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What do we know about the subject matter of this study?

CMTH4]J is a hereditary demyelinating polyneuropathy that begins
in the second decade of life. SCAR20 is a spinocerebellar ataxia that
manifests with ataxic gait or absence of ambulation, cognitive im-
pairment, and dysmorphisms that become evident in the third year

of life.

What does this study contribute to what is already known?

We present the first reported case of CMT4] and SCAR20 in the
Latin American population and the first to report a dual diagnosis.
Symptoms began in the first months of life, combining characteris-
tics of both diseases, such as absence of gait and speech, cerebellar
atrophy, and polyneuropathy. Phenotypic characterization guided
the syndromic diagnosis, and whole-exome sequencing identified
associated pathogenic variants in FIG4 and likely pathogenic va-
riants in SNX14. In children of consanguineous parents, the pro-
bability of more than one autosomal recessive disease is higher than
in the general population; therefore, whole exome sequencing is
particularly useful in these cases.
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Abstract

Charcot-Marie-Tooth disease type 4] (CMT4]) and autosomal recessive spinocerebellar ataxia type
20 (SCAR20) are rare autosomal recessive disorders that, to our knowledge, have not been pre-
viously reported in the Latin American population. Objective: To present the case of a patient
of Chilean descent with a dual clinical and genetic diagnosis of CMT4] and SCAR20. Clinical
Case: The patient was born to healthy consanguineous parents with congenital hypotonia and a
swallowing disorder. At 2 years of age, dystonia, areflexia, predominantly distal muscle weakness,
and sensorineural hearing loss were observed. Additional tests revealed demyelinating polyneu-
ropathy and cerebellar atrophy. At the last evaluation (6 years), she had a coarse facial appear-
ance, did not speak, could sit independently, but was unable to walk. A whole-exome sequencing
(WES) identified a homozygous pathogenic variant in FIG4 and another likely pathogenic variant
in SNX14, establishing a dual diagnosis of CMT4] and SCAR20. The patient’s symptoms over-
lapped with those of patients with CMT4]J and SCAR20. Conclusions: This case underscores the
importance of performing adequate phenotypic characterization before ordering WES, especially
in cases with nonspecific or combined clinical presentations, in order to obtain an accurate genetic
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diagnosis and provide personalized medical care.

Introduction

Dual diagnoses of two genetic disorders are un-
common. However, the identification of genetic find-
ings responsible for more than one condition in the
same patient has increased with the implementation of
genome-wide molecular techniques'?. In this context,
the coexistence of autosomal recessive diseases may be
higher in children of consanguineous parents. Recog-
nizing the presence of more than one genetic disease
in the same patient helps to understand cases in which
phenotypes are unexpected or overlapping, allowing
for better prognostic assessment and adaptation of the
medical management for the affected patient.

Hereditary neuropathies can be classified into two
main groups: primary and secondary neuropathies. In
primary neuropathies, there is usually selective periph-
eral nerve involved. On the other hand, in secondary
neuropathies, a multisystemic disease presents with
neuropathy as one of its symptoms. Hereditary sen-
sory-motor neuropathies or Charcot-Marie-Tooth
(CMT) disease are primary neuropathies’. CMT dis-
ease is a heterogeneous group of neuropathies char-
acterized by muscle weakness and atrophy (predomi-
nantly distal, hyporeflexia, and pes cavus), with an esti-
mated prevalence of 40/100,000, and has been linked to
more than 130 genes?. There are several classifications
of CMT. One of the best-known classifications divides
CMT into autosomal dominant demyelinating CMT
(CMT1), axonal CMT (CMT2), autosomal recessive
demyelinating CMT (CMT4), intermediate CMT, and
X-linked CMT (CMTX). CMT1 is the most common
subtype, accounting for 41% of all CMT cases, and is
mainly associated with PMP22 gene duplications. On
the other hand, several genes have been involved in

CMT4, including FIG4, which is associated with type
4] CMT and accounts for less than 0.5% of CMT cases
(CMT4J)>**.

Spinocerebellar ataxia (SCA) is a heterogeneous
group of hereditary diseases characterized by cerebel-
lar ataxia and spinal cord neuronal loss. SCA subtypes
are numbered according to the order in which they
were described. Clinically, SCAs are characterized by a
lack of coordination and dysarthria. The prevalence of
SCA is 3/100,000, with regional variations’. SCAR20 is
arare autosomal recessive SCA characterized by ataxia,
dysmorphism, and intellectual disability'®'*.

