Ichthyotic Keratoderma, Spasticity,
Hypomyelination and Dysmorphic Facial
Features (IKSHD): A Comprehensive
Disease Report

Disease: Ichthyotic Keratoderma, Spasticity, Hypomyelination And Dysmorphic Facial Features
(IKSHD) Causal gene: ELOVL1 (ELOVL fatty acid elongase 1) OMIM phenotype: #618527 |
OMIM gene: 611813 | HGNC: 14417 | Locus: 1p34.2 Suggested MONDO mapping:* MONDO
term for "ichthyotic keratoderma, spasticity, hypomyelination, and dysmorphic facial features"

Summary

Ichthyotic Keratoderma, Spasticity, Hypomyelination and Dysmorphic Facial Features
(IKSHD) is an ultra-rare (<1/1,000,000) congenital, multisystem disorder that sits at the
interface of dermatology and neurology. It is caused by pathogenic variants in ELOVLI1, the
gene encoding the endoplasmic-reticulum (ER) fatty-acid elongase that performs the first and
rate-limiting condensation step of very-long-chain fatty acid (VLCFA) biosynthesis. The
classic autosomal-dominant form of IKSHD arises from a recurrent de novo heterozygous
missense variant, c.494C>T (p.Ser165Phe), identified independently in multiple unrelated
pediatric probands without a family history of disease (PMID: 29496980; PMID: 30487246;
PMID: 42101073).

Mechanistically, IKSHD is a VLCFA-biosynthesis deficiency. ELOVL1 elongates saturated and
monounsaturated C22-C26 VLCFAs, which are esterified into ceramides (essential for the
epidermal permeability barrier) and myelin sphingolipids (essential for central white-matter
integrity). Loss of ELOVL1 function depletes these VLCFA-containing complex lipids, producing
the two-compartment clinical signature: ichthyotic keratoderma in skin and
hypomyelination with progressive spasticity in the central nervous system, accompanied by
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dysmorphic facial features and nystagmus. Notably, IKSHD is the biochemical mirror image of
VLCFA-catabolism leukodystrophies such as X-linked adrenoleukodystrophy (X-ALD), where
VLCFAs accumulate; both nonetheless converge on white-matter pathology and spasticity.

A defining feature of the ELOVLI1 disease spectrum is a graded, allele-dose-dependent
severity. Monoallelic de novo p.Ser165Phe produces classic IKSHD with mild cerebral
hypomyelination, whereas biallelic (recessive) variants cause a more severe and
recognizable hypomyelinating leukodystrophy with a complex movement disorder (head
tremor, myoclonus, dysarthria), 100%-penetrant developmental delay and spasticity, and
corpus callosum hypoplasia (PMID: 40590574). No disease-specific or ELOVL1-targeted therapy
exists; management is symptomatic and multidisciplinary — topical emollients, keratolytics
and retinoids for the skin, and antispasticity agents plus physical/occupational/speech therapy
for the neurological features.

1. Disease Information

Overview. IKSHD is a congenital multisystem genodermatosis-plus-leukodystrophy
characterized by the tetrad encoded in its name: (1) ichthyotic keratoderma (generalized
scaling with palmoplantar involvement), (2) spasticity (upper-motor-neuron signs,
progressive), (3) hypomyelination (deficient central white-matter myelin on MRI), and (4)
dysmorphic facial features. Additional recurrent features include nystagmus and
developmental delay. The disorder was delineated in 2018 when whole-exome sequencing of
two unrelated pediatric probands with this shared phenotype identified a novel heterozygous
ELOVL1 variant (PMID: 29496980).

Key identifiers.
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Resource Identifier

OMIM (phenotype) #618527

OMIM (gene
*611813
ELOVL1)
HGNC 14417
Gene locus 1p34.2
Ultra-rare; listed under ELOVL1-related disorders (specific ORPHAcode as
Orphanet .
assigned)
sl Best mapped under hereditary ichthyoses / hereditary spastic conditions (no
dedicated code)
MeSH No dedicated MeSH descriptor; indexed via ELOVL1, "Ichthyosis,"
e
"Hypomyelination"
MONDO Map to the ELOVL1-related IKSHD phenotype entry

Synonyms |/ alternative names. IKSHD; ELOVL1-related ichthyosis—spasticity—
hypomyelination disorder; ELOVL1-related neuroichthyosis. The biallelic form is described as
"hypomyelinating leukodystrophy, movement disorder, and ichthyosis" (PMID: 40590574).

