
BRIEF COMMUNICATION

Clinical features of homozygous FIG4-p.Ile41Thr Charcot-
Marie-Tooth 4J patients
Maxime Lafontaine1 , Anne-Sophie Lia1,2,3, Sylvie Bourthoumieu4, H�el�ene Beauvais-Dzugan1,2,
Paco Derouault4, Marie-Christine Arn�e-Bes5, Catherine Sarret6, Fanny Laffargue6, Armelle Magot7,
Franck Sturtz1,2, Laurent Magy2,8 & Corinne Magdelaine1,2

1Service de Biochimie et G�en�etique Mol�eculaire, CHU Limoges, France
2Universit�e de Limoges, MMNP, Limoges, France
3UF de Bio-informatique, CHU Limoges, France
4Service d’Histologie, Cytologie et Cytog�en�etique, CHU Limoges, France
5Explorations Neurophysiologiques, Centre SLA, Centre de r�ef�erence de pathologie neuromusculaire, CHU Toulouse, France
6Service de G�en�etique M�edicale, CHU Clermont-Ferrand, France
7Centre de R�ef�erence des maladies neuromusculaires AOC, CHU Hôtel Dieu, Nantes, France
8CRMR Neuropathies P�eriph�eriques Rares, CHU Limoges, France

Correspondence

Maxime Lafontaine, Service de Biochimie et

G�en�etique Mol�eculaire, Centre de Biologie et

de Recherche en Sant�e Franc�ois Denis, 2
avenue Martin Luther King, 87042 Limoges

cedex. Tel: 06 37 28 57 24; E-mail:

Maxime.LAFONTAINE@chu-limoges.fr

Received: 15 May 2020; Revised: 31 July

2020; Accepted: 11 August 2020

Annals of Clinical and Translational

Neurology 2021; 8(2): 471–476

doi: 10.1002/acn3.51175

Abstract

We describe the clinical, electrodiagnostic, and genetic findings of three

homozygous FIG4-c.122T>C patients suffering from Charcot-Marie-Tooth dis-

ease type 4J (AR-CMT-FIG4). This syndrome usually involves compound

heterozygosity associating FIG4-c.122T>C, a hypomorphic allele coding an

unstable FIG4-p.Ile41Thr protein, and a null allele. While the compound

heterozygous patients presenting with early onset usually show rapid progres-

sion, the homozygous patients described here show the signs of relative clinical

stability. As FIG4 activity is known to be dose dependent, these patients’ obser-

vations could suggest that the therapeutic perspective of increasing levels of the

protein to improve the phenotype of AR-CMT-FIG4-patients might be efficient.

Introduction

FIG4 is a phosphoinositide phosphatase, which along with

kinase FAB1/PIKfyve and scaffold protein VAC14 act as a

regulating complex for PI(3,5)P2, a phospholipid signal

involved in endolysosomal trafficking. Dysregulation of

this complex results in a cytoplasmic accumulation of

vacuoles and ultimately tissue degeneration1,2 which can

involve nervous, osseous, and muscular tissue.3 Mutations

in the encoding gene FIG4 have been described to result

in a diverse spectrum of syndromes, among which is

Charcot-Marie-Tooth (CMT) disease type 4J (CMT4J or

AR-CMT-FIG4), a rare type of recessively inherited

peripheral neuropathy.4 AR-CMT-FIG4 is a subtype of

CMT accounting for a wide range of phenotypes, both in

onset, presentation, and clinical severity,5 yet most cases

account for compound heterozygosity involving an Ile41

to Thr substitution (p.Ile41Thr) and a null mutation,

leading to low levels of an unstable FIG4 protein.1,4–6

Nicholson et al estimated the population frequency of this

allele to be 0.001,5 leading to a predicted frequency of

homozygous subjects of one per million. We describe here

three FIG4-p.Ile41Thr homozygous patients from unre-

lated families.

Patients and Methods

Patient recruitment

Patients were referred for molecular screening by their

physicians to the center for molecular diagnosis of

peripheral neuropathies at Limoges University Hospital

Center, France. Family history, clinical evaluation and

nerve conduction studies were provided by the physicians.

Clinical evaluation was assessed by the patients’ neurolo-

gists through a standardized form. Blood samples were
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collected in EDTA tubes after providing informed con-

sent. The protocol was in accordance with the French

ethics legislation.

Mutations detection

Genomic DNA was extracted using standard methods

(Illustra DNA Extraction kit BACC3, GEHC). Next Gen-

eration Sequencing (NGS) was performed using a 92-ge-

nes custom panel designed for the diagnosis of CMT and

associated neuropathies7 (Ampliseq Custom [Life Tech-

nologies, Carlsbad, CA, USA]). The amplified library,

which corresponds to exonic and flanking (25bp) intronic

regions, was prepared using the Ion P1-HiQ-Template-

OT2-200 kit (Life Technologies), sequenced on a Proton

sequencer (Life Technologies), and mapped to the human

reference sequence hg19/GHCh37.

