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Electrophysiological Characteristicsin Patients of
Charcot-Marie-Tooth type 2A

Sang-Beom Kim, M .D., Sun-Young Cho, Ph.D.*, Kee-Duk Park, M .D.*,
Jeong-Geun Lim, M.D.**, Seung-Min Kim, M.D.***,
[I-Nam Sunwoo, M.D.*** Byung-Ok Choi, M.D.*

Department of Neurology, Kyung Hee University East-West Neo Medical Center,
Department of Neurology, Ewha Womans University College of Medicine*,
Department of Neurology, Keimyung University College of Medicine**
Department of Neurology, Yonsei University College of Medicine***

Objectives: The aim of this study is to identify the electrophysiological characteristics in CMT2A
patients with the MFN2 mutations.

M ethods: We examined mutations of MFN2 gene in 165 Korean CMT families. By criteria from Euro-
pean CMT consortium, 54 families belonged to CMT2. Mutations were confirmed by both strands
sequencing. We administrated the CMT neuropathy score (CMTNS), based on patient’ s symptoms, neu-
rological examination and neurophysiological testing, and the functional disability scale (FDS) for evalu-
ation of disease severity. Muscular strength was assessed manually with the standard MRC.

Results: The electrophysiological patterns associated with MFN2 mutations were typical of axonal CMT.
The electrophysiological data were markedly different between early onset (<10 years) and late onset (>
10 years) groups. All patients with early onset have a severe CMTNS (>21), and FDS (=6). However,
most patients with late onset have a mild CMTNS (<10), and FDS (< 3). Distal muscle strength,
CMTNS, and FDS were well correlated with CMAPs of all motor nerves. No correlation was found
between the degree of slowing of MNCV of median and ulnar nerves, and the degree of CMAP attenua-
tion.

Conclusions: Electrophysiological features in patients with MFN2 mutations were significantly different
between early onset and late onset groups, and CMTNS is a valuable measure of length-dependent axonal
CMT2A.
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B ape A48 47 24, Aldes 44
5 Aaial CM g0z A9 165 /M2 oy
oz 9. o5 & LA 4 H4L o A7)

A 8HA 74/\}/\74/4 HAEANAY Ax&%E7} 38 m/s

cle49 CNT 13 94 700, 340 $3 £4% o
o 54179 {Eé.‘—E 7} 38 m/s ©]74Q1 CMT 232
54 7}741 A% DG PEE ol B AFE Sl

/\]X—}ﬂ Dejerine-Sottas w22 A7te= CMT 3
g 7, A @4 FHE st CMT 438 2

getA B/ olel A57F 127H7F et
}\} mx—?oib o4 AR A7 9 A7 A 7}
F CMToll st 21738 Fe] o] glomA] FAl
CMTe 7F&Eo] fle 10082 AEste] gzsoz
sttt o ﬂX}*‘ﬂr Hete] 2 Akl disteq &
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ot W}E} a7 FEdEE 2 CMT T2 AALE
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o] Ao Yey Al7|Z sigith

CMT AHsgtel gt Hel A5 SH3t7] ¢lsto]
MRC (medical research council sclae), CMTNS
(Charcot-Marie-Tooth neuropathy score)®t FDS
(functional disability scale)E& AFgstict. ™"
MRCE 7H¢ dutd oz ALgEw £o2 S43= 1
T3HE 715l Hxeltt, CMTNSE Zeo] o+
(length-dependent) &A% AW S, 539 742417
HEo Aol A=E Hrkete AMESh= TNS (total
neuropathy score) & W@e Aoz, &5 2 17
S, B4 2 A, A 28, A5 2 HE:A
e &5 2 A &9 o o WeE oAl
SAZ skl 0~36% WA CMT &4 7]s
ol A=E ST T3 CMTNSS] Mol u}

& ASE(<10), FE(11~20) 3 FSE(=2D9
3aFo® BRAY. FDSe F2 £571%9 4ol

£ Hrtste Ao 2, AMSS FDSY 9= v 2
o0 A, 1 BelAT dEfely el e
$(normal but with cramps and fatigability).
92718 & 4 gl 4 -F(inability to run) 3:
@ 717F olgARE =% glo] de Ao 7hed AF
(Walkmg difficulty but still possible unaided),
D ABolE VKA 2S¢ e A-F(walk with

Do oﬂ,
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cane), 5 H#Z /A 2 F e AS(walk
with crutches), 6; Bx71& Z&stm 24S
7A$-(walk with a walker), 7: @4012 €
oF &} 7% (wheelchair bound), 8: FHA A3
= 74$(bedridden).