In this report, we describe the case of a girl born
to healthy consanguineous parents with demyelinating
neuropathy and central nervous system involvement.
Whole exome sequencing (WES) allowed for the dual
diagnosis of CMT4J and SCAR20, both of which are
autosomal recessive disorders. Patient’s mother signed
written informed consent, following the institutional
guidelines.

The objective is to describe the dual diagnosis of
CMT4] and SCAR20, which has not been previously
reported in international literature.

Clinical Case

The patient, currently a 6-year-old girl, is the
daughter of consanguineous parents, first cousins,
from Santiago, Chile. The pregnancy was monitored,
and there were no ultrasound abnormalities. The pa-
tient was born at term without complications, weigh-
ing 3.8 kg and measuring 49 cm in length. Head cir-
cumference and Apgar scores were not recorded. No
otoacoustic emission testing was performed at birth.
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During the first two years of life, the patient was
followed at another hospital for a swallowing disor-
der, with adequate weight gain. She had three epi-
sodes of aspiration pneumonia associated with such a
swallowing disorder. She required hospitalization for

Figure 1. Patient with CMT4J and SCA20. A. At 5 years of age: mild facial
dysmorphic features, including broad lateral eyebrows, telecanthus, epi-
canthus, a thick nasal tip, and thick lips with a tent-shaped open mouth.
B. At 7 years of age: progression of the previously described dysmorphic
features, with a coarser facial appearance. C. At 5 years of age: bilateral
foot drop, pes cavus, and distal muscle atrophy. D. At 7 years of age: the
patient achieved independent sitting, her highest motor milestone to date.
CMT4J: Charcot—Marie—Tooth disease type 4J; SCA20: spinocerebellar ataxia
type 20.
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oxygen therapy, but mechanical ventilation was not
used. During this time, she presented global psycho-
motor developmental delay, hypotonic syndrome,
chronic lung damage, and oxygen dependence. A gas-
trostomy was performed using the Nissen technique.
During her last hospitalization due to pneumonia
at 9 months of age, she was referred for evaluation
in the Neurology and Genetics unit at the hospital,
where she was being followed at the time. An electro-
encephalogram was performed and was normal, but
no neuroimaging or genetic studies were available at
that time.

At 2 years of age, follow-up was initiated at our
neuromuscular clinic due to hypotonia and global psy-
chomotor developmental delay. The initial examina-
tion revealed that the patient was able to fix her gaze
but did not respond to sounds. Motor examination
showed generalized hypotonia, predominantly distal
and axial, with proximal strength graded as M4+/5 and
distal strength as M4/5 in all four extremities according
to the Medical Research Council scale. She lacked head
control and had generalized areflexia. Hearing tests
revealed severe bilateral sensorineural hearing loss at
2 years of age, which remained in the same range at
a follow-up at 4 years of age. Hearing aids were pre-
scribed, but she did not use them consistently, so it was
not possible to assess their effectiveness. The patient
developed persistent hypotonia and hyporeflexia, and
choreoathetotic movements were observed during fol-
low-up (Figure 1).

Complete blood count, blood ammonia, blood
lactate, liver function tests, renal function tests, and
total creatine kinase were performed and were nor-
mal. A peripheral electrophysiological study was per-
formed at 2 years of age, revealing signs of hereditary
demyelinating polyneuropathy. Cerebral MRI re-
vealed subtle signal alteration in the bilateral periven-
tricular and deep frontoparietal white matter on T2/
FLAIR sequences, with a nonspecific appearance, as
well as atrophic changes in the superior aspect of both
cerebellar hemispheres and the vermis, with widen-
ing of the interfolial spaces (Figure 2). Based on these
findings, a white matter disease with central and pe-
ripheral demyelinating involvement was initially sus-
pected. Electrophysiological tests were repeated at 4
years of age, confirming these findings and showing
that they remained stable compared to the previous
evaluation.