Confirmation of FIG4-c.122T>C and additional varia-

tions (HSPB3-c.67C>T and REEP1-POLR1A breakpoint),

familial screening as well as haplotype analysis (in search

of the common ancestral North European FIG4-I41T hap-

lotype5) were performed through Sanger sequencing (Big-

Dye-Terminator-v1.1, capillary-electrophoresis-ABI3500xl

DX, Sequence-Navigator-1.0.1-Applied Biosystems) using

forward and reverse custom primer pairs.

Databases, such as ExACGenome browser (http://exac.b

roadinstitute.org), dbSNP152 (National Center for Biotech-

nology Information [NCBI], Bethesda, MD, USA, http://

www.ncbi.nlm.nih.gov/projects/SNP/), ClinVar (www.ncbi.

nlm.nih.gov/clinvar), DECIPHER v9.29 (https://decipher.sa

nger.ac.uk/), and FrExAC (http://lysine.univ-brest.fr/

FrExAC/), were also screened.

A review of the literature was performed, based on

PubMed (https://www.ncbi.nlm.nih.gov/pubmed), and all

the published articles presenting mutations on FIG4,

HSPB3, and REEP1-POLR1A were collected.

Copy number variations (CNVs)

CNVs were assessed through CovCop-software-v.1.2.1.8

The REEP1 duplication was confirmed through multiplexli-

gation-dependentprobeamplification (MLPA) (SALSA-

MLPA-P213-HSP mix-2 probemix, MRC-Holland). Fur-

ther investigation was performed through CGH-array on

G3HumanCGHmicroarrays8x60K (Agilent Technologies).

Results

Clinical evaluation and Electrodiagnostic
findings

Clinical data including nerve conduction studies are

reported in Table 1. While probands A and C were adult

patients with over 20 years of disease duration, patient B

was only 15-years-old at the time of molecular diagnosis,

7 years after clinical onset. All three patients presented

with early, childhood onset of neuropathy, at different

developmental stages. While no clinical data could be

obtained to narrow down the onset of symptoms for

patient A, patient B developed clinical symptoms around

the age of 10 and patient C had obvious gait abnormali-

ties as soon as the age of 13 months. All patients pre-

sented with distal, bilateral lower limb weakness with

severe amyotrophy of the calves. They all had a relatively

preserved ambulation, although patients A and B were

unable to run and jump. Patient C only suffered from

cramps and muscular fatigue. All three patients were able

to walk unaided. Patients A and B had diffuse areflexia,

while patient C showed preserved reflexes. Sensory

involvement was variable, with patient A showing no sen-

sory loss, patient B presenting diffuse hyperesthesia, and

patient C having superficial sensory loss in all four limbs,

and deep sensory loss in lower limbs. Patients B and C

presented with scoliosis while proband A did not show

any sign of back deformation. In proband C’s case, severe

kyphoscoliosis required a surgical intervention at age 15.

Finally, patient A’s clinical history revealed a severe epi-

sode of Guillain–Barr�e syndrome at age 15 with respira-

tory failure. While the patient mostly recovered,

persistent dyspnea on exertion was noted by the physi-

cian. Neurophysiological studies revealed severe demyeli-

nating features with mild to severe degrees of axonal

involvement, predominating in the lower limbs. While

patients exhibited various degrees of upper limbs demyeli-

nation as shown through median nerve conduction veloc-

ities (Table 1), all presented with severely decreased

velocities (<15m/s) in lower limbs with decreased ampli-

tudes of compound motor action potentials.

Genetic testing

CMT genes and associated neuropathies were screened

through our large custom NGS panel, which allowed the

detection of a homozygous c.122T>C mutation (p.Ile41Thr)

in FIG4 in all three probands, confirmed by Sanger

sequencing. Hemizygosity was ruled out through Cov’Cop

analysis software. In addition, molecular analysis of pro-

bands B and C’s parents showed that they all carried the

heterozygous FIG4-p.Ile41Thr mutation, confirming the

homozygous state of p.Ile41Thr in these patients. Family

history reported that the two probands’ families were of

Western European origin. No family history was available

for patient A since he was adopted. Pedigrees of the pro-

bands B and C are depicted in Figure 1. Heterozygous car-

riers were all asymptomatic. As the literature reported that

FIG4-pIle41Thr patients presented with a common ancestral
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North European haplotype,4,5 we performed such an analy-

sis to rule out the hypothesis of a French new founder

effect: five of six haplotypes proved to correspond to the

ancestral one and the other haplotype differed only at one

distal SNP, indicating that our patients do carry the previ-

ously described ancestral variant (Figure 1).