2. MFN2 7 Xt A A

CMT 7HA9] g 8l 71 FALE3 B4 a2
o gRE BRINS EDTAV Agjd FHo e F
DNA #Al 4 (Promega, Madison, WI, USA)E
At genome DNAES FZ3I9th oy EFY
o 25E9 DNA F&& 55°ColA 3 AIzE <t Pro-
teinase K& A 2]gt & phenol:chloroform WHo2
AT, MEN2 #7372 dl(exon) B Q13 <l
Z(intron) ¥91& PCR WMoz FZ3 & A4
A (sequencing) = Aldste] A4 Q1 S| E A
Attt MFN2 fr32e] ald 7918 5537 ¢lg
PCR W2 58 DNA 30~50 ng, 2 primer 10
pmol, dNTPs 200 #«M, MgCl2 1.5 mM, Taq
polymerase 0.5 unit ¥ 1X reaction buffer
(Promega, Madison, WI, USA)7} 23 50 49
WS &AE o83t PCR TF% AA (ABI
GeneAmp 9700%, Foster city, CA, USA)dlA 32
3] AolERem Atk PCR AAl & 534
DNA® AA $ Asd7IAE8E47] (ABI 3700,
Foster city, CA, USA)°l|A BigDye Terminator
Cycle Sequencing KitE o|&3te] o wWake] g7]A
g5 AAstn, A4Ee #52 CHROMAS (Ver.
2.23) Z2Iag ol &3ttt ¢, AVINE E4=
3l LAE B} G sl SRt A
a1 v g AL TAEA] gorn] FE 9o
Hog Aed 1008 F3 FolMe dal BHA
G u, O EdWelE Y9l ARl 2 Iyt

Mmoo

==

3. Tty HAr

BE AT M FeAE, HEAA, wEdl
2 437 wEddl Hal AdAE HARE

%
(finger-wrist) 722} H]EZA A H2Hal7d A
S A8tk TLI (terminal latency index)
ANAAZAA A dofzl 2953 FAFEEAAE A=
Lo} Ie-E7] (terminal latency) & ©]83te] o
3} o] A4bsih (TLI = 2% A8 (mm) / 9%
BAEN LFANE AESEE (m/s) X TEEE7] (ms)).
A2t A7t dAEE RE IAES gFor Hzal
739 o]} & A $lste] HA AR A

IBorr o > oon

AHBAEP: brainstem auditory evoked potential)

AFFd B AAHAEAA Aol FAL SPSS A
A (SPSS 11.0 for Windows)& °]-&3t =t
T ABHEHA Aoe] FHAA = bivariate
Spearman correlatione AHEste] )47 p0.01
<, F He 7 HlaE Mann-Whitney U testE A}
g3t Fo4F p0.055 483ttt

2 I
1. MFN2 ST A Z A}

MFN2 3424 Wol7t e 359 4 HAAb4
= Table 19 Aelstdtt. CMTEA 165 7HIE W
Fe g st MEN2 #32 AAE Aldsisiet o5
CMT28-& 54 7FAIATE Y 127441 (22.2%) 14 9 7€)
MFN2 32 5ddolE dstg e o5 Ui
A (Leu92Pro, Arg94Trp)., t¥A (Thr105Met,
Glyl127Asp). 9dAHA (His165Arg), oHHA|
(Ser263Pro), oF&¥Al (Arg280His), &3t A
(Arg364Trp, Met376Thr) <o X5t
GTPase =MQl =& Aol HAA|8IATE. & AFtolA
wHEE e Edde] F e7le Al 9ol (novel
mutation) = BeHom AzEd oa) o] HauH
up Itk ® aela Aol Sl v AYES
2Ql 100 2 FdA Wol7p HEA] ot
CMT AgS fdste 4 44 sddo|2 A7ty
Aok, EF o5 127MeM G 17pll.2~pl2e]
Z5-(duplication)¥} peripheral myelin protein 22
(PMP22), myelin protein zero (MPZ), connex-
in32 (Cx32), early growth response 2 (EGR2).
periaxin (PRX), neurofilament light chain
(NEFL) fr7dztel et 173 EdelE HAbstl =t
T PAALAS Bt

