
Available online at www.sciencedirect.com 

Neuromuscular Disorders 29 (2019) 134–137 
www.elsevier.com/locate/nmd 

A novel MFN2 mutation causes variable clinical severity in a 

multi-generational CMT2 family 

Lois Dankwa 

a , Jessica Richardson 

a , William W. Motley 

a , b , Mena Scavina 

c , Steve Courel e , 
Tanya Bardakjian 

d , Stephan Züchner e , Steven S. Scherer a , d , ∗
a Department of Neurology, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA 19104, USA 

b Department of Neurology, Johns Hopkins Hospital, Baltimore, MD 21287, USA 

c Department of Neurology, Nemours Alfred I. duPont Hospital for Children, Wilmington, DE 19803, USA 

d Department of Neurology, Hospital of the University of Pennsylvania, Philadelphia, PA 19104, USA 

e Department of Human Genetics and Hussman Institute for Human Genomics, University of Miami, Miami, FL 33136, USA 

Received 4 August 2018; received in revised form 17 December 2018; accepted 17 December 2018 

Abstract 

Dominant mutations in MFN2 cause a range of phenotypes, including severe, early-onset axonal neuropathy, “classical CMT2”, and 
late-onset axonal neuropathy. We found a novel MFN2 mutation - c.283A > G (p.Arg95Gly) - that results in an axonal neuropathy with 
variable clinical severity in a multigenerational family. In affected family members, electromyography showed moderate to severe, chronic 
denervation in distal muscles. Such variable clinical severity highlights the need to do careful assessments of at risk individuals when 
assessing MFN2 variants. 
© 2018 Elsevier B.V. All rights reserved. 
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1. Introduction 

Dominant mutations in MFN2 cause Charcot-Marie-Tooth
type 2A (CMT2A), which is the most common, dominantly
inherited axonal neuropathy [3,14] . More than 100 different,
disease-associated mutations have been reported to date, as
well as many variants of unknown significance. The clinical
manifestations of dominant MFN2 mutations are strikingly
varied – ranging from severe, early-onset axonal neuropathy
(SEOAN) [1] , to “classical CMT2”, and even late-onset ax-
onal neuropathy [13] . Motor impairment often predominates
the clinical picture, and some patients have additional fea-
tures, such as optic neuropathy, myelopathy, and white matter
changes in imaging. Here we describe a family with a pre-
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iously unreported p.Arg95Gly mutation that results in strik-
ngly variable severity. 

. Materials and methods 

We evaluated 12 family members – 6 affected and 6 unaf-
ected – from a large family ( Fig. 1 ). The index patient and
0 others were evaluated at the University of Pennsylvania
by S.S.S.) with the CMT Neuropathy Score version 2 [10] ,
hich uses the MRC scale for strength testing, a Rydel-Seiffer

uning fork, and clinical electrophysiology ( Table 1 ). The
roband’s son was seen at the Nemours Alfred I. duPont Hos-
ital for Children (by M.S.). After obtaining informed con-
ent, blood samples were collected and sent to the University
f Miami, where DNA was extracted, and whole-exome se-
uencing (WES) was performed on the proband and analyzed
y GATK software packages and the variant analysis tool
ENESIS 2.0 (tgp-foundation.org) [4,8] . Sanger sequencing
as done in Miami on the family members shown in Fig. 1 ,

nd confirmed in CLIA-approved commercial laboratories. 
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Fig. 1. The c.283A > G variant in MFN2 segregates with CMT, and is highly conserved, while the c.2185G > A variant in AARS does not segregate. (A) All 
evaluated affected individuals have the c.283A > G variant. The index patient is indicated by an arrow; genetic results are shown when available; patients who 
were examined are indicated by an asterisk. The AARS variant, indicated by parentheses, is present in unaffected family members and thus does not segregate. 
(B) Sanger sequencing in exon 4 of the MFN2 in the proband. (C) BLAST ( https:// blast.ncbi.nlm.nih.gov/ Blast.cgi) sequence alignments show complete 
conservation of Arg95 (PhastCons score > 0.9 and phyloP score > 1.5) and nearby amino acids in the genes encoding MFN2 and orthologous proteins across 
divergent vertebrate species. 

Table 1 
Summary of nerve conductions for affected adult family members. 

