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Clinical and genetic characteristics of Charcot-Marie-Tooth disease with cerebellar ataxia
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[Abstract] Charcot-Marie-Tooth disease (CMT) is a group of hereditary motor and sensory neuropathy predominantly with
peripheral neuropathy. It is characterized by progressive symmetric distal-predominant weakness, amyotrophy, sensory loss and
reduced or absent deep tendon reflexes. CMT is usually divided into CMT1 type with demyelination and CMT2 type with axonal
lesions according to electrophysiological and pathological characteristics. In addition to peripheral nervous system lesions, some
CMT subtypes may also involve the central nervous system or other organs. The CMT patients with cerebellar system involvement
also have cerebellar ataxia which can be seen as CMTIF type and CMT2E type caused by mutations in neurofilament light chain
(NEFL) gene, CMT2Z with mutations in MORC family CW-type zinc finger 2 (MORC?2) gene, CMT-6B with mutations in solute
carrier family 25 member 46 (SLC25446) gene, CMT2B2 with mutations in polynucleotide kinase 3'-phosphatase (PNKP) gene and
so on. In recent years, CMT overlapping phenotypes have become a hot topic of research, among which CMT with cerebellar ataxia
is a clinically and genetically heterogeneous group of disorders, and is prone to misdiagnosis clinically. This article reviews the
clinical and genetic characteristics of CMT with cerebellar ataxia, aiming to provide reference for the earlier recognition and
therapeutic strategies.

[Key words] Charcot-Marie-Tooth disease (CMT); cerebellar ataxia; gene mutation; neurofilament light chain (NEFL); MORC
family CW-type zinc finger 2 (MORC2)
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intermediate CMT G, CMTDIG; OMIM#617882) .
NEFL HERAH G CMT 1973 26 5 0 28 L 2R 3R BLAY
%, H5EmHLER 2RI PN CMT & 9F/Misi v,
VR JHH WF CMTIF fICMT2E X 2 F il

1.1 KB

NEFL TG XL 5825 ] Bl T8 bk 2 7, 4 o8 AEm]
e PECEAMEFE A B NEFL J& i 45 704 5 Mk 09 40 i
HHREH, Z5HEBER, SHREREEHIM
Ko NEFLAL S 34 EF XK. NugEOR L o 12
JiE O AT A C i R o L v TR 285 4 JelUR 2 1
(XRRGEA A T0) LA ST B4, i Sk 358 1 2 3
BRSSP G e 1 %E | B8 S AN AR e A K R
(1) ", NEFL M2 22 4 5y, W
HEHE, NEFL, fig2z@Emh ., EEREGMM.
Loy B ZICRE R EE P 22, e RN
R e e bR B OCHEE T, TR I AR
FJE Bl 2 1 1 B B . MR 22 1) S 2 A i
AR AE B I A s R S, MR
2 M SR 2 1Y SR NEFL 3 A S 8ok 28 e AT 1k
ARPEANE Sy e e, ol g 2 QG , R &
MR TR T

p.A367X

p.Y389C p.E396K

280 396 543

92 124 252

pT2IXfs  pp22T p.E163X

p.L94P p.L268R

p.E210X
p-P22R p.N98S

p.P22S

p.L268P

271

p.Q322P
p.C322_N326del
p.L333P

p.L336P

Note: CMTIF mutations are shown in blue; CMT2E mutations are shown in green and both in orange.
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Fig1 Structure diagram and mutation distribution of NEFL

http://xuebao.shsmu.edu.cn

AR B, 2023, 433) (@)



352 | bifsmARRE (EER)

1.2 KB

NEFL 2875 i) CMT1F #4 j 35 % 16 2L s L= 4]
G, BALRR L AD R E, IR SN BT
PR 2RAS . T RPN 2 B & B IR B b S
B, At PR A 5 2 s A UL IR T T 22 4 . R A3 0k
55 5K 6B . RS R T g gk o

NEFL %375 [¥) CMT2E B i 3% &g Bf () 28 JL 38
WL AE), el AD T, KNS AT
PRI JC ) 2545, B R, SEETER
Mo 2/3 BRI I 20 4E BL ] B Az B, R
HF WA ARFERENRIE, QBT &5 2 Ak
RBESE . 5 CMTIF BB EAH L, CMT2E B f8 35 1 /%
SERAEANII R, JLT A AR B e . R . iR
s M E, HAEAEFE (KE) B
REfig

CMTIF # A CMT2E %I 3 24 m] B P AR R 22 R
GuiER, an/NEE ISR U M AT L B
FOEE. B REL, HEARES . LRI SRR
WO, HVELALE 78% A CMTIF 81 50% f CMT2E %Y
B

1.3 #hzd sl

NEFL 578 1) CMT R 73 JEMO T 1 2 L A BER
W, EHEETMAENEMEEFHEE (motor
nerve conduction velocities, MCV) & & LA sh{E
Hi . (compound muscle action potentials, CMAP) .
NEFL 572 i) CMT1F #1522 i A R BUAT 5 DL B
B ] P 2 R L, BLRR I TE TR 4 MCV
oo RN, HRE T R, RN B & B AR LA
(sensory nerve active potential, SNAP) FK5[Hi, #o
BEMBEFE RO IE, FRPiita R 2 2. M
R VLTI S92 328 i JUL PR A 7™ A 5 e S i 7