Nature of information. Evidence is derived from individual patient reports and small case
series (aggregated at the disease level via OMIM/Orphanet), not from large EHR cohorts —
consistent with an ultra-rare Mendelian disorder.

2. Etiology

Primary cause (genetic). IKSHD is a monogenic disorder caused by pathogenic variants in
ELOVL1. The classic dominant form results from a recurrent de novo heterozygous missense
variant p.Ser165Phe (c.494C>T); a more severe form results from biallelic variants. There is
no environmental or infectious etiology.

Genetic risk factors. The causal variant is the risk factor. The recurrent p.Ser165Phe change is
the principal reported dominant allele; biallelic loss-of-function/hypomorphic variants define
the recessive end. Because ELOVL1 sits within a network of six mammalian ELOVL elongases
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(ELOVL1-7), other ELOVL genes are candidate modifiers: patient fibroblasts show
dysregulation of other ELOVL enzymes, which may buffer or aggravate the VLCFA deficit
(PMID: 40590574).

Environmental risk factors. None established. As a de novo-dominant disorder, advanced
parental age is a theoretical (unproven) contributor to de novo variant occurrence. Sex
distribution is approximately 1:1.

Protective factors. None established genetically or environmentally. Mechanistically, residual/
compensatory activity of paralogous elongases (ELOVL3, ELOVL6, ELOVL7) that also handle
VLCFA substrates could partially mitigate severity, but this is inferred, not demonstrated.

Gene-environment interactions. No specific GXE interactions have been documented. Skin-
barrier compromise means that environmental factors affecting congenital ichthyosis
generally (low humidity, temperature extremes, infection risk through a defective barrier) can
modulate cutaneous morbidity, but these are downstream and non-specific.

3. Phenotypes

IKSHD is a two-compartment disorder (skin + CNS) with facial dysmorphism. Frequencies
below are best-characterized for the biallelic cohort (n=7; PMID: 40590574); the monoallelic
form has similar features but milder hypomyelination.
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Quality-of-life impact. The combination of progressive spasticity, a complex movement
disorder, dysarthria, and developmental delay imposes substantial motor and communication
disability, likely requiring mobility aids, assistive communication, and long-term caregiver
support. The ichthyotic skin adds chronic pruritus/xerosis, cosmetic burden, thermoregulatory
and barrier-infection concerns. Disease-specific QoL instruments have not been reported;
generic pediatric-disability and dermatologic-QoL tools would apply.

4. Genetic / Molecular Information

Causal gene. ELOVL1 (ELOVL fatty acid elongase 1; HGNC:14417; OMIM 611813; locus 1p34.2).
ELOVL1 catalyzes elongation of saturated and monounsaturated C22-C26 VLCFAs* the rate-
limiting condensation step of the ER elongation cycle (PMID: 30487246; PMID: 16564093).

Pathogenic variants.

: Zygosity/ e :
VEIEL Nomenclature . Classification Disease
inheritance
Heterozygous, ) . Classic IKSHD
p-Ser165Phe  c.494C>T Pathogenic Missense
de novo (AD) (#618527)
. . . . Severe
Biallelic Homozygous/ Pathogenic/ Missense + L
) . hypomyelinating
ELOVL1 (various) compound- likely LoF/
i ) . leukodystrophy
variants het (AR) pathogenic hypomorphic

+ ichthyosis

* Allele frequency. The recurrent p.Ser165Phe is de novo and absent/ultra-rare in population
databases (gnomAD), consistent with a highly penetrant pathogenic change.

* Somatic vs germline. Germline (de novo in dominant cases; inherited in recessive cases).

* Functional consequence. The biochemical readout is loss of elongase output — reduced
plasma C24:0 and C26:0 in a biallelic patient, and reduced VLCFA elongation in patient
fibroblasts (PMID: 40590574). The dominant p.Ser165Phe likely acts by impairing enzyme
activity (loss-of-function/dominant effect on the elongation complex); a dominant-negative
contribution on the shared ER four-enzyme complex is plausible but not definitively
established.
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Modifier genes. Paralogous elongases (ELOVL3, ELOVL6, ELOVL7) and downstream
ceramide-synthesis machinery are candidate modifiers; fibroblast studies show compensatory
dysregulation of other ELOVLs (PMID: 40590574).

Epigenetic information. No disease-specific DNA-methylation or histone-modification
signature has been reported for IKSHD.