Given the clinical phenotype, which includes in-
tellectual disability, polyneuropathy, sensorineural
hearing loss, and choreoathetosis, a diagnostic enti-
ty involving the central and peripheral nervous sys-
tems, including the FITM2, AP1S1, and AP1BI genes
was initially suspected. These genes were not cov-
ered by the commercial genetic panels available at
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Figure 2. Brain magnetic resonance imaging showing atrophy of the superior aspect of both cerebellar hemispheres and the vermis,
with mild widening of the interfolial spaces on sagittal T1-weighted images (A). Mild signal abnormalities in the bilateral periventricular
and deep frontoparietal white matter on axial T2/FLAIR sequences, considered nonspecific (B).

our institution, so WES was requested, focusing on
the genes mentioned above (CENTOGENE labora-
tory). The genetic study and its correlation with the
phenotype showed that the patient was a carrier of a
dual pathology. The genes initially considered when
proposing a diagnostic unit did not show pathogenic
variants in the WES. In contrast, two genes that did
present variants were consistent with the observed
phenotype. WES detected the pathogenic homozy-
gous variant in FIG4 (NM_014845.6:c.122T>C, p.(Ile-
41Thr)) and the likely pathogenic variant in SNX14
(NM_153816.6:¢.2379C>G, p.(Tyr793%)). It is im-
portant to note that although the FITM2, AP1S1, and
APIBI genes share similarities with our patient’s clin-
ical picture, they are all associated with skin involve-
ment (ichthyosis or dry skin), which is not present in
this case. FITM2 is also related to chronic enteropathy,
diarrhea, and malabsorption, while AP1BI is associ-
ated with keratitis, manifestations that were also not
observed. Likewise, the dysmorphisms observed in our
patient have not been described in relation to any of
these three genes. Finally, ataxia, which was not evi-
dent in the early years due to the inability to sit up, is
also not part of the clinical spectrum of FITM2, AP1S1,
or APIBI.

The FIG4:p.1le41Thr variant is well known and has
been reported as pathogenic according to the crite-
ria of the American College of Medical Genetics and
Genomics" based on its identification in multiple pa-
tients, both in compound heterozygosity and in homo-

zygosity, co-segregating with the CMT4] phenotype
(PM3_vs)S. It is present at low frequency in the general
population, with no homozygotes reported (gnomAD:
0.0010) (PM2_p). Functional studies indicate that it
is a hypomorphic allele (PS3_p), and the aggregat-
ed REVEL score (0.855) predicts a deleterious effect
(PP3_m)". Only two patients presented homozygos-
ity for this variant. They also had progressive demye-
linating polyneuropathy, but with onset between the
ages of 9 and 11, with preserved gait and no cognitive
impairment®'®. In one of them, cerebral white matter
involvement was also observed on T2/FLAIR'.

The SNX14:p.(Tyr793*) variant is classified as
probably pathogenic. The criteria contributing to this
classification include that it is a null variant in a gene
whose loss of function is a known disease mechanism
(PVS1_vs) and has a very low frequency in the pop-
ulation, with no reported homozygotes (gnomAD:
0.000004) (PM2_p).

The first gene is related to CMT4] with autosomal
recessive inheritance, while the second is related to the
diagnosis of SCAR20, also autosomal recessive. These
diagnoses are consistent with the clinical presentation
of this patient. As both genes are located on the long
arm of chromosome 6: (SNX14 [6q14.3] and FIG4
[6921]), WES data were evaluated to determine the
possibility that the patient inherited a large genetic seg-
ment with absence of heterozygosity (AOH) from both
consanguineous parents. WES data showed one or
more regions of homozygosity on chromosome 6, but
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guinity. In particular, the largest segment (47.1 Mb)
was located on chromosome 6q12q22.1 (arr[GRCh37]
6q12q22.1(67749352_114838326)x2 hmz), which in-
cludes FIG4 and SNX14.

The patient has gradually achieved new motor
milestones in psychomotor development. She cur-
rently has profound intellectual disability, is in a mul-
tidisciplinary rehabilitation program at a specialized
center, attends school with special education support,
and uses hearing aids. During follow-up, dysmorphic
features that were not evident at the onset of the clini-
cal presentation were identified, such as laterally broad
eyebrows, telecanthus, epicanthus, a broad nasal tip,
and full lips with a tented open mouth, beginning at
age 5. Subsequently, the patient’s facial features have
become coarser. She does not produce any meaning-
ful words and communicates minimally through sign
language, although she understands some simple in-
structions.

