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Electrophysiological Characteristics of Charcot-Marie-Tooth Patients with
Mutationsin Neurofilament Light Chain (NEFL) Gene

Hyun Ji Cho, M .D., Kee-Duk Park, M.D., Bum-Chun Seo, M.D.*, Seung-Min Kim, M.D.*, ||
Nam Sunwoo, M.D.*, Dae-Sung Kim, M.D.", Byung-Ok Choi, M.D.

Department of Neurology, College of Medicine, Ewha Womans University,
Department of Neurology, College of Medicine, Yonsel University*,

Department of Neurology, College of Medicine, Pusan National University”

Objectives: Charcot-Marie-Tooth (CMT) disease is the most common form of hereditary motor and sen-
sory neuropathy. Several genes were recently identified to cause autosomal dominant CMT2 including
neurofilament light chain(NEFL) gene. NEFL encodes a 62kDa structural protein, which is one of the
most abundant cytoskeletal components of neura cells. CMT with NEFL gene was recently known and
there was controversies about the pathogical and electophysiological changes in this disease. Therefore,
we investigated to find the pathological and electrophysiological characteristics in Korean CMT patients
with NEFL mutation.

M ethods: Mutations of the NEFL gene were examed in 125 unrelated Korean families diagnosed as hav-
ing CMT disease, and 105 normal individuals. Nerve conduction studies were carried out al study popu-
lations.

Results: Three pathogenic mutations (Pro22Arg, Leu334Pro, Glu397Lys) were found in three families
(FC#7, 21, 99), respectively. Electrophyiologically, FC#21 patient represented axonal neuropathy
(CMT2E), and the others showed demyelinating neuropathy (CMT1). In patient with Leu334Pro muta-
tion, the results of follow-up nerve conduction studies showed very slow disease progress, and pathol ogi-
cal findings displayed small loss of large myelinated fibers.

Conclusion: NEFL mutations cause both demyelinating and axonal neuropathies. Therefore, anaysis of
the NEFL gene should not be restricted to pure axonal neuropathy.

Key Words: Neuropathy, Charcot-Marie-Tooth disease, Neurofilament protein L, Mutation
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Neurofilament light chain (NEFL) S& X S0 CMT 2tA=2] 71 de[sfd S4

W, 3 EA¥elE 99 B9 Wo|= #y ety

H & 217 27 ZH4AME Leuddd4Pro Ed®olrp &2
1 8xH(Fig. 1-A, II-5)°llA Aladstdct. Al
Solle 7hsshi A4 &0 ArE %o
A Fole 417 HHE 3 cme] dol2 ZehA
1.5 cme Z# ZAl(teasing test)S $1&F AHo g,
1.0 cm2 et AH (paraffin section), 28]z
0.5 cm< semithin sectionz} MAdn|7 A (thin
section: 24 HH)o 2 wHEolA ALE3IT. HALE
gt BES =] 2.5% glutaraldehyde in 0.025
M/L cacodlylate buffer at PH 7.38 and 10C&<)
of @3tk o] & 1 AZF A F &F dv|F
sloll A A7 9lut A WH(epineurial fat)& A|AZ F

semithin section< ©A| glutaraldehyde &9 &
7h dnF oz st

2 I
1. NEFL SEXH ZAL

CMT Agoz zdd 1257153 4 iz 105
S e R sl NEFL §471e] Eddo|2 #3
371 el NEFL 734k exon % ¢
& PCR WHo R FE3t & A7|ME 45 A9
st} FAAQ] Edoldl digh B4 A A} 3
7Hel 19l FHaF Wol(Pro22Arg, Leu334Pro,
Glu397Lys) 9 2709 FHdA 9384 (GIn92Gln,
1048-23insT) < A3t tHTable 1). o5 2719

Table 1. Charcot-Marie-Tooth disease associated mutations found in the coding region of the NEFL gene

Gene Family No. Domain Amino acid change  Nucleotidechange  Inheritance Phenotype

Exonl FC#99 Head Pro22Arg c. 65C>G Autosomal dominant CMT1

Exon1 FC#21 Rod Leu334pro €.1001T>C Isolated CMT2

Exon 3 FC#7 Tall Glu397Lys C.1189G>A Autosomal dominant CMT1
Control

TCTTGGAAGGCGAGGAGACTCCG

Patient

Glu397Lys

TCTTGGA AGGCGAAGGAGACCTC G

Fig. 1. Sequencing analysis of a CMT family (family ID; FC#7) with NEFL mutation. In NEFL exon 3, the 397th codon was GAG
encoding Glu (glutamic acid) in normal sample, wheress, it was replaced into AAG encoding Lys (lysine) in the patient sam-

ple.
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of 1¥A dEo] At 334W ofnlit F{Al
(Leucine: Leu)e] Z&# (Proline: Pro)o.2 Wy
A1 Leu334Pro missense E3®ol7} fJx|ehs H-¢
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Aol A Skate] ofz| g ofmy | TE]a FA|Apujo|
M FAAE Hol 7 WAEA] eFska /3l 1057 oA
S A Eddol s #EHA] gol N2 5

Table 2. Electrophysiological dataof CMT patients with described NEFL mutations

Mutations in NEFL Leu334Pro Glu397Lys Pro22Arg (FC#99)
(FC#21) (FCH#7) proband mother

