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 CMT4J is estimated to account for 0.3% to 0.4% of all diagnosed Charcot-Marie-Tooth
cases (Nicholson et al., 2011; DiVincenzo et al., 2014, Fridman et al., 2015). Based on
the 2024 U.S. population of nearly 342 million people and the well-established CMT
prevalence of approximately 1 in 2500, the prevalence of CMT4J in the U.S. is
estimated to be between 400 and 550 cases.

 This designation request focuses on CMT4J (OMIM 611228). Symptoms and age of
onset vary, with pediatric onset disease often characterized by a rapid progression of
muscle weakness and atrophy, often leading to the inability to walk by late adolescence.
Asymmetric muscle weakness is common, as is localization to only proximal or distal
portions of the limbs. Disease severity can range from mild gait difficulties to
quadriparesis.

 Recent evidence supports that almost 75% of CMT4J patients are diagnosed before the
age of 18 with over half of new patients diagnosed in late adolescence between ages 5
and 10.

 There are no approved treatments for CMT4J, leaving an unmet medical need for this
serious and quality of life limiting disease affecting pediatric patients.

 ELP-02 is an AAV9 gene therapy containing codon optimized human (h) FIG4, which
has been shown to extend the lifespan of plt mice which are FIG4 deficient from a few
weeks to at least a year with near normal behavioral, neurophysiological, and
histopathological phenotypes (Presa et al., 2021).

 The therapeutic goal is to treat pediatric patients with a single one-time intrathecal
administration of ELP-02, which will provide the FIG4 protein which may potentially
prevent further progression of the disease, improving functional outcomes and survival.
As with similar pediatric diseases, it is likely that earlier treatment could provide better
outcomes for patients (Gray, 2016).

In summary, the data presented in this designation request support the granting of rare 
pediatric disease designation to ELP-02. 

7.1. Description of CMT4J (and FIG4-related diseases) 

7.1.1. Pathophysiology  

The FIG4 (factor-induced) gene (located in chromosome 6q21) (also known as Sac3 [SAC 
domain-containing protein 3])  encodes a phosphatase that removes the 5-phosphate from the 
inositol ring of phosphoinositide PI(3,5)P2, a membrane-bound phospholipid that acts as a 
molecular signal for trafficking and fusion of intracellular vesicles (Figure 2).  In cells 
derived from 13 patients with Charcot-Marie-Tooth disease type 4J (CMT4J), there was a 
noted decrease in steady-state levels of PtdIns(3,5)P2 and PtdIns5P. This reduction was 
independent of the onset of disease symptoms, suggesting that the decline in these lipid 
levels occurs before symptoms appear (Shisheva et al., 2019). CMT4J patients are compound 
heterozygotes with one null FIG4 allele and one missense FIG4-I41T allele (FIG4-c.122 T>C 
mutation). The FIG4-I41T mutation, which changes isoleucine to threonine at residue 41 of 
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the FIG4 protein, is the most common missense mutation in CMT4J and causes significant 
functional loss (Beloribi-Djefaflia et al., 2024). This mutation results in an unstable FIG4 
protein and leads to the accumulation of swollen endo/lysosomes and disruptions in vesicular 
organelle transport and function (Hu et al., 2018; Gentil et al., 2017) (Figure 3).  

Figure 2 Predicted structure for FIG4. 

A. Predicted structure for FIG4 with I41T mutation located near the surface of the N-terminal domain (blue). B.
predicted protein in the PI(3,5)P2 biosynthetic complex. I41T reduces interactions with FAB1 (5’-kinase,
PIKFYVE) and VAC14 (scaffold protein, ArPIKfyve), resulting in mislocalization of the complex. (Figure
courtesy of Lenk et al., 2011)

Figure 3 Deficiency in FIG4. 

Although FIG4 is a lipid phosphatase that can convert PI(3,5)P2 to PI(3)P, it exists within a complex with the 
lipid 5 kinase (PIKFYVE) and VAC14. Deficiency of any of the subunits results in deficiency of PI(3,5)P2 
and PI(5)P, which are required for lysosomal homeostasis. (B) The altered TRIPML1 channel function and 
impaired lysosomal fission likely contribute to the prominent vacuolation phenotype in CMT4J. Similarly, 
cultured embryonic fibroblasts from Fig4 null mice accumulate large, acidic vacuoles (photograph provided 
with permission by G. Lenk and M. Meisler). 

