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Quelques
nhotions
théoriques
pour

comprendre...

&

....|a variabilité des
symptomes et les
manifestions cliniques

....I'utilité des examens
complémentaires

...les causes génétiques sous-
jacentes



De quoi parle
t'on ?

Les nerfs périphériques (car au-

dela du cerveau et de moelle

épiniere) véhiculent

4 )
Les commandes motrices provenant du cerveau
jusgu’aux muscles
e Systeme efférent

(& J

. : : i N
Les informations sensorielles des muscles (position),
de la peau (température, douleur, toucher...), des

organes internes

_® Systeme afférent )
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Role principal du nerf périphérique:
ransmettre rapidement des informations électriques

1 The Peripheral Nerve: Neuroanatomical Principles Before and After Injury 3

Microvessels

Mesoneurium
Myelinated nerve fibers
Perineurium
Unmyelinated nerve fibers
Endoneurium

Internal epineurium

External epineurium

Fig. 1.1 Schematic diagram of a normal nerve (Illustration by Lena Julie Freund. Aachen.
Germany)

Stucture of peripheral nerve: ‘
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Analogie avec cables électriques: fils de o =

cuivre et gaines isolantes ;fl / i

Fig.1.2 Morphology of the peripheral nerve (From Kretschmer et al. [9])



Axone et myéline
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FORMATION OF
LNudeus

SCHWANN CELLS

" axone est le prolongement de la cellule

nerveuse (neurone) : c’est le fil de cuivre !

MYELIN SHEATH

Schwann
cells

La myéline est fabriquée par des cellules
spécialisées (les cellules de Schwann) et servent
comme un véritable isolant autour de I'axone et
accélerent la propagation de lI'influx électrique

ra ® Finish

Certaines affections génétiques touchent plus la myéline, d’autres les axones




Acta Neuropathol (2017) 133:493-515

Hereditary neuropathies: Genes and pathomechanisms

Nucleotid biosynthesis Nuclear envelope Rho GTPase signalling Intracellular transport,
(PRPS1) (LMNA) (PLEKHGS, ARHGEF10, endosomes
; FGD4) (SH3TC2, RAB7)

Transcriptional regulation
(EGR2, SOX10, SETX)

Heat shock proteins
(HSPB1, HSPBS,

HSJ1)

Protein degradation

(LRSAM1, TRIM2,

GAN) Myelin proteins
(PMP22, MPZ, Cx32)

Sphingolipid

biosynthesis

(SPTLC1, 2)
Phosphoinositide

’ metabolism
o / (MTMR2, SBF2)
L)

Amino acid processing
(GARS, YARS, AARS,

MARS, KARS)
ER membrane shaping  Cytoskeleton Axonal transport Mitochondrial dynamics Extracellular matrix interaction
(FAM134B, ATL1, (NEFL, Gigaxonin) (DCTN1, DYNC1H1) (GDAP1, MFN2) (PRX, GNB4)
ATL3, TFG, BSCL2) Energy production
(DHTKD1, PDK3, AIFM1
HK1)

Fig. 1 Hereditary neuropathies: genes and pathomechanisms (based on Weis and Senderek, 2014 [180]
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Symptomes clinigues des neuropathies
héréditaires

-

Entrainent généralement des symptomes a la fois moteurs et sensitifs

N\

/L’ége d’apparition, 'anamneése familiale (parents touchés, consanguinité) et
certains symptomes/signes associés peuvent orienter vers telle ou telle cause
génétique, mais globalement seuls les examens complémentaires
(électrophysiologie, bilan biologique, panel génétique) permettent d’identifier

\une cause précise

/
<

J




Symptomes et signes moteurs

Souvent les plus visibles précocement

Faiblesse musculaire de prédominance distale ( apparait quand > 50 % des fibres
ne sont plus fonctionnelles, steppage

Atrophie musculaire de prédominance (visible au mains, mollets)

Déformations orthopédiques secondaires (pieds creux, mains en griffe,
scoliose..)