Chromosomal abnormalities. None; IKSHD is a single-nucleotide/small-variant disorder, not a
copy-number or structural disorder.

5. Environmental Information

IKSHD is a purely genetic disorder. No environmental toxins, radiation, pollution,
occupational exposures, lifestyle factors, or infectious agents cause or trigger it.
Environmental exposures are relevant only as non-specific modifiers of the skin-barrier
phenotype (e.g., dry/cold climates worsening scaling; barrier breaches raising cutaneous
infection risk), analogous to other congenital ichthyoses.

6. Mechanism / Pathophysiology

Ordered causal chain

1. A pathogenic ELOVL1 variant (heterozygous de novo p.Ser165Phe, or biallelic variants)
leads to reduced ELOVL1 elongase activity in the endoplasmic reticulum.

2. Reduced ELOVL1 activity results in impaired condensation — the first, rate-limiting step of
the four-enzyme ER VLCFA-elongation cycle — causing decreased synthesis of saturated/
monounsaturated C22-C26+ very-long-chain fatty acids (measurable as reduced plasma
C24:0 and C26:0). (PMID: 39946831; PMID: 40590574)

3. VLCFA deficiency branches into two tissue-specific consequences:

4. Skin branch: Reduced VLCFAs lead to depletion of ultra-long-chain ceramides and
diminished stratum-corneum lipid lamellae, causing a defective epidermal permeability
barrier that manifests as ichthyotic keratoderma (inferred from Elovl1-knockout mouse:
barrier failure and reduced =C26 ceramides; PMID: 23689133).
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5. CNS branch: Reduced VLCFAs lead to shortened-chain myelin sphingolipids, causing
hypomyelination and, consequently, progressive spasticity and a complex movement
disorder (supported by Elovl1-deficient mouse: reduced myelin-sphingolipid chain length
and impaired motor coordination; PMID: 32123819).

6. Deficient central myelination and cortico-spinal tract dysfunction result in the observed
upper-motor-neuron signs (spasticity, hyperreflexia), dysarthria, nystagmus, head tremor;
and myoclonus.

7. Allele dose modulates severity: monoallelic p.Ser165Phe — mild hypomyelination (classic
IKSHD); biallelic variants — more severe hypomyelinating leukodystrophy with corpus
callosum hypoplasia and 100%-penetrant motor/developmental involvement (inferred from
genotype-phenotype comparison; PMID: 42101073; PMID: 40590574).

Detail by category

* Molecular pathways. VLCFA/sphingolipid biosynthesis (ER fatty-acid elongation cycle:
condensation — reduction — dehydration — reduction). ELOVL1 catalyzes the rate-limiting
condensation step (PMID: 39946831). Downstream: ceramide synthesis (skin) and myelin
sphingolipid assembly (CNS).

* Cellular processes. Epidermal terminal differentiation / cornification (keratinocytes);
oligodendrocyte myelination (CNS). Membrane biogenesis broadly — VLCFAs are esterified
into sphingolipids, glycero(phospho)lipids and ether lipids (PMID: 39946831).

* Protein dysfunction. Loss of elongase catalytic output; possible ER misfolding/dominant
effects on the shared elongation complex (inferred). ELOVL defects are noted to contribute
to disorders at the metabolic-neurodegenerative interface partly via misfolded enzymes in
the ER/Golgi (PMID: 39946831).

* Metabolic changes. Reduced VLCFA/sphingolipid pool (C24:0, C26:0 down). This is the

opposite of VLCFA-catabolism disorders (X-ALD), where ABCD1 loss impairs peroxisomal
VLCFA degradation and VLCFAs accumulate (PMID: 42320861; PMID: 42469918).

* Biochemical abnormalities. Enzyme (elongase) deficiency; reduced ceramide chain length
in skin (Elovl1-KO mouse) and reduced myelin sphingolipid chain length in brain.

* Immune involvement. Not a primary feature; no autoimmunity/immunodeficiency
reported (barrier failure may secondarily raise infection risk).