Our NGS strategy associated with CNVs detection

using Cov’Cop allowed to detect additional variations in

probands B and C. Proband B presented with a heterozy-

gote HSPB3-c.67C>T variation (rs755999042) leading to a

premature stop codon (p.Arg23*). Parental screening

showed inheritance of this allele from his father (c.67C/

c.67T) who is completely asymptomatic. In proband C,

Cov’Cop analysis allowed to detect a large multi-exonic

duplication of REEP1, starting from exon 2 onwards to

exon 7 included (ENST00000538924.1, NM001164730),

confirmed by MLPA. CGH-Array showed a gain of

genetic material extending beyond REEP1 3’ UTR, involv-

ing neighboring gene POLR1A, resulting in a direct tan-

dem repeat fusing the 3’ end of REEP1 with the 5’ end of

POLR1A. Parental screening (Figure 1) revealed a familial

pattern of inheritance, with both the unaffected patient’s

mother and brother presenting with this duplication. No

other suspect variation has been detected in these three

patients.

Discussion

We report here three patients harboring the FIG4-

p.Ile41Thr mutation at the homozygous state, among

which two are the first confirmed cases.6 Out of 764

patients screened for CMT-related mutations in our labo-

ratory, 12 (1.57%) presented with a FIG4-p.Ile41Thr

mutation. 3/12 were homozygous for this mutation.

The first surprising feature of this report is the presence

of a high proportion of homozygotes in our cohort of

FIG4-p.Ile41Thr patients. Indeed, as the prevalence of this

mutation is estimated to be of 1.10-3 in the general popu-

lation,9 homozygous cases are expected to be relatively

rare. The presence of three cases in a priori unrelated

families in the French population could have suggested a

possible increase of FIG4-p.Ile41Thr heterozygosity in this

population. However, screening of the FrExAC database

showed an allele frequency in accordance with the esti-

mates in the literature.10 Moreover, the involvement of a

new founder effect in the French population seems unli-

kely insofar as we observed no new haplotype common to

our three patients.

In addition, two variations in genes known for their

implication in neurological disorders have been detected

in two of our three patients. Although our bibliographic

study did not suggest any clinical relevance of this partic-

ular HSPB3 variant, several articles and databases have

related REEP1 duplications, involving or not POLR1A.11,12

Exposed cases show different phenotypes, from spastic

paraplegia to autism spectrum disorders. In the case of

proband C, none of these symptoms were reported by the

physician, neither in the patient nor in his mother and

brother suggesting the noncausative effect of this REEP1-

CNV. In the same fashion, pedigree analysis for proband

Figure 1. Pedigrees of the two probands and haplotype analysis. 1: patient B, 2: patient C.
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B seems to exclude any causative effect of his HSPB3

variant.

An interesting feature of AR-CMT-FIG4 lies in its

recessive nature, usually associating a hypomorphic to a

null allele. In recent years, it has been demonstrated that

the p.Ile41Thr mutation impairs the association between

FIG4 and its scaffold protein VAC14, resulting in a cat-

alytically active yet unstable protein.1,13 Further research

in the pale tremor mouse showed that overexpression of

a mutant p.Ile41Thr transcript on a null background

could rescue lethality in a dose-dependent fashion. They

also predicted that the expression of the FIG4-p.Ile41Thr

protein at 10% of the normal level might be sufficient for

long-term survival.1 The hypomorphic nature of this allele

can thus be compensated or not by the second allele:

heterozygous carriers show no symptoms, whereas associ-

ation with a null allele can result in AR-CMT-FIG4, since

those patients would associate low levels of an unstable

yet active FIG4 protein to an inactive one. Lastly, associa-

tion of two null alleles results in Yunis–Var�on syndrome,

which associates skeletal defects and severe, often lethal

neurologic involvement.3

Somewhere in-between, homozygous FIG4-pIle41Thr

patients were expected to be severely affected, as they

would express two hypomorphic alleles. Indeed, the three

patients reported here presented with an initial back-

ground of severe clinical symptoms associating early onset

with major distal axon loss, scoliosis, amyotrophy, and

gait disturbance. However, they also showed preserved

ambulation over time and no signs of clinical evolution,

at least in the two cases that lasted for over two decades,

while early onset compound heterozygous patients seem

to undergo rapid evolution5. This observation might be

consistent with the murine model, as homozygous

patients would express twice the levels of p.Ile41Thr pro-

tein than compound heterozygous patients, therefore

leading to less severe forms of the disease. Such an obser-

vation might thus support the prediction that efforts to

increase the levels of this protein in AR-CMT-FIG4

patients could prove therapeutic1,2. However, it is of note

that this hypothesis has been tested in vitro, through a

Western Blot of protein lysates extracted from fibroblast-

cells in a cohort of CMT4J patients including compound

heterozygous patients and a potential homozygous 9-year-

old boy6. The results did not display any significant FIG4

protein increase in this patient, which comes as a surprise

considering the dose-dependent activity shown in the

murine model. Unfortunately, the case’s parents were not

demonstrated to be carriers for the mutation, and it

remains possible that this patient could be a potential

compound heterozygous with a deletion of this area that

could have been missed.

It would be of interest to gather more follow-up data

of other confirmed FIG4-p.Ile41Thr homozygous patients,

to define whether those patients really do display a ten-

dency to clinical stability over time, and an overall

milder, more homogenous phenotype compared to the

diversity of compound heterozygous patients’ phenotypes.
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