Fasciculations, crampes




Pied creux / mains en griffe/ atrophie distale

(8}

Diagnosis, natural history, and managemet of Charcot-Marie-Tooth
disease Pareyson, Davide et al. The Lancet Neurology, Volume 8, Issue 7,
654 - 667



Symptomes et signes sensitifs

Hypoesthésie (diminution de la sensibilité)

Perte distinction chaud/froid

Incoordination, ataxie aggravée a lI'obscurité ( perte de la proprioception)

Douleurs

Symptomes dits « positifs» tels que paresthésies ( fourmillements), allodynie ( perception douloureuse d’un
stimulus ), hyperalgésie sont peu fréquents dans les neuropathies héréditaires




Atteinte SNC: DI

Atteinte oculaire: rétinopathie, glaucome, nerf

optique
ymptomes et
signes

Atteinte laryngée: pararalysie corde vocale

Atteinte diaphragmatique

associés

Atteinte systémique: incontinence, trouble Gl




Scapular winging
« TRPV4
* BICD2
* DYNC1H1

Non-length-dependent
proximal weakness

« NEFH

« HSPB8

* MORCZ (later stages)
* TFG

Neuromyotonia

HINT1

Genotype-specific
muscle MRI changes
* DYNC1H1

* BICD2

Early ankle plantarflexion weakness

Diaphragmatic weakness
« TRPV4

* IGHMBP2

* GDAP1

« ELP1

Gastrointestinal involvement/
autonomic dysfunction

* PRNP
* SCN11A
* IGHMBP2

Upper limb-predominant
motor neuropathy

» GARS * REEP1
*BSCLZ  «SLCSA7

Pipis et al. Nat Rev Neurol 15,

644-656 (2019)

‘Split-hand’

GJB1 (median>ulnar involvement)

Ocular involvement

* MORC2 (retinal pigmentation)
* FBLNS (macular degeneration)
* SBF2 (glaucoma)

= PRPS1 (retinal degeneration)

* FLVCR1 (retinal degeneration)
* DNM2 (cataracts)

» CTDP1 (cataracts)

Dementia
* DNMT1

* PRNP

Urinary incontinence

MORC2

| (absent detrusor contractility)

* NEFH « GDAP1
* HSPB1 * 7q34 translocation
Distal arthrogryposis

* BICD2 * FIG4 * ADCY6
* DYNCIH1 = CNTNAP1 «PIEZO2

* UBA1

* SBF2

|| Focally folded myelin (nerve biopsy)
* MTMR2  « SBF1

« PRX

Cerebellar syndrome

* NEFL * PNKP

* MORC2 »SLC25A46

External ophthalmoplegia
* DNM2
« TRPV4

Vocal cord paresis

*TRPV4  « GDAP1
*SLCSA7 = MTMR2
*DCTN1I = SBF2

* KIF1A

Learning difficulties/autism spectrum disorder

* AIFM1
* MCM3AP

* MORC2

* MFN2 (variant specific)
v ~. [*DYNC1H1
X SN

i\ Optic atrophy
\ * MFN2

* SLC25A46

* PRPS1

4 » C12orf65

;L \

Hearing impairment
* MPZ * NDRG1
* MORCZ = AIFM1

* MFN2 = PRPS1

* MYH14

* DNMT1

* TRPV4

Neck musculature weakness
« MORC2

. L= TRPV4

Ulcero-mutilating sensory complications

* RAB7A * WNK1
*SPTLC1 = RETREGI
«SPTLCZ  =KIFIA
* ATL1 * CCTS

* SCN9A

* NTRK1
* NGF
«CLTCL1
* PRDM12

* NEFL

* MORC2
« BSCL2
* HSPB1
» SETX

Extensor plantars/pyramidal syndrome

* DCTN1 * MT-ATPB
* KIF5A * SIGMAR1
* REEP1 * VRK1

* BICD2 «SPG11

= 7q34 translocation * CCTS

* DYNCIH1 = ATL1




a)