Median motor nerve

DML (ms) 4.0 7.2 5.6 6.8

CMAP (mV) 3.7 2.0 3.7 0.1

MNCV (m/s) 41.8 231 28.6 26.1
Ulnar motor nerve

DML (ms) 3.8 4.1 4.8 4.8

CMAP (mV) 1.1 6.0 6.9 47

MNCV (m/s) 27.8 24.1 24.6 253
Peroneal nerve

DML (ms) ND ND 34 ND

CMAP (mV) ND ND 0.3 ND

MNCV (m/s) ND ND 25.3 ND
Tibia nerve

DML (ms) 6.8 ND 45 ND

CMAP (mV) 0.2 ND 3.8 ND

MNCV (m/s) 31.6 ND 24.7 ND
Median sensory nerve

SNAP (W) ND 10.3 4.2 ND

SNCV (m/s) ND 25.6 21.0 ND
Ulnar sensory nerve

SNAP (W) ND 95 4.4 ND

SNCV (m/s) ND 26.3 320 ND
Sural nerve

SNAP (W) ND ND ND ND

SNCV (m/s) ND ND ND ND

DML: distal motor latency

CMAP: compound muscle action potential
MNCV: mator nerve conduction velocity
SNAP: sensory nerve action potential
SNCV: sensory nerve action potential

ND: not determined
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Fig. 2. Nerve conduction studies in Charcot-Marie-Tooth patient with a missense mutation (Leu334Pro) in the NEFL gene. Vaues
indicate the results of afollow-up study. (A) was studied in 33-year-old, and (B) in 44-year-old. However, the shape and com-
pound muscle action potentials were very similar. Scale: vertical dots =2 mV, horizontal dots =5 msec.
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A3S fdste friAEe] H2d Bel HeAn e CMTIZEH CMT2ER 7HEES Zokd & st

ol 1% NEFL §4%F #Wols 2 CMT2EE %413 NEFLZ A7nArte] #4202 AAv A=
ﬁ%%%%%;7P—ﬂ0i°%V4Aﬁ2w%¥%ﬁ?- AR EASE FL F Aotk A AA=
e ge2d 2739 CMT1E 2 DSS F4& B M= J3ele] o148 tEat(heteropolymer) S ©]F

ot BAEE HIAGL AAEE OMT B4 125 3, 2xaEe] gt Fe A9 2AdA A5d
ANEg ddeR sl NEFL 340 td 24 48 o 208 4492 490 e A478%0 of

(o]
A HALE Aldgste] i MR tE A9l A | 29 AoAge A AAZATRE AT
ol 717 3 7}ES skt European CMT & olgfgt WAl Aol AL AEA|dA FAtome
consortium®e] 7pel=ERlE Ve R & u 3 s1F 27 o]%, Zxo Fxgl BA 2 A wd gA A

(Leu334Pro)& CMT2E®, g ymA 2 715 AAdQ &= S AHAd 9%
(Gly397Lys. Pro22Arg)< CMT1¥d<E &9 & A NEFL 4zl sdxel7t 2AstA =W Alxd

Table 3. The results of nerve conduction studies of follow-up studies in a missense mutation (Leu334Pro) in the NEFL gene

Age at examamination 32-year-old 33-year-old 38-year-old 44-year-old

Median motor nerve

DML (ms) 39 39 4.1 4.0

CMAP (mV) 3.0 36 3.7 3.7

MNCV (m/s) 40.6 43.7 455 41.8
Ulnar motor nerve

DML (ms) 3.8 4.1 3.0 38

CMAP (mV) 0.6 1.3 1.3 1.1

MNCV (m/s) 324 304 35.0 27.8
Peroneal nerve

DML (ms) ND ND ND ND

CMAP (mV) ND ND ND ND

MNCV (m/s) ND ND ND ND
Tibial nerve

DML (ms) 8.8 7.1 5.7 6.8

CMAP (mV) 05 04 0.1 0.2

MNCV (m/s) 29.6 34.2 31.6 31.6
Median sensory nerve

SNAP (%) ND ND ND ND

SNCV (m/s) ND ND ND ND
Ulnar sensory nerve

SNAP (3=) ND ND ND ND

SNCV (m/s) ND ND ND ND
Sural nerve

SNAP (%) ND ND ND ND

SNCV (m/s) ND ND ND ND

DML: distal motor latency

CMAP: compound muscle action potential
MNCV: mator nerve conduction velocity
SNAP: sensory nerve action potential
SNCV: sensory nerve action potential

ND: not determined
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Fig. 3. Neuropathological examination of a sural nerve biopsy
performed in patient FC#21 with Leu334Pro mutation.
Transverse semithin section did not show characteristic
concentric Shwann cell cytoplasmic processes surround-
ing amyelinated axon (HE stain X 200).

;AT o] 7]7} Eo]-oﬂ I:HD].E' oLi} /\7:]o] Oj\gir;].l:
Hog & o, NEFL—J Leu334Pro EWol7} sle
CMT2E Agte] AfolXe AFEert v =ev=
e+ %12;14

o] FAHFCHR21D)AM Bl&E A3 £2 HARES Alds)
ded B AvAdAE Zdd Tk AdE BA
o} A &nA mw Fe 2 AR 9%
] WZe] 27l paFion,
<] i?d% Holx] ¥kt (Fig. 3.4).
A 2ol A Leu394Pro EniLiCl =

i

n 7ol e FAE
Me AAQuAAE
A& BHAYL® ol /d?éul
ol7] Wi 9FLe FAoT B F x|t AA

Leu394Pro Sduo]= Suwal e A< e &
| 3% oﬂ
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oRE AAANE FA AEH FA (misorganiza-
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Aoz FoA Hl ge M&ge sHAE B AT
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NEFL s732F2] Glu89Lys &% ol7} Sl gkl
Glu397Lys &1 0l7} gl SAfo A AAIgh v & 2]
7d 27 Al = %‘f?é*éﬂr = “fé ol g gl
= 8

F|g 4. Electron mlcrograph of a cross section of sural nerve
axon from patient with Leu334Pro mutation reveals thin
myelin fibers and some loss of large myelinated fibers.
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