2. MFN2 57X 0| 2HXHE2| MUY e| A S

MFN2 #7249 Ed®ol7} ale 1 AstA|o|A A
71818 AALE Aldg 12714 1889 AES
do 93 1 A= Table 20 Yeplilt. &%
Aol 4ol s CMT2A EAEse] FF417
AEEEE 25 38 m/s o]o|len Hifzte] Aol
= Ak (Fig. 1) o5& EHAL S 7|Fo=2 o
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Fig. 1. Scatter diagram of median motor nerve conduction
velocity (MNCV) with respect to onset age in CMT2A
patients with MFN2 mutations.
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Table 3)

CMT&Ae] Hoff =& Yehll= A= CMTNS
9} FDSoll & WxE vlws)] 2ok w, Z7|dEF
7 S7PE e Wes] 5= bimodal distribu-
tion = A F o frolgt 2ol & B3ttt (Fig
2-A, B: p€0.001) ol H=e} dyAds S v walslS
o CMTNS ¢ FDS+ =% dHdde] wmErs &
of 7} Ak 743 ABAAE Btk (CMTNS: r=-0.77,
p<0.001: FDS: r=0.83, p(0.001). 2ul ohzt
CMTNS$ FDSE A Zzt 7bgt AAAAE HA
o} (r=0.92, p<0.001)

A} st 25| 9ol Al A= 2T
Bl A 100% %oy 718 o A= | 2%
o 259 95 I TolA TR ol Bls
FoleA Bwkou, el ANEe foE AlelE Hol

'E' o O pul R 3T A
o olell vl FrlEwelld e AN dAH S T

Table 1. Mutations Found in MFN2 Gene in Korean CMT2A Pedigree

Exon Domain Nt. change AA change Family IDInheritance Phenotype
Exon 4 GTPase c.275T>C Leu92Pro FC34 Sporadic Early onset, severe
Exon4 GTPase c.280C>T Arg94Trp FC25 Sporadic Early onset, severe
FC113 AD Early onset, severe
Exon 5 GTPase c.314C>T Thr105Met FC135 Sporadic Late onset, mild
Exon 5 GTPase €.380G>A Gly127As FC48 Sporadic Late onset, mild
Exon 6 GTPase C.494A>G His165Arg FC81 AD Late onset, mild
FC111 AD Late onset, mild
Exon 8 GTPase c.787T>C Ser263Pro FC52 AD Late onset, mild
Exon 9 GTPase c.839G>A Arg280His FC169 AD Late onset, mild
Exon 11 Middle €.1090C>T Arg364Trp FC1 AD Early onset, severe
FC6 AD Early onset, severe
FC87 AD Early onset, severe
Exon 11 Middle c.1127T>C Met376Thr FC70 AD Late onset, mild

Nucleotide numbering: The A of ATG trandation initiation site as +1.

Reference sequence accession number is NM 014874.
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0.05)2 Afo]& Holx| ekstty. HFAlAA TLIC]
Sl = HE(0.23~0.43) 2 A4(0.22~0.43)

Ao AESEE BHTEVEAA D% oI
BEAE wolx GUh (1=0.44, p=0.133) 1¥]