The patient achieved independent sitting at age 4
and was able to stand with the use of orthoses at age 6.
She has not yet developed a gait and mobilizes using a
wheelchair. Ataxia manifested as delayed and unstable
sitting, absence of independent standing, and absence
of gait. The weakness associated with neuropathy may
have contributed to a lesser extent to the observed
motor delay. Although scales such as the Scale for the
Assessment and Rating of Ataxia (SARA) and the In-
ternational Cooperative Ataxia Rating Scale (ICARS)
allow quantification of the degree of ataxia, they were
not applied in this patient because they are difficult to
use in nonverbal or nonambulatory patients, as they
require a certain degree of cooperation and under-
standing of instructions. Dystonia has been very mild;
therefore, the use of antidystonic medications has not
been necessary. The patient is dependent on activities
of daily living such as eating, dressing, and personal
hygiene. The MRI study has not been repeated, as this
patient requires sedation, and no neurological deterio-
ration has been observed clinically.

The patient’s phenotype and genotype information
was uploaded to LOVD. (https://databases.lovd.nl/
shared/individuals/00441138).

Discussion

We report the case of a patient with a dual diag-
nosis of two rare diseases, CMT4J and SCAR20. To
our knowledge, this is the first reported case of the co-
existence of these diseases in a patient. Cases of dual
diagnosis of neuromuscular diseases concurrent with
another disease have been reported previously. Some
examples include CMT1A in combination with other
diseases, such as Kennedy’s disease, facioscapulohu-
meral dystrophy, and myotonia congenita'’.
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CMT4] is a rare autosomal recessive hereditary
demyelinating neuropathy'®?' with approximately
50 reported cases. The first report described only pe-
ripheral involvement®. Subsequently, numerous cases
with central involvement have been described!'®*%,
including white matter abnormalities (40%), intel-
lectual disability (38%), cerebellar atrophy (28%),
parkinsonism (19%), dystonia (6%), and sensori-
neural hearing loss (6%) (Table 1). All of these signs,
except for parkinsonism, were detected in our pa-
tient. However, she also had marked language delay
and facial dysmorphia, which have not been reported
in CMT4J. It is speculated that patients with CMT4]
and central nervous system involvement have a sec-
ond pathogenic variant in another gene, as did our
patient. However, to our knowledge, the case report-
ed here is the first in which the association of CMT4]
with a second genetic disease has been identified. The
alterations previously described in white matter are
diverse, including periventricular hyperintensity on
T2/FLAIR, as in the patient described here'®, and in
other locations (basal ganglia, brainstem, and spinal
cord)'®. A degree of cerebral hypomyelination has
also been described, ranging from severe to mild®.
The patient’s dystonias affected the limbs, as de-
scribed in a case in the literature in patients with
CMT4J*. In other cases, focal dystonia of the face
and neck has been described’®. Absence of ambula-
tion is uncommon in patients with CMT4]; howev-
er, cases have been described in which the onset oc-
curred within the first two years of life, and walking
was never achieved, with the ¢.506A>C, p.Tyr169Ser
variant present in homozygosity*.

SCAR20 is another rare disease, with approximately
35 cases reported®. On average, it presents at 2.5 years
of age and is characterized by a dysmorphic face with
coarse features (100%), intellectual disability (94%),
cerebellar atrophy (94%), absence of speech (68%),
ataxia (82%), absence of ambulation (44%), and sen-
sorineural hearing loss (34%) (Table 2). In the patient
described here, the dysmorphic features are similar
to those reported in other patients with SCAR20. As
detailed in Table 2, absence of speech is common in
SCAR20 and can therefore be attributed solely to that
pathology, although hearing loss may also have con-
tributed to some extent. The absence of ambulation is
also common in patients with SCAR20, which presents
with significant ataxia; thus, in our patient, the absence
of ambulation appears to be a manifestation of ataxia
rather than CMT4]J, in which walking is usually main-
tained.

The age of CMT4] onset varies widely, from new-
borns* to 66 years of age'®. In 16/47 reported cases, on-
set occurred during the first 2 years of life. However,
the patient’s variant has been reported in homozygos-
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Table 1. Characterization of 47 reported cases of CMT4J.