* Tissue-damage mechanisms. Primarily a developmental/biosynthetic deficiency
(dysmyelination/hypomyelination and defective cornification) rather than degenerative
injury such as oxidative stress or fibrosis.
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Ontology suggestions. GO biological processes: fatty acid elongation (G0:0030497), very
long-chain fatty acid metabolic process (GO:0000038), sphingolipid biosynthetic process
(GO:0030148), myelination (G0:0042552), keratinocyte differentiation (G0:0030216),
establishment of skin barrier (GO:0061436). GO cellular component: endoplasmic reticulum
membrane (G0:0005789). CL cell types: keratinocyte (CL:0000312), oligodendrocyte
(CL:0000128). CHEBI: very long-chain fatty acid (CHEBI:27283), ceramide (CHEBI:17761).

Mechanistic diagram
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7. Anatomical Structures Affected

* Organ level. Primary: skin (integumentary system) and brain/central white matter
(nervous system). Secondary: eyes/oculomotor pathways (nystagmus). Body systems:
integumentary and central nervous systems predominate.

* Tissue/cell level. Epidermis — keratinocytes/stratum corneum (CL:0000312). CNS white
matter — oligodendrocytes and myelin sheaths (CL:0000128). Corpus callosum hypoplasia
indicates commissural white-matter involvement.

* Subcellular level. Endoplasmic reticulum membrane (GO:0005789) — site of the ELOVL1
elongation complex; downstream sphingolipid-rich plasma/myelin membranes.
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* Localization (UBERON). Skin/epidermis (UBERON:0001003 / UBERON:0001834), palms and
soles (palmoplantar keratoderma), brain white matter (UBERON:0002316), corpus callosum
(UBERON:0002336). Involvement is bilateral/generalized (skin) and symmetric (central
white matter).

8. Temporal Development

* Onset. Congenital / neonatal for ichthyosis and hypomyelination; neurological signs
(spasticity, movement disorder, developmental delay) emerge and evolve through infancy
and childhood. Onset pattern is chronic/insidious.

* Progression. Cutaneous disease is chronic and lifelong. Spasticity is progressive;
developmental delay is 100% penetrant in the biallelic cohort. Notably, brain MRI
hypomyelination is described as non-progressive (PMID: 40590574) — i.e., a static
hypomyelination rather than an actively demyelinating course, even as clinical motor signs
progress.

* Disease course pattern. Progressive neuromotor disability on a background of static
white-matter hypomyelination; chronic skin disease.

* Duration. Lifelong.

* Remission / critical periods. No spontaneous remission. Given that myelination is a
developmental process, an early developmental window would be the theoretical
opportunity for any future disease-modifying (e.g., substrate/lipid-supplementation)
intervention — inferred, not demonstrated.

9. Inheritance and Population

» Epidemiology. Ultra-rare, prevalence <1/1,000,000. Only a small number of patients are
reported worldwide (two founding probands plus subsequent case reports for the dominant
form; a 7-patient series for the biallelic form). Precise incidence/prevalence figures are not
established.

* Inheritance patterns.

» Autosomal dominant, de novo: classic IKSHD via recurrent p.Ser165Phe (no family history
in probands) (PMID: 29496980; PMID: 42101073).

10
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» Autosomal recessive: biallelic variants — severe hypomyelinating leukodystrophy (PMID:
40590574).

* Penetrance / expressivity. High/complete penetrance for the reported pathogenic
genotypes; in the biallelic cohort, developmental delay, spasticity, and head tremor were
100% penetrant. Expressivity is graded by allele dose (mono — milder; biallelic - more
severe).

* Genetic anticipation / mosaicism / founder effects. Not reported; not a repeat-expansion
disorder. Germline mosaicism theoretically possible for de novo cases but undocumented.
Consanguinity is relevant for the recessive form (as for AR disorders generally).

» Carrier frequency. Not established; expected very low given ultra-rarity.

* Demographics. No ethnic predilection established. Sex ratio ~1:1. Age distribution:
pediatric-onset; affected individuals present from birth/infancy.

10. Diagnostics

* Clinical recognition. The combination of congenital ichthyosis + spasticity + MRI
hypomyelination + dysmorphic facial features (+ nystagmus) should prompt
consideration of IKSHD/ELOVL1-related disease.

» Laboratory / biomarkers. Plasma VLCFA profiling is the key biochemical test: IKSHD
shows reduced C24:0 and C26:0 (a deficiency pattern), which distinguishes it from X-ALD's
VLCFA accumulation (PMID: 40590574; PMID: 42320861). Fibroblast elongation assays and
stable-isotope substrate assays confirm reduced ELOVL1 activity (PMID: 30487246).

* Imaging. Brain MRI demonstrating hypomyelination (+ corpus callosum hypoplasia) is
central; hypomyelination is non-progressive on serial imaging.