252 Abelol fole 4

A7 1589, HlEA7A 185%) <A zﬂ?ﬂ 7:‘494 H]

oA Aol #Zgka HZAANME 242t 0.28~0.56%
0.19~0.54°.2 frAlsISAT.
3. 7|80 o SEZSEsHee g2t

w3l Hokth Fakrdld FFA74e TLIE Hit 0.31 ABAE HAAPE b3 2298 tde = 715l
(EFHA 0.06)2 tHEe] 0.31 GEFHA 0.04)% o] J=& Z43t= MRC, CMTNSY FDS¢} E3t
Hu g ) o3k zfo] S HolA] ekskal, H]ZAA A S@Ed9e 2718 Hlaste duEAES Lol Kk
T 747} 0.43 (FF9AF 0.12)9 0.42 (293} o} (Table 4) BA1s} Ao BE FAAQAAM 2
Table 2. Mutations Found in MFN2 Gene in Korean CMT2A Pedigree
) Age  Age Motor NCV (m/s) Sensory NCV (m/s)
Patient at
onset  exam Median Ulnar Peroneal Tibia Median Ulnar Sura
Early age at onset (<10 year-old)
FC1-1 8 35 NR NR NR NR NR NR NR
FC1-2 1 12 NR NR NR NR NR NR NR
FC1-3 1 12 NR NR NR NR NR NR NR
FC6-1 5 33 NR NR NR NR NR NR NR
FC6-2 2 14 NR NR NR NR NR NR NR
FC25 9 28 403( 19 373(24) NR NR NR NR NR
FC34 1 14 NR NR NR NR NR NR NR
FC87 4 22 NR NR NR NR NR NR NR
FC113-1 8 37 NR NR NR NR NR NR NR
FC113-2 4 6 538(151) 459(11.7) NR NR NR NR NR
Late age at onset (> 10 year-old)
FC48 16 23 511(125) 549(141) 366(35 382(05) 414(184) 456(140) NR
FC52 12 14 500(165) 557(194) NR NR 364(100) 367(120) NR
FC70 39 53 412(106) 462(96) 373(07) 34707 NR NR NR
FC81-1 50 60 51.8(11.5) 50.6(10.6) 31.4(0.3) 442(0.2) 40.7(152) 415(14.1) 40.3 (2.6)
FC81-2 10 35 491( 65 386(26) NR NR NR NR NR
FC1l11 14 20 530(19.8) 56.0(19.0) 429(3.9) 447(81) 31.8( 4.0 1.0( 4.7) NR
FC135 11 12 548(129) 580(13.0) NR 255(0.1) 37.5( 9.9 33(11.2) NR
FC169-1 23 45 575(16.0) 60.3(165) 205(0.1) NR 36.4(136) 355(142) 23.9(6.1)
FC169-2 34 40 580(138) 625(14.3) 320(23) 473(52) 429(227) 431(234) 36.2(85)
FC169-3 27 37 583(186) 57.7(184) 17.9(1.0) 39.3(04) 385(121) 37.9(101) 27.7(26)
FC169-4 25 52 612(134) 638(17.1) 428(15 389(24) 395(265 380(17.1) NR
FC169-5 11 14 56.9(107) 586( 6.4) NR NR 92(369) 37.3(185  33.7(9.1)

Amplitudes of evoked responses are given in parentheses (for motor NCVsin mV and for sensory NCVsin £V).
Normal NCV values: motor median nerve, >50.5 m/s; ulnar nerve, >51.1 m/s; tibial nerve, >41.1 m/s; sensory median nerve, >
39.3 m/s; ulnar nerve, >37.5 m/s; sural nerve, >32.1 m/s.

Normal amplitude values: motor median nerve >6 mV; ulnar nerve, >8 mV; tibial nerve, >6 mV; sensory median nerve,
ulnar nerve, >7.9¢V; sura nerve,

NR; not recordable

>6.04V.
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Fig. 2. Patients with MFN2 mutations were divided into two categories by onset age. (A) Dimorphic phenotypes of CMT2A patients
having MFN2 mutations by CMTNS (Charcot-Marie-Tooth neuropathy score). (B) Early age at onset group showed severe
functional disability (FDS=6 or 7) and late age at onset group showed asymptomatic to mild forms (FDS< 3).
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Fig. 3. Scatter diagrams of median (A) and ulnar (B) motor nerve conduction velocity (MNCV) and CMAPs in CMT2A patients.
Patients with late onset group did not show a significant correlation between MNCV and CMAPs in median and ulnar nerves.
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Table 3. Comparison of Amino Acid Change and Clinical Features between Early Onset and Late Onset Group