CLINICAL CASE

N, Onset NP Cognitive  Parkinsonism, Dystonia, Brain MRI Sensory  Visual signs  Ambulant,
Origin NP demyelinating,  impair- neural %
(ref) year, ment, Hypoacusis,
median % % % % %
5, Germany, 30 100 60 60 20 Brain and 60 Optic 100
Turkey'® cerebellar atrophy,
atrophy, WMI cataracts
1, Spain™ 14 100 0 100 0 Normal 0 0 100
2, U 12 100 50 100 0 Brain atrophy 0 0 100
11, US* 12 100 18 0 0 WMI 0 0 100
1, US'® 11 100 no 0 0 WMI 0 Optic neuritis 100
5), U= 11 100 0 0 0 Normal 0 No 100
1, Canada, 12 100 0 0 0 ND 0 No 100
Montreal??
7, US, 0.5 100 100 0 14 Cerebellar 0 Strabismus, 72
Asia® atrophy, WM, maculopathy,
ventriculomegaly optic atrophy
3, Pakistan** 0.5 100 100 0 67 WMI, HOD, 0 No 0
hyperintensities,

cerebellar

atrophy
2, Britain?! 11 100 0 0 0 SD 0 No 100
1, Grece® 50 100 No Si No Normal No Anisocoria 100

strabismus,
diplopia

8, 28 100 25 38 0 Brain and 0 100
Australia’ cerebellar

atrophy
Mean 13.5
N° 40 18 9 3 19 3 10 40
Percentage 100% 38% 19% 6% 76% 6% 21% 85%

N, number; Ref, reference; NP, neuropathy; MRI, magnetic resonance imaging; WMI, white matter involvement; ND, no data; hypertrophic

olivary degeneration, HOD.

ity in only two previous cases, with a milder pheno-
type*!. It is possible to suggest that the earlier onset
phenotype observed in our patient can be explained by
the association with SCAR20.

The described dysmorphisms, absence of speech,
and inability to walk independently, which are char-
acteristics of SCAR20 combined with those of CMT4]J,
perfectly explain the complex phenotype of our pa-
tient, who presents a combined phenotype.

WES allowed us to identify two rare diseases with a
combined phenotype. A known advantage of WES and
genome sequencing (GS) is the unbiased evaluation of
genes performed during these analyses. Given the rari-
ty of both diseases, WES identified both conditions ac-

curately, quickly, and cost-effectively, resulting in ad-
justments to the management of personalized patient
support. Dual diagnoses have been consistently report-
ed since WES/GS became part of the genetic diagnostic
offering, in 1-2% of patients evaluated®. As expected,
the rate of dual diagnoses is higher in consanguineous
families for whom there is a higher probability of two
or more recessive diseases, as presented by the patient
in this report.

Longitudinal follow-up is essential in patients with
neuromuscular diseases, as it allows the identification
of useful phenotypic clues for the search for a specif-
ic etiological diagnosis and for phenotype-genotype
correlation. In addition, systematic evaluation favors
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Table 2. Characterization of 35 reported cases of SCAR20

Charcot-Marie-Tooth Disease - D. Avila-Smirnow et al

N, Origin (ref) Age at Epilepsy  Cognitive Absent Brain MRI Sensory Ambulant Ataxia

onset, impairment  speech Neural

years % % % Hypoacusis, %

%
1, India'? 0 100 100 100 Cerebellar atrophy 0 100 100
1, India™ 12 0 100 100 Cerebellar atrophy 0 100 100
1, Portugal' 0,2 50 100 100 Cerebellar atrophy 50 0 SD
7, Portugal, 12 0 100 85 Cerebellar atrophy, 71 57 57
Turkey'® narrow pons
22, UAE, Egipto, 2.2 36 100 64 Cerebellar and brain 22 73 100
Yemen, Pakis- atrophy, white matter
tan, Turkey! involvement
2, Oman® 1.6 0 100 0 Cerebellar atrophy, white 50 50 50
matter involvement

Mean 4.3
N 10 35 24 34 12 18 29
Percentage 28% 94% 68% 94% 34% 56% 82%

N, number; Ref, reference; MRI, magnetic resonance imaging; ND, no data; UAE, United Arab Emirates.
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the implementation of more personalized therapeutic
interventions and contributes to generating relevant
clinical and scientific evidence.

This case illustrates the importance of perform-
ing a comprehensive clinical characterization before
requesting an exome study, as this allows for the pre-
cise definition of Human Phenotype Ontology (HPO)
terms. An adequate phenotypic description optimizes
genotype-phenotype correlation and improves the di-
agnostic performance of genetic analysis.

Conclusions

In cases with complex phenotypes, a detailed descrip-
tion of clinical signs is necessary to guide the inter-
pretation of WES/GS. This case with a dual diagnosis
of CMT4] and SCAR20 highlights the importance of
considering WES/GS as a first-line test in patients with
complex, highly heterogeneous, and/or atypical phe-
notypes, especially if the parents are consanguineous,
as there is a possibility that more than one gene may
explain the patient’s clinical presentation.
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