NEFL %75 1) CMT2E %1 (% MCV FUSE b 22
T3 % (sensory nerve conduction velocity, SCV) 1E
H, CMAP L HRFEAL o AT B LA /s ok 18 4 4
MRS B ARG, RIMIEBLE . 2R8I e
AR A S R A s s B L

1.4 JBRAY 5

CMTIF B 235 Bk 1 2806 A 7 A B8 1 28 41 4 2%
FEREAR, A B 2L Y R A, P R 226
BERS AR M, NEFL el 0, FB4r ol U

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2023, 43(3)

SRR BRI AL

CMT2E #4 f8 # JHE o i 22 16 A . D' i T vl
WRERAREM 2T, HERTIL, kY
2], WEREH AR E KA R B T ] UL
RNV FN S, IR Rk A3 A 1 B R A R ol 28
2 HEFIZETL, Mo ARG T UL P B A A
WA AL R /2= 40 . AL SR, DU A
L E BN o

1.5 BgFER

55 3% 2 P A 56 i NEFL #5528 725 40, 4% P8R .
N98S. €322 N326del F1E396K (& 1), K |5 #%
2 W kB G/ i P 3 5F 28 (spinocerebellar ataxia,
SCA) % #f H #8475 4L 3% 25 8 (Friedreich ataxia,
FRDA) "7 Hirhr| N98S Hl E396K 575 (1) CMT i
Sk 0T I ARG 3L 4R BU 1% (magnetic resonance
imaging, MRID) 7] UWL/NGZE4E, X W] G J& NEFL 5278
AR AR SRR E 2 — 10 SRk B8 (diffusion
tensor imaging, DTI) AJ &l (1 ot O 544, AT UL
NEFL 3R 2278 1) CMT £ 35 /Mg (5 AR i 3508/
T T/ B L R, ANBOK TR Z 5, X
AL B B R O A R A /N i 2 AR B AR 9 CMT
e

2 CMT2z®&

CMT2Z ALZ 5 — 8 WA B CMT, (R T4
FAREL S 2 (mitofusin 2, MFN2) 2375 fir £ (1)
CMT2A2 % (OMIM#609260) 2?2 | MORC2 H: [H 4
T —Fl DNA # 36 ATP B, 07 T 22q12.2, 7£2016
AR R E S CMT BB HE R, R R A - AU (1)
AEPEM ARG, p.R252W Rk ges (21224

2.1 bl

MORC2 TE X A Ji 1 25 14 B 5 it 7 248 i o
¥ ik P, MORC2 K 1 & ATP [ 58 1 1 Bl 57
i N ¥ GHKL (Gyrase B, Hsp90, histidine kinase
and MutL) -ATP FF 2544 38 . — Bl W e 46 ih 245 #) 5
CW BEFE 4516 SR SE I C i (14 XUEE 45 1Hh 235 74 Sl 28 B
KRB IE) MORC2 587% 7E i T GHKL-ATP 45
Pl (P 2) 200 CMT2Z R % 5 ML il A X i 42 2
MORC2 TE 1 FE TR AT VR Ry e Sl 9, ik 5 5

Vol.43 No.3 Mar. 2023



LI E S MR IS 4 29 NP D TR I i Bt e | 353

LA BAE ] S B AR RN A, el 5 A ArgBP2) Uik, ArgBP2J&:—Fh L zhHE (40 i 22
YL ER 0 (human silencing hub, HUSH) & & & MR R 1, 8 O T /0N 2 il 5 A4 5 7 4
MHEAEH, Bk aRii BN E, ERaiE TE— TR 2 TR (CMT2Z BY i35 AT 2 40 g
. DNA & & FE 30 1 op & 45 EEAE A 20 WG 15 PR sE M2 o0) SR, SR 3 A I 2 b
Hesh, AHSE T MORC2 AT e 2 SR BRI FIRR S S B2 (R ABK S 4 1 R DR 1) 53 63k, MORC2 %
Ais B BRgT BV KB, MORC2 AT DL R R4S 2 iR I AR R AL S AT BE Y M S R s E A, 5
fiff 45 & # H 2 (arginine kinase-binding protein 2, NEFL 578 5| A CMT2E #2612,

p.Q400R
p.S388R
p.A406V
p.T241 p.R132C P Y394C
R266S
p.E27K p.RI32L P p.C407Y
1 265 367 469 795 850 869 1032
281 359 490 544 603
p.S87L p.A152P
P-R319H p.A431V
p.A88V p.E236G p.V413F
p-R319C p.D466N
p.R252W p.T424R
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Note: CC—coiled coil; S5—transducer S5-like domain; CW—zinc finger domain; CD—coil domain.
E2 MORC2HFHEMTEERRENT
Fig 2 Structure diagram and mutation distribution of MORC2
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Fig 3 Structure diagram and mutation distribution of SLC25A46
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A 2/ (F13) ™), SLC25A46 1 Al it f12 3E 22 i
TR IZH, S NZEMLT Ugol (—FhZ 54k AR
AR Mo FERE M. SLC25446 B
B ] S ECBLRIE K, FEEEFRAL, R R
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I: FHA Phosphatase
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1

Note: FHA—forkhead associated domain.
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Fig4 Structure diagram and mutation distribution of PNKP
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