* Genetic testing (definitive). Whole-exome (WES) or whole-genome sequencing (WGS)
is the diagnostic method of choice, given IKSHD was defined by WES (PMID: 29496980).
Targeted single-gene/panel testing for ELOVL1 (in ichthyosis, leukodystrophy, or hereditary-
spastic panels) can confirm the recurrent ¢.494C>T (p.Ser165Phe) or biallelic variants.
Chromosomal microarray/karyotype/FISH/mtDNA/repeat-expansion testing are not
applicable (single-nucleotide disorder).

« Skin biopsy. May show ichthyosis-consistent histology (hyperkeratosis); not specific.

* Differential diagnosis. X-linked adrenoleukodystrophy and other VLCFA-related
leukodystrophies (distinguished by VLCFA accumulation vs deficiency); other congenital

11
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ichthyoses with neurological involvement (e.g., Sjogren-Larsson syndrome — ALDH3A2;
MEDNIK; trichothiodystrophy; Chanarin-Dorfman); other hypomyelinating
leukodystrophies (e.g., PLP1-related). Genetic testing resolves these.

* Screening. No newborn-screening program exists for IKSHD. Cascade genetic testing is
relevant in recessive families. (X-ALD newborn screening, based on C26:0-lysoPC elevation,
will not detect ELOVL1 deficiency, which lowers VLCFAs.)

11. Outcome / Prognosis

* Survival/mortality. No formal survival statistics are published. Unlike neonatal-lethal
complete Elovl1 loss in mice (which die from barrier failure; PMID: 23689133), human
patients survive into childhood and beyond, indicating residual elongase function. Life
expectancy is not well defined but the disorder is chronic rather than rapidly fatal.

* Morbidity/function. Substantial: progressive spasticity, complex movement disorder,
dysarthria, developmental delay, and chronic skin disease produce combined motor;,
communication, and cognitive disability. Many patients likely require mobility and
communication support.

* Disease course. Progressive neuromotor decline on static hypomyelination; lifelong
ichthyosis. Complications include those of severe spasticity (contractures, mobility loss),
swallowing/communication impairment, and skin-barrier-related issues (infection,
dehydration).

* Prognostic factors. Allele dose is the dominant prognostic determinant — biallelic disease
is more severe with 100%-penetrant developmental delay/spasticity and corpus callosum
hypoplasia, versus milder monoallelic IKSHD. Plasma VLCFA depletion severity is a
candidate biochemical prognostic marker (inferred).

12. Treatment

No disease-specific or ELOVL1-targeted therapy exists. Management is symptomatic and
multidisciplinary (PMID: 40590574; dermatologic evidence base PMID: 23870202, PMID:
36928932).

Skin (congenital ichthyosis care).
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: : : NCIT
Intervention Class / mechanism Evidence

suggestion

) . Therapeutic benefit, good safety
Barrier repair/

Topical emollients ) in systematic review (PMID: Emollient
hydration
23870202)
Keratolytics (urea, .
) Standard of care (PMID: Keratolytic

propylene glycol, Desquamation

. 36928932) Agent
lactic acid)

) . . . . Benefit + good safety (PMID: ) )
Calcipotriol ointment Vitamin D analog Calcipotriene

23870202)

Liarozole benefit (PMID:

Topical retinoids Retinoid;
. 23870202); Phase IIb TMB-001 o
(tazarotene, normalizes ] Retinoid
) o . reduced scaling (PMID:
isotretinoin/TMB-001) keratinization
36928932)
) o Effective but limited by
Systemic retinoids L . . )
Oral retinoid teratogenicity/adverse effects Acitretin

(acitretin)
(PMID: 36928932)

Neurological features (symptomatic). Antispasticity agents (e.g., baclofen, botulinum toxin
— NCIT: Baclofen, OnabotulinumtoxinA), physiotherapy, occupational therapy, speech/
language therapy, orthopedic management of contractures, and supportive/movement-
disorder management. No controlled trials exist specifically for IKSHD; neurological care
follows generic spasticity/leukodystrophy pathways.

Advanced/experimental therapeutics. No approved gene, cell, RNA-based, or targeted
therapy. Conceptually, because IKSHD is a biosynthetic deficiency, substrate/lipid-
supplementation or elongase-augmentation strategies are rational future directions
(untested). Note that this is opposite to X-ALD, where substrate-reduction (e.g., targeting
ELOVL1) is a therapeutic goal (PMID: 42469918) — highlighting ELOVL1's dual relevance across
VLCFA disorders.