muscular atrophy,

cognitive impairment
white matter alterations
sensorineural hearing loss

—— optic atrophy

— vocal cord paresis

respiratory insufficiency

muscular atrophy,

weakness weakness
postural hand tremor
and pain
areflexia preserved
areflexia muscular atrophy, muscular atrophy, or increased reflexes
weakness weakness —— knee joint contracture
ibiation serise foue vibration senge lose. ——mild increases in muscle tone
neur ' in neuropathic pain , .
europathic pai — profound proprioception loss
pes cavus pes cavus

extensor plantar responses

Fig. 1. Pure neuropathic phenotype (a) and additional features (b) in MFN2 mutations. The common features are in blue.

G.Stuppia et al. Journal of the Neurological Sciences 356(2015)7-18

visual impairment, +/- colour vision defect




'examen clinique ciblé

moteur sensitif

Recherche d’hypoesthésie (coton tige, buvard, cure-dent...)

Température/lésions cutanées
Faiblesse et atrophie musculaire distale ( muscles Recherche perte de sens de position

Diminution du tonus

intrinseques des mains et des pieds ++)

Diminution du sens de la vibration (diapason)

Abolition des réflexes ostéotendineux Epreuve de Romberg ( instabilité majorée yeux fermés)




Bilan étiologique

Panel ciblé CMT
ENMG: confirmation électrophysiologique/type
IRM muscle

Biopsie nerf

Cave: overlap clinique CIDP insidieux vs CMT

EMG (Electromyography)
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Soma and axon TrE———
mRNA processing \
AARS1, DNMT1, GARS1, HARS1, HINT1, ; l n e e n e 5
IGHMBP2, KARS, LMNA, MARS1,
pm:; ‘;ﬁ‘:;;f;;i’tion MORC2, PLEKHGS, PNKP, PRPS1,

SETX, WARS, YARS1

DNAJB2, HSPB1, HSPB3,
HSPBS8, LRSAM1, TRIM2

Mitochondria

AIFM1, DHTKD1,
GDAP1, MFN2, MPV17,
PDK3

Cytoskeleton/

axonal transport

DCTN1, DYNC1H1,
KIF1B, KIF5A, NEFL,
SPG11

Demyelinating CMT -
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Endosomal sorting/
cell signaling

BSCL2, DGAT2,
SIGMAR1, SGPL1,
vep » -
~ \
----\\:------..E\-\------------‘---

N,

Endosomal sorti
cell signaling

ARHGEF10, DNM2, FIG4, LITAF, MTMR2,
NDRG1, SBF1, SBF2, SH3TC2

HMSN VI

DRP2, FGD4, INF2,
NEFH, PRX

Diagnosis, natural history, and management of Charcot—Marie-Tooth disease Pareyson, Davide et
al. The Lancet Neurology, Volume 8, Issue 7, 654 - 667



Echelle spécifique
Charcot-Marie-Tooth disease Pediatric Scale
(CMTPedS)

Pas employée de routine,

@ VsV v

cmtpediatricscale

Initial Evaluation 0 Re-Evaluation O _ Date:

VTS e

D .0. Age fyrz) Gender: oy 3 Gir O
Height (m}: T Weignt (kg): | Dominant Hand: LQRQ | Dominant Foot: LARQ | Diagnosis:
ymptoms: | Foot pain Leg cramps O [ Unsteady ankles O | Daily trips and/or falls @ | Hand pain O

| Hand weakness @ | Handtremor@ | Sencory symptoms (e.q. pins and needes, tingling, numbness, prickiing) O
Lunge test (degrees) Left Right:

Foo Posture Index.