Early age at onset (<10 years) Late age at onset (> 10 years)
Amino acid change Leu92Pro, Arg94Trp, Thr105Met, Gly127Asp,
Arg364Trp His165Arg, Ser263Pro,
Arg280His, Met376Thr
Number of patients 11 13
Male gender ratio 6 (54.5%) 6 (46.2%)
Age at exam (yr) 19.5+12.2 33.8+16.2
Age of onset (yr) 4.0+3.12 25+12.4°
Disease duration (yr) 155+9.7 114485
CMTNSY 29.2+46 53£3.8&
Mild (< 10) 0 11 (91.7%)
Moderate (11-20) 0 1(8.3%)
Severe (>21) 10 (100%) 0
FDS? 6.6+05 15+0.7
Muscle weakness
U/E: Norma 10 (0%) 9 (69.2%)
Mild 1(9.1%) 4 (30.8%)
Moderate 10 (90.9%) 0 (0%)
L/E: Normal 0 (0%) 1(7.7%)
Mild 0 (0%) 8 (61.5%)
Moderate 0 (0%) 4 (30.8%)
Severe 11 (100%) 0 (0%)
Muscle atrophy 11 (100%) 5 (38.5%)°
Sensory disturbance 9 (81.8%) 6 (46.2%)
Flat feet deformities 10 (90.9%) 1 (7.7%)°
Deep tendon reflexes
U/E: Normoactive 0 (0%) 9 (69.2%)
Decreased 2(18.2%) 4 (30.8%)
Absent 9 (81.2%) 0 (0%)
L/E: Normoactive 0 (0%) 3 (23.1%)
Decreased 1(9.1%) 7 (53.8%)
Absent 10 (90.9%) 3(23.1%)
Additional symptoms
Scoliosis 4 (36.4%) 0 (0%)
Develop. delay 7 (63.6%) 0 (0%)
Hearing defect 1(9.1%) 5 (38.5%)
Pain 2 (18.2%) 1(7.7%)
Tremor 0 (0%) 3(23.1%)

Valuesare mean + SD.

1. Charcot-Marie-Tooth neuropathy score
2. functional disability scales

* p<0.05
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CMT2A9N BgA73e] AEdee BF 38 m/s A Hele F49F NS od= Ho F9lo.
ool HURt Aele ATk AAbse] W JnE AFAESEIE vwH Fgd 7 A5
PMP22 04 $8= 71 2E CMTIARAES] 4 oyt &8xdsle] il os) S4c] dA] de 725
T AEEEE 38 m/sE WE A5E Ut 2 = CMT2A9] 7FeAds $A4os wefs Hopop &

Table 4. Correlation between CMAP and DMS/CMTNS/FDS in MFN2 Mutations

Motor nervesnrp

CMAPvVsDMS
Median 22 0.90 <0.001
Ulnar 22 0.95 <0.001
Peroneal 2 0.72 <0.001
Tibial 2 0.50 0.019

CMAP Vs CMTNS?

Median 22 -0.84 <0.001
Ulnar 22 -0.89 <0.001
Peroneal 2 -0.64 0.001
Tibial 22 -0.72 <0.001
CMAP Vs FDS?
Median 2 -0.87 <0.001
Ulnar 2 -0.88 <0.001
Peroneal 22 -0.59 0.004
Tibial 22 -0.62 0.002

1. DMS = distal muscle strength assessed as MRC score; distal MS = thenar and finger flexion muscles for the median nerves,
interosseous muscles for the ulnar nerves, and tibialis anterior muscles for the peroneal nerves and gastrocnemius muscles for the
posterior tibial nerves.

2. CMTNS; Charcot-Marie-Tooth neuropathy score

3. Functional disability scale, 0=normal; 1=cramps and fatigability; 2=inability to run; 3=possible unaided; 4=with cane; 5=with
crutch; 6=with walker; 7=wheel chair; 8=bedridden.
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