Pharmacogenomics. None specific to IKSHD.
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13. Prevention

* Primary prevention. Not applicable to the genetic cause. Genetic counseling is central:
recurrence risk is low for de novo dominant cases but ~25% for future pregnancies in
recessive families. Prenatal/preimplantation genetic testing is feasible once the familial
variant is known.

* Secondary prevention. Early genetic diagnosis (WES/WGS) enables early institution of
skin-barrier care, spasticity management, and developmental/rehabilitation support to
limit complications.

* Tertiary prevention. Prevent complications of spasticity (contracture prophylaxis via
physiotherapy/orthotics), maintain skin-barrier integrity to reduce infection/dehydration,
nutritional and communication support.

* Immunization / public-health / prophylaxis. Standard pediatric care; no disease-specific
vaccine or prophylaxis. Routine infection-prevention measures are prudent given barrier
compromise.

» Counseling. Genetic counseling for families is recommended, distinguishing de novo
dominant (low sibling recurrence, but germline-mosaicism caveat) from recessive (25%
recurrence) inheritance.

14. Other Species / Natural Disease

» Taxonomy / orthologs. Elovl1 is conserved across mammals. Mouse Elovll (NCBI Gene) is
the principal experimental ortholog; the enzyme's elongation function is evolutionarily
conserved.

* Natural disease in other species. No well-characterized naturally occurring ELOVL1
disorder in companion animals or wildlife is documented (OMIA). The disease knowledge
derives from human patients and engineered mouse models rather than spontaneous
animal disease.

» Comparative biology. The mouse recapitulates key mechanisms: Elovl1l knockout causes
lethal epidermal-barrier failure with reduced =C26 ceramides (PMID: 23689133); Elovl1-
deficient mice show reduced myelin-sphingolipid chain length and impaired motor
coordination (PMID: 32123819) — demonstrating strong cross-species conservation of both
the skin and CNS mechanisms.
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* Transmission. Not applicable (non-infectious, non-zoonotic).

15. Model Organisms

* Mouse (Mus musculus) is the primary model.

* Elovl1 knockout: neonatal-lethal from epidermal permeability-barrier defects; diminished
stratum-corneum lipid lamellae and reduced =C26 ceramides — establishing ELOVL1 as
essential for barrier formation and ceramide chain length (PMID: 23689133).

* Elovll-deficient (hypomorphic/partial) mice: reduced myelin-sphingolipid chain length
and poorer motor coordination — modeling the CNS hypomyelination/motor phenotype of
human IKSHD (PMID: 32123819).

* In vitro models. Patient fibroblasts and transfected HEK293 cells with VLCFA GC-MS
profiling and stable-isotope substrate assays quantify ELOVL1 activity and demonstrate the
elongation defect and compensatory ELOVL dysregulation (PMID: 30487246; PMID:
40590574).

* Genetic-model types available. Knockout and hypomorphic mouse lines; humanized
knock-in models carrying p.Ser165Phe would be a valuable (not-yet-reported) resource.

* Phenotype recapitulation. Excellent for both compartments: skin-barrier/ceramide defect
and myelin-sphingolipid/motor-coordination defect are both reproduced.

» Limitations. Complete knockout is neonatally lethal (barrier failure), limiting study of the
CNS phenotype in nulls; dysmorphic facial features and the human dominant-variant-
specific effects are not well captured by simple knockouts.

Key Findings (with statistical evidence)

F001 — IKSHD is caused by a recurrent de novo heterozygous ELOVL1 p.Ser165Phe. WES
in two unrelated pediatric probands without family history identified a shared novel
heterozygous ELOVLI1 variant; the same c¢.494C>T (p.Ser165Phe) de novo variant was
independently confirmed in additional patients. "To identify the cause of a similar phenotype of
ichthyotic keratoderma, spasticity, mild hypomyelination (on MRI) and dysmorphic features
(IKSHD)..." (PMID: 29496980); "Genetic analysis identified the de novo pathogenic variant
p-Ser165Phe in ELOVL1." (PMID: 42101073).
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F002 — ELOVL1 elongates C22-C26 VLCFAs required for skin barrier and myelin. "Elovl1
knockout mice died shortly after birth due to epidermal barrier defects" and "Elovll is a key
determinant of epidermal Cer chain length and is essential for permeability barrier formation"
(PMID: 23689133); "ELOVL fatty acid elongase 1 catalyses elongation of saturated and
monounsaturated C22-C26-VLCFAs" (PMID: 30487246).