FIG4 is highly expressed in the brain, endocrine tissues, skin, and respiratory system (Yu et 
al., 2022). In rat studies, FIG4 was found abundantly in neurons and myelin-forming cells in 
the CNS and PNS during neural development and is diminished in neurons of the adult CNS 
(Guo et al., 2012). Mutation in the FIG4 gene results in the deficiency of not only FIG4, but 
also the complex formed with PIKFYVE and VAC14. This results in a deficiency of 
PI(3,5)P2 and PI(5)P, required for lysosomal homeostasis. Impaired lysosomal fission likely 
contributes to the vacuolation phenotype of CMT4J (Figure courtesy of Svaren, 2021). 

In mouse mutants with conditional inactivation of FIG4 in either motor neurons or Schwann 
cells, it was found that FIG4 loss in motor neurons causes neuronal and axonal degeneration, 
whereas FIG4 loss in Schwann cells resulted in general trafficking impairment, leading to a 
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Patients described in Table 3 generally have CMT4J disease (without CNS anomalies) 
associated with the most common compound heterozygote in which one FIG4 allele is null 
and the other encodes a missense FIG4-I41 T allele. The less common heterozygote with a 
missense FIG4-Ll 7P in place ofl41 T has only been noted once (Nicholson et al., 2011), 
while other less common mutations present with similar CMT 4J disease. 

7.1.2.2. Survey study to capture disease burden: 

To capture the disease burden in patients with CMT4J, Elpida Therapeutics sent out surveys 
to caregivers (15 patients with CMT4J, Elpida Therapeutics, unpublished 2024) to obtain 
unique insights into the daily challenges and overall impact of rare disease symptoms. The 
goal was to understand the aITay of symptoms and how improved ti·eatment options would 
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impact quality of life for those affected by CMT4J. Among the survey were 2 open ended 
questions relating to the most impactful symptoms of daily life and the caregiver responses 
shown below. 

Question 1: “What symptoms of your CMT4J most impact your daily quality of life?” 

 Mobility (73%)

 Balance/Standing (67%)

 Fatigue (67%)

 Arms/Hands (50%)

 Pain (47%)

 Sensory loss (27%)

 Respiratory/Vocal/Swallowing (13%)

Question 2: “What specific aspects of daily life are most challenging because of CMT4J?” 

 Work/School (67%)

 Exercising (60%)

 Using Hands (47%)

 Caring for Self (47%)

 Hobbies (40%)

 Communicating (20%)

 Driving (13%)

7.1.3. Incidence and prevalence of CMT4J 

CMT affects an estimated 126,000 individuals in the US (1 in 2500) (Nam and Choi, 2019). 
CMT4J is one of many subgroups belonging under the umbrella of CMT and currently the 
estimated US prevalence is 1 per 1,000,000 (ranging between 0.2% of CMT patients and 
0.3% [of those genotyped] of a large cohort of individuals with genetic neuropathy); 
significantly below the level required for orphan designation. 

The prevalence of a disease should be established using authoritative peer-reviewed 
references based on the U.S. population therefore a PubMed literature search was conducted 
(17 May 2024) without limit of publication date using the following search terms: 

 “CMT4J” (N=42 publications),

 “Charcot-Marie-Tooth type 4J” (N=42),

 “FIG4” (N=175),
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 “FIG4 mutation” (N=107)

 “Charcot-Marie-Tooth” (N=6,309)

Within each of these searches, “incidence,” OR “prevalence” was added.  

As previously discussed, no publications were identified that spoke specifically to the 
incidence of CMT4J in the US. Most of the limited information available was related to 
allelic frequency of the FIG4-I41T allele and frequency of CMT4J among CMT disease 
patients.  