Talar head palpation

Curves above and below lateral malicolus
of

Bulge in the region of the talonavicular joint

Congruence of the

f forefoot on rearfoot (too-many-toes)

Total (-12 to 12)

[ 1. Functional Dexterity Testse) | _____________[ 2.Nincholepegtestbed [ |

Strength
3. Hand grip (N)

Trial 1

Trial 3 Average

| 4. Foot plantarflexion (N)

5. Foot dorsiflexion (N)

Sensation 0 1 2 3 0 Score
6 Pimprick | Nomnai | DeCreed below | Decressed ator | Decressed above call midine | Decreased above knee
or at ankle bones | below midine of ca | upto (above top of patel)
7. Vibration | tomal | PRI I | ecucedatanide | feoeet sehnes (90 Absent at knee and ankle
jice required (e.g. AFO) Y/N. Describe device and footwear |

- e Pot
h Tet [Tty | trial2 seore
Standing with fect aparton @ aw [0005] 1029 | 3059 | 6089 | 10
line-eyes open oint |0 1 2 4

aw | 0 6

Walking forward on a ine e s
Standing on one 1eg on 3 ine- aw [ 00-09 3 [ 10

open ot |0 )
Standing wih feet sparton a aw | 00-08 s [ 10
ine-eyes ciosed oint 4
Walking foruard heel-to-toe aw |0 3
onaline oint |0 )
Standing on one leg on 3 ine- Row | 00-09 CREET)
eyes dosed Font |0 ]
Standing on one legon 3 aw | 00-05 s [ 10
beam.2yes open oint |0 )
Standing heel-to-oe ona aw | 00-05 3
balance beam oint |0
Standing on one legon aw_ [ 0005 10
beam-cyes dosed Pomt | 0 ) 5

2073 coppeon S e | Total
m i T leg. AFO) Y/ and footwear._|

9. Gait 3 Somed Yes@ | Diffculty heel walking: Nod Some Yesa | Difficufty toe walking: Nod Somed Yes
10. Long jump (cm) 1 ute walk test (m)

tem Scores (0-4)

Total Score (¢

mais instrument de mesure d’évolution dans les études

J Burns et al and the Inherited Neuropathies Consortium
2012



Focalisation sur I'impact fonctionnel

Vs

Trouble de la marche

Trouble de I'équilibre, chutes

Difficultés a se lever

Vs

Fatigue ( périméetre de marche)

.

Difficultés pour s’habiller, pour écrire, pour tenir les couverts

J




Vision intégrative avec la Classification
Internationale du fonctionnement (CIF)

Paediatric neuromuscular disease

! v

Impairments Activity limitations Participation
Weakness Difficulty walking short and longer distances restricﬁo ns
Muscle shartening and 4. | Problems with balance, walking on different | 4
contracture surfaces and around obstacles Reduced participation In physical
activity, sports and exercise
Slower gait Problems walking up/down steps/stairs

Environmental factors Personal factors
‘Walking surfaces and change in levels - stairs and kerbs Age and gender
Home, school and community environments Disease severity
Indoor and cutdoor environments Perception of self and disability
Requirement for gait aids and mobility devices

Fig. 1 Paediatric neuromuscular disease as it relates to the ICF - factors relating to gait and functional ambulation (bold)




Prise en charge

Review

Clinical practice guideline for the management of
paediatric Charcot-Marie-Tooth disease

Eppie M Yiu 123 paula Bray,’f‘*5 Jonathan Baets ®”® Steven K Baker,? Nina Barisic,’
Katy de Valle, 2 Timothy Estilow,'""'? Michelle A Farrar, "> Richard S Finkel '

Jana Haberlova,® Rachel A Kennedy, "~ Isabella Moroni,'” Garth A Nicholson,'®"
Sindhu Ramchandren,”® Mary M ReilLy,” Kristy Rose,”” Michael E Shy,”

Carly E Siskind,** Sabrina W Yum,**® Manoj P Menezes,*”** Monique M Ryan, "
Joshua Burns™*”

0

3

J Neurol Neurosurg Psychiatry 2022;93:530-538
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