F003 — Elovll-deficient mice recapitulate CNS features. "Reduced chain length in myelin
sphingolipids and poorer motor coordination in mice deficient in the fatty acid elongase" —
linking Elovl1 loss to the hypomyelination/motor phenotype (PMID: 32123819).

F004 — Biallelic ELOVL1 variants cause a more severe hypomyelinating leukodystrophy.
In 7 patients: "Common clinical features included ichthyosis (5/7), developmental delay (7/7),
progressive spasticity (7/7), nystagmus (5/6), and a complex movement disorder characterized by
pronounced head tremor (7/7), myoclonus (6/7), and dysarthria (6/6)"; "Brain MRI revealed non-
progressive hypomyelination (6/6) and hypoplasia of the corpus callosum (5/6)"; "Plasma VLCFA
analysis in one patient showed reduced concentrations of C24:0 and C26:0" (PMID: 40590574).

FOOS — IKSHD is a VLCFA-biosynthesis defect, opposite to VLCFA-catabolism
leukodystrophies. "Variants in genes encoding enzymes responsible for catalyzing the first and
rate limiting step in the production of VLCFAs, elongation of VLCFAs (ELOVLs), underlie a novel
group of metabolic disorders” (PMID: 40590574); contrast with "X-linked adrenoleukodystrophy
(ALD)... resulting in the systemic accumulation of very-long-chain fatty acids (VLCFAs)" (PMID:
42320861).

F006 — ELOVL1 performs the rate-limiting condensation step of the ER four-enzyme
elongation cycle. "Elongation occurs in the endoplasmic reticulum (ER) through the actions of a
complex of four ER-embedded enzymes, which includes the ELOVL proteins” and "which catalyze
the first and rate-limiting step of the FA elongation cycle” (PMID: 39946831); "the fatty acid
elongases can be divided into two major groups: (a) enzymes... involved in the elongation of
saturated and monounsaturated VLCFA (ELOVL1, 3 and 6)" (PMID: 16564093).

F007 — No disease-specific therapy; management is symptomatic. "Topical treatments
including emollients, calcipotriol ointment, and liarozole cream seem to have therapeutic benefit
and a good safety profile" (PMID: 23870202); "Emollients and keratolytics are frequently used to
manage symptoms of congenital ichthyosis... Systemic retinoid treatment is complicated by
teratogenicity and dose-limiting adverse effects” (PMID: 36928932).

F008 — Genotype-phenotype architecture is a graded severity spectrum. "Monoallelic
pathogenic variants in ELOVL1 have been described in association to a condition characterized
by ichthyosis, spasticity, nystagmus and cerebral hypomyelination, although a similar but more
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severe presentation has been reported in patients with biallelic variants” (PMID: 42101073);
"biallelic variants in ELOVL1 are associated with a unique and recognizable phenotype of
hypomyelinating leukodystrophy, ichthyosis, and a complex movement disorder including
progressive spastic..." (PMID: 40590574).

Mechanistic Model / Interpretation

IKSHD is best understood as a single upstream biochemical lesion — deficient VLCFA
elongation — producing two downstream tissue-specific lipid deficiencies. Because
ELOVL1 catalyzes the rate-limiting condensation step of ER fatty-acid elongation, its
dysfunction throttles the supply of C22-C26+ VLCFAs. Those VLCFAs are the acyl backbones of
two critical lipid classes: epidermal ceramides (whose ultra-long chains build the stratum-
corneum lipid lamellae) and myelin sphingolipids (whose chain length underpins white-
matter integrity). Depleting the first yields ichthyotic keratoderma; depleting the second
yields hypomyelination, from which upper-motor-neuron dysfunction (spasticity) and a
complex movement disorder emerge. The mouse genetics cleanly separate and confirm both
arms: complete knockout kills neonates through the skin arm, while partial deficiency reveals
the myelin/motor arm.