Table 4 Data Supporting Prevalence of CMT4J 
Data Source Key data 
Chow et al. (2007)  Screened FIG4 in 95 individuals diagnosed with CMT

disorder but lacking mutations in known genes (US cases)
 Identified 5 patients – null/I41T FIG4 heterozygous

Nicholson et al. 
(2011) 

 8 Patients CMT4J out of 4000 sent for CMT disease gene
panel testing (0.2%) (Athena Diagnostics in US)

 3 patients CMT4J identified from 6 CMT disease patients
negative for CMT disease genes (Australian families)

 Frequency of I41T heterozygotes in 5769 Northern European
Controls was calculated as 0.001 allelic frequency (13/5769)

Saporta et al. (2011)  Identified 2/527 (0.4%) CMT4 patients among CMT patients
with a genetic diagnosis (from 1024 patients evaluated at a
clinic between 1997 and 2009 at Wayne State University,
Detroit, MI)

DiVincenzo et al. 
(2014) 

 0.3% FIG4 mutations (10/3216) of cohort of 17,780 patients
sent for commercial testing from 2009 to 2013, Athena
Diagnostics for 14 CMT-related disease

Fridman et al. (2015)  CMT4J was identified in 4 patients (0.24%) from 1652
patients in a natural history cohort for CMT from 2009 to
2013 that included 13 Inherited Neuropathy Consortium sites
(including 10 in the US)

Lafontaine et al. 
(2021) 

 Identified 1.57% (12/764) French patients with CMT that
had I41T mutation. Among these, 3 had homozygous I41T.

Sadjadi et al., 2024) in 
press 

 Neurogene CMT4J NHS (NCT03810508) included 16/20
patients with CMT4J from the US (2019-2022)

Elpida Therapeutics 
CMT4J Natural 
History Study 

 Elpida Therapeutics CMT4J NHS (NCT06151600) will
enroll 20 patients with CMT4J at 4 sites in the US (expected
2024). Among those that have contacted Elpida Therapeutics
interested in participating, 21/26 are from the US

7.1.4. Standard of Care 

There is no treatment for CMT4J (or any of the other phenotypes associated with mutation in 
the FIG4 gene). Standard of care for CMT4J patients is limited to symptom management and 
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supportive care, including physical and occupational therapy, assistive devices, surgeries for 
deformities, and pain management (McCorquodale et al., 2016). Although these interventions 
may help improve daily functioning and quality of life, they do not address the underlying 
genetic cause of the disease, allowing disease progression to continue.  

Elpida Therapeutics is developing ELP-02 to treat CMT4J. The therapeutic goal of ELP-02 is 
to reverse and/or prevent progressive symptoms of CMT4J in patients with a single one-time 
intrathecal administration, resolving or preventing the serious manifestations, and providing 
patients the opportunity to experience an improved quality of life. In addition, a study is 
designed to investigate the clinical characteristics and natural history of CMT4J. The aim is 
to follow subjects with a molecularly confirmed diagnosis of CMT4J longitudinally to collect 
standardized clinical data to evaluate epidemiological characteristics, clinical course, and to 
identify potential outcome measures which may be used in future clinical trials. Clinical data 
collection will include medical history and physical exam, biochemical analyses, calf muscle 
imaging, nerve conduction studies, pulmonary function testing and neuropsychological 
assessments. 

7.2. Mechanism of action of ELP-02 

Efficient transduction of neurons in the PNS and CNS by intrathecal delivery with ELP-02 
(AAV9 vector expressing the normal FIG4 gene) is expected to positively impact the normal 
course of disease progression in FIG4 patients. The mode of action of ELP-02 is to express 
the normal FIG4 gene in the targeted cells, restoring normal function. Primary cellular targets 
proposed for the treatment of FIG4 are lower motor neurons, as CMT4J is predominantly a 
peripheral nervous system (PNS) disorder, though the route of administration may also target 
the CNS. FIG4 expression in the cytoplasm is found in most tissues, with high expression in 
the brain, endocrine tissues, skin, and respiratory system, so the targeting of any other cell 
types within the body is also desired. The AAV9 vector utilized is expected to deliver the 
FIG4 gene to these primary targets (Bailey et al., 2018). The introduced cDNA should exist 
primarily as an episome following transfer of ELP-02 and express a normal version of 
functional human FIG4 protein continuously, which should prevent/slow the onset of 
CMT4J.  

Nonclinical proof-of-concept has been established from an in vivo mouse study that supports 
PNS and CNS targeting using the proposed clinical route of administration (intrathecal 
injection). These data are described in Section 7.3. 