Age at 
EMG 

Ulnar 
MNCV 

≥49 m/s 

Ulnar 
CMAP 
≥6 mV 

Median 
MNCV 

≥49 m/s 

Median 
CMAP 
≥4 mV 

Peroneal 
MNCV 

≥41 m/s 

Peroneal 
CMAP 
EDB 

≥2 mV 

Tibial 
MNCV 

≥41 m/s 

Tibial 
CMAP 
≥4 mV 

Ulnar 
SNAP 
≥7 μV 

(O) 

Median 
SNAP 
≥10 μV 

(O) 

Radial 
SNAP 
≥15 μV 

(A) 

Sural 
SNAP 
≥6 μV 

(A) 

CMTNS 

I.2 85 51 11.2 51 4.5 – – – – 9.8 10.8 15.3 – 5 
II.1 60 54 9.6 – – 44 4.4 42 5.1 – – 24.7 13.5 3 
II.4 52 65 9.6 50 7.4 43 2.0 42 3.8 6.0 5.7 6.5 2.9 6 
III.2 26 56 8.7 60 6.7 43 6.2 44 13.3 9.4 10.4 20.1 12.6 11 
III.6 23 55 9.7 52 8.0 NR NR 34 1.5 10.3 12.4 7.8 4.7 18 

MNCV = motor nerve conduction velocity; CMAP = compound muscle action potential; SNAP = sensory nerve action potential; O = orthodromic; 
A = antidromic; CMTNS = CMT Neuropathy Score version 2 [10] . 
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. Results 

.1. Clinical description 

At age 26, our index patient (III.2) reported that she had
lways been clumsy, unable to run, with decreased feeling in
er feet, and sensations of bugs crawling on her legs; these
ymptoms had slowly progressed. In her early adolescence,
he began to experience restless legs, and was diagnosed with
eriodic limb movement disorder at age 23. Her weakness
orsened during her pregnancy at age 19, to the point that

he had difficulty climbing stairs, with some improvement

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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after physical therapy. At age 26, strength, bulk and tone were
normal in proximal and distal muscles in her arms, but ankle
plantar flexion (4-), ankle dorsiflexion (4 + ), and extensor hal-
lucis longus (EHL; 4) were weak. She could not stand on her
toes. Reflexes were absent at the ankles, and 3 + at the knees,
and 2 + at the biceps. Vibration was reduced (2 toes, 3 an-
kles, 4 knees), and pinprick was reduced to below the knees.
Nerve conductions were normal ( Table 1 ), but electromyog-
raphy (EMG) showed severe, chronic denervation distal leg
muscles. Her CMTNS was 11. 

The index patient’s son (IV.1) was initially evaluated at age
7. He had always experienced difficulty in running, but had
no problems in hand function. His exam at that time showed
minimal distal weakness, but wearing ankle foot orthotics im-
proved his ability to run and jump, as well as his level of
fatigue. At age 8, distal weakness had increased and he had
begun to experience foot drops. His intrinsic hand muscles
(4), EHL (4), ankle dorsiflexion (4), and ankle plantar flexion
(4) were weak. His sensory exam was not documented and
he has not had clinical neurophysiological testing. His exam
presently remains the same, at age 11. Like his mother, he
has restless legs. 

The index patient’s cousin (III.6) was in his usual state
of health until age 10, when he noticed difficulty walking.
At ages 12, 15, and 21, he had surgeries on his feet and
ankles. At age 23, he had normal strength, bulk, and tone in
the proximal muscles of his arms and legs, and was weak in
the first dorsal interosseous (FDI; 4 + R, 4 L), abductor pollicis
brevis (APB; 4), ankle plantar flexion (4-), and dorsiflexion
(3R, 0 L). Reflexes were absent at the ankles and present at
the knees. Vibration was 2, 2, and 5 at the toes, ankles, and
knees, respectively. Pinprick was reduced to above the knees.
Nerve conductions and EMG showed severe, chronic, motor
> sensory polyneuropathy ( Table 1 ). His CMTNS was 18. 

The index patient’s mother (II.1) was seen at age 60. She
believed that she had a mild, non-progressive neuropathy her
entire life. In her youth, she had weak grip, could not do pull-
ups, and had trouble going up stairs. She had normal strength
in her arms and legs, except for mild weakness and atrophy
in her APB (4 + ), EHL (4R, 4 + L), and ankle dorsiflexion
(4 + ). Ankle plantar flexion was normal. Vibration was 4 at
the toes, and 5 at the ankles. Pinprick was reduced to above
the knees. Nerve conductions in an arm and leg were normal,
and EMG showed moderate-to-severe chronic denervation in
distal leg muscles ( Table 1 ). Her CMTNS was 3. 

