Squalene Synthase Deficiency —
Comprehensive Disease Characterization
Report

Disease: Squalene Synthase Deficiency (SQSD) MONDO ID: MONDO:0032566 - OMIM: 618156 -
Gene: FDFT1 (farnesyl-diphosphate farnesyltransferase 1 / squalene synthase) Category:
Mendelian, autosomal recessive inborn error of cholesterol biosynthesis

Summary

Squalene synthase deficiency (SQSD) is an ultra-rare autosomal recessive inborn error of the
cholesterol (sterol) biosynthetic pathway caused by biallelic hypomorphic variants in FDFT1,
the gene encoding squalene synthase (SS/SQS). Squalene synthase catalyzes the first
committed step of cholesterol biosynthesis — the metal-dependent, head-to-head reductive
condensation of two molecules of farnesyl pyrophosphate (FPP) into squalene, proceeding
through a presqualene diphosphate (PSPP) intermediate. Because this step is the branch-point
committing isoprenoid carbon to sterols, its disruption simultaneously (a) lowers downstream
cholesterol synthesis and (b) diverts accumulating FPP into farnesol and its oxidation products.
The disease was first defined clinically, biochemically, and molecularly by Coman and
colleagues in 2018, who reported three affected individuals from two unrelated European
families whose multisystem phenotype closely resembles Smith-Lemli-Opitz syndrome
(SLOS), the most common cholesterol biogenesis defect.

The clinical picture is congenital and severe: profound developmental delay, structural brain
malformations, neonatal-onset generalized seizures, cortical visual impairment and optic
nerve hypoplasia, facial dysmorphism, 2-3 toe cutaneous syndactyly, male genital
malformations (cryptorchidism, hypospadias), and dry, markedly photosensitive skin. The
biochemical hallmark is a unique urinary organic-acid signature of saturated and
unsaturated branched-chain dicarboxylic acids and glucuronides derived from farnesol,
accompanied