7.3. Non-clinical Proof of Concept studies supporting ELP-02’s 
usefulness to treat CMT4J 

The following nonclinical study provides proof of concept that ELP-02 provides promise for 
the clinical treatment of CMT4J: 

 In vivo administration of ELP-02 to homozygous plt (pale tremor) F1 hybrid C57BL/6J x
C3HeB/FeJ mice, FIG4-deficient mice, dose dependently improved outcomes including
survival and was more effective when mice were treated one day after birth compared to
day 4, 7 or 11 days after birth.
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“swimming” gait (Chow et al., 2007). Mice have demyelination, loss of motor neurons, and 
vacuolization in many regions of the nervous system, resulting in a median life span of 
approximately 35 days in C57BL/6.C3H F1 genetic background mice (survival in either 
inbred background alone is only a few days) (Presa et al., 2021). 

Presa et al. (2021) used the homozygous plt mouse (using an F1 hybrid B6;C3Fe-
Fig4plt1MmJ that survives up to 35 days) as a model for CMT4J to evaluate gene-therapy 
treatment with AAV9-delivered FIG4, though they do consider that this model is more 
analogous to Yunis-Varon syndrome, considering both the symptoms of the disease and the 
homozygous null FIG4 alleles in the mice. 

Administration of the AAV9-FIG4 vector to the homozygous plt mice was done by either 
intracerebroventricular (i.c.v.) (post-natal day, P1 and P4 with 5.4E11 vg) or intrathecal (i.t.) 
(P7 and P11 with 1.35E12 vg) injection (Figure 4). The i.c.v. delivery at P1 or P4 extended 
the life span from weeks to at least a year with nearly normal behavioral, neurophysiological, 
and histopathological phenotypes (Figure 5, C and D). The i.t. delivery at P7 or P11 resulted 
in an increased median life span of 90 days (P7) or 17 days (P11), with phenotypic changes 
more pronounced in the P7 than P11 delivery (Figure 5, E and F). Thus, all these treatment 
paradigms produced benefit except i.t. injection at P11, as indicated by improved survival, 
improved gross motor function including grip strength, improved peripheral motor nerve 
conduction, and improved histopathological outcomes in spinal cord and dorsal root ganglia, 
as well as other parts of the central nervous system. 

Figure 4 Outline of Preclinical Study Design with AAV9-FIG4 Vector in Fig4plt/plt 
mice 
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alleles. It is characterized by progressive motor weakness with sensory involvement 
resulting in quadriplegia, respiratory failure, and a shortened lifespan. 

 CMT4J is estimated to account for 0.3% to 0.4% of all diagnosed Charcot-Marie-Tooth
cases (Nicholson et al., 2011; DiVincenzo et al., 2014, Fridman et al., 2015). Based on
the 2024 U.S. population of nearly 342 million people and the well-established CMT
prevalence of approximately 1 in 2500, the prevalence of CMT4J in the U.S. is
estimated to be between 400 and 550 cases.

 This designation request focuses on CMT4J (OMIM 611228). Symptoms and age of
onset vary, with pediatric onset disease often characterized by a rapid progression of
muscle weakness and atrophy, often leading to the inability to walk by late adolescence.
Asymmetric muscle weakness is common, as is localization to only proximal or distal
portions of the limbs. Disease severity can range from mild gait difficulties to
quadriparesis.

 Recent evidence supports that almost 75% of CMT4J patients are diagnosed before the
age of 18 with over half of new patients diagnosed in late adolescence between ages 5
and 10.

 There are no approved treatments for CMT4J, leaving an unmet medical need for this
serious and quality of life limiting disease affecting pediatric patients.

 ELP-02 is an AAV9 gene therapy containing codon optimized human (h) FIG4, which
has been shown to extend the lifespan of plt mice which are FIG4 deficient from a few
weeks to at least a year with near normal behavioral, neurophysiological, and
histopathological phenotypes (Presa et al., 2021).

 The therapeutic goal is to treat pediatric patients with a single one-time intrathecal
administration of ELP-02, which will provide the FIG4 protein which may potentially
prevent further progression of the disease, improving functional outcomes and survival.
As with similar pediatric diseases, it is likely that earlier treatment could provide better
outcomes for patients (Gray, 2016).

The sponsor considers the data presented in this submission supports the granting of rare 
pediatric disease designation to ELP-02. 
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