The allele-dose gradient — mild monoallelic IKSHD versus severe biallelic leukodystrophy —
is the disorder's most instructive genetic feature and implies a quantitative threshold
relationship between residual elongase output and phenotype severity. This threshold logic
also frames the therapeutic hypothesis: because the defect is a deficiency, restoring VLCFA
supply (substrate/lipid supplementation, or enhancing residual/paralogous elongase activity) is
mechanistically rational — the inverse of X-ALD, where the therapeutic aim is to reduce
VLCFAs (even using ELOVL1 as a drug target). Positioning IKSHD opposite X-ALD on a single
VLCFA axis is both diagnostically useful (plasma VLCFAs low vs high) and conceptually
unifying.
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Defines IKSHD; dominant ELOVL1 variant in 2 unrelated
probands

De novo ELOVL1 mutation; enzyme substrate specificity (C22-

C26 VLCFA)

Confirms recurrent de novo p.Ser165Phe; states mono vs
biallelic gradient

Biallelic ELOVL1 - severe leukodystrophy; phenotype
frequencies; reduced plasma C24:0/C26:0

Elovl1-KO mouse: barrier failure, reduced =C26 ceramides

Elovll-deficient mouse: shortened myelin sphingolipids,
motor deficits

ELOVL biology; ER four-enzyme complex; rate-limiting step
ELOVL1/3/6 elongate saturated/monounsaturated VLCFA
X-ALD VLCFA accumulation (contrast)

ELOVL1 as substrate-reduction target in ALD (contrast/
therapeutics)

Systematic review of congenital-ichthyosis treatments

Topical isotretinoin (TMB-001) Phase IIb in congenital
ichthyosis

Commentary on the biallelic ELOVLI series
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Type

Human clinical

Human clinical + in
vitro

Human clinical

Human clinical + in
vitro

Model organism

Model organism

Review
Review

Human clinical

Review

Systematic review

Clinical trial

Correspondence

Note on citation: PMID: 32123819 was flagged as a snippet-abstract mismatch during
investigation; the finding it supports (Elovl1 deficiency — shortened myelin sphingolipids and
motor deficits) is corroborated by the broader mechanistic literature and the biallelic-patient

VLCFA data, but the exact quote should be re-verified against the source.
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Limitations and Knowledge Gaps

1.

Very small evidence base. The disorder rests on a handful of case reports (dominant form)
and a single 7-patient series (biallelic form); frequencies, penetrance, and natural history
are imprecise.

. Prognosis/survival data are absent. No formal life-expectancy or survival statistics exist.

. Molecular mechanism of the dominant p.Ser165Phe (simple loss-of-function vs

dominant-negative on the ER complex) is not definitively resolved.

. Human brain lipidomics directly demonstrating shortened myelin sphingolipids in

patients are lacking; the CNS mechanism is largely inferred from mouse.

. No epigenetic, transcriptomic, or proteomic disease signatures have been reported.

. No therapeutic trials target the underlying VLCFA deficiency; all skin-treatment evidence

is extrapolated from congenital ichthyosis generally.

. One key mouse citation had a snippet mismatch and warrants source re-verification.

. Ontology mapping (MONDO, ICD-11, Orphanet ORPHAcode) is incompletely standardized

for this newly delineated entity.

Proposed Follow-up Experiments / Actions

1

. Establish a patient registry capturing dominant vs biallelic genotypes with longitudinal

MRI, plasma VLCFA, motor, and dermatologic outcomes to define natural history and
prognosis.

. Generate a humanized p.Ser165Phe knock-in mouse to test whether the dominant

variant acts by loss-of-function or dominant-negative mechanism and to model the CNS
phenotype without neonatal lethality.

. Perform patient plasma/CSF and, where available, brain lipidomics to directly confirm

VLCFA-ceramide and myelin-sphingolipid depletion and to identify candidate biomarkers of
severity.

. Test VLCFA/lipid-supplementation and elongase-augmentation strategies in patient

fibroblasts and mouse models as a mechanism-based therapeutic proof-of-concept (the
inverse of X-ALD substrate reduction).
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5. Screen paralogous elongases (ELOVL3/6/7) and ceramide-synthesis genes as modifiers
to explain the mono-to-biallelic severity gradient.

6. Standardize diagnostics: promote plasma VLCFA profiling (deficiency pattern) plus
ELOVL1 sequencing as a combined diagnostic panel, and formalize MONDO/ICD-11/
Orphanet coding.

7. Re-verify the mouse myelin-sphingolipid citation (PMID: 32123819) against the primary
source.

Report compiled from a 5-iteration autonomous investigation: 8 confirmed findings, 24 papers
reviewed. Evidence types span human clinical case reports/series, model-organism (mouse), and
in vitro/biochemical studies.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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