At age 52, the index patient’s maternal aunt (II.4) reported
that she had a propensity to roll her ankles since adolescence,
and that this had worsened after she received chemother-
apy (cyclophosphamide, paclitaxel, and adriamycin) for breast
cancer 10 years prior. After chemotherapy, she developed such
severe discomfort on the bottoms of her feet that she stopped
riding horses. Strength, bulk, and tone were normal in the
arms and legs, except for EHL (4 + ). The right ankle reflex
was absent; the other deep tendon reflexes were present. Vi-
bration was 3 at the toes and 5 at the ankles. Pinprick was
reduced to below the knees. The sensory responses had re-
duced or absent amplitudes, the motor responses were normal,
nd EMG showed moderate-to-severe chronic denervation in
istal leg muscles ( Table 1 ). Her CMTNS was 6. 

The index patient’s maternal grandmother (I.2) was seen at
ge 85, and was unaware that she had neuropathy, although
he had falls since her 50 s, and walking and balance issues in
er 80s. She had normal strength in her arms and legs, except
or APB (4 + ), EHL (4), and ankle dorsiflexion (4 + ). Reflexes
ere absent in the legs, but present at the biceps. Vibration
as 3, 4, and 5 at the toes, ankles, and knees, respectively.
inprick was normal. The sensory and motor responses were
ormal, and there was severe, chronic denervation in distal
uscles of the left arm ( Table 1 ). Her CMTNS was 5. 
Five unaffected family members (II.2, II.3, III.1, III.3, and

II.4) had normal strength and sensation in their legs. The in-
ex patient’s grandfather (I.1), at 87, had a history and exam
onsistent with known lumbar stenosis and diabetic neuropa-
hy, which he had for 10 and 20 years, respectively. 

.2. Genetic testing 

Two missense mutations were identified in the WES of
he index patient - c.2185C > T (p.Arg729Trp) in AARS and
.283A > G (p.Arg95Gly) in MFN2 ; both were confirmed
y Sanger sequencing ( Fig. B). The p.Arg729Trp AARS
utation is predicted to be disruptive/damaging by Mut-

aster, Provean, and SIFT, but its prevalence in gnomAD
0.062%) is too high to be a Mendelian cause of domi-
antly inherited CMT. Further, the mutation was absent in
hree affected family members (I.2, II.4, and III.6), and was
resent in II.3, who did not have neuropathy at age 53.
hus, the p.Arg729Trp AARS variant is a polymorphism

7] . The p.Arg95Gly MFN2 mutation was absent in gno-
AD, was predicted to be disruptive/damaging by Mut-taster,
etalr, FATHMM, Provean, LRT, and Metasvm, and seg-

egated in this family. Further, Arg95 is highly conserved
cross divergent vertebrates ( Fig. 1 ), and it is located in
he GTPase protein domain (amino acids 94–265) (Inter-
ro: https://www.ebi.ac.uk/interpro/entry/IPR030381/proteins-
atched) and essential for GTP-dependent mitochondrial

usion [2,12] . 

. Discussion 

To date, at least 74 non-synonymous variants have been
oted in the GTPase domain of MFN2 ( http://hihg.med.
iami.edu/neuropathybrowser). Although the clinical conse-

uences of some variants are inadequately described, and at
east 7 have been described to cause more than one phe-
otype, these variants have been reported to cause SEOAN
16), CMT2 (42), late-onset, mild neuropathy (3), and benign
olymorphisms (9). The p.Arg95Gly mutation is a clear ex-
mple of the clinical variability that can be found within a
ingle family, ranging from a CMT2 phenotype to a mini-
al, late-onset neuropathy but not including a SEOAN phe-

otype. Other mutations in the GTPase domain (p.Leu146Phe
5] and p.Asp210Val [11] ) and two outside of it (p.Val273Gly
6] and p.Ala383Val, [9] ) have also been reported to cause

http://hihg.med.miami.edu/neuropathybrowser
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 comparable variable phenotype. This variability raises two
mportant practical issues: (1) that one cannot assume that a

FN2 variant found in an individual with a late-onset ax-
nal neuropathy is an incidental finding, and that it will pro-
uce a similarly mild phenotype in another individual, and (2)
hat a MFN2 variant found in a clinically unaffected person

ust be benign. These uncertainties underscore the impor-
ance of the careful clinical, electrophysiological, and genetic
nvestigation of at risk patients in a segregation analysis, and
he sharing of such data in the Inherited Neuropathy Variant
rowser. 
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