at Absent at knee and ankle

knee (nbaal mberosity)
4+ 4 or 4- on foot

Normal  dorsiflexson or = 3 on foot dorsiflexion or < 3 on foot dors: and

pl a < 3 on foot plantar flexion < 3 on plantar flexica

4+4o0r4-0n
Normal mh‘nd <3 on wtrmzic hand muscles” < 5 on wnst extensors Weak above elbow
muscles

~SmV 45 %5mV 23%mV 0119 mV Abzent
(~4mV) (28-39) (12-27) ©.1-11) (Absent)

z15uV 10-139uV 5-99uV 1-49uV <1uV

CMTSS Subtotal
CMTES Subtotal
CMTNS Total




Misure di outcoma in CMT

‘Morrow '2"b15



Strength
Myometern

Y hole-peg test Dl Sensation

O min
walking

{est

2 i y
F oot posture salance - BO1-2

index




SCOPRIRE | MECCANISMI MOLECOLARI




Regolazione della quantita di mielina
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Regolazione della quantita di mielina

Published online: October 31,2016
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Niacin-mediated Tace activation ameliorates CMT
neuropathies with focal hypermyelination
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Regolazione della quantita di proteine

Mouse CMT1 B
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Terapia cellulare e genetica

Coxd i retroviral
Induction

LA AN

fibroblasts
from patients

—

-

Neural oefls Cardiac cdls



ClinicalTrials.gov

PXT3003 is a rational design, fixed combination of low-dose
(RS) baclofen, naltrexone hydrochloride and D-sorbitol.
Pharnext SA

Long Term Safety and Tolerability

Charcot-Marie-Tooth Type 1A (CMT1A)

Study of ACE-083 in Patients With Charcot-Marie-Tooth Disease
CMT1 and CMTX

Phase 2

Anti-miostatin

Acceleron Pharma, Inc.

Study of Phase I/lla Trial Evaluating scAAV1.tMCK.NTF3 for
Treatment of CMT1A

(NT3 expression in muscle, secretion as neurotrophic factor)
Nationwide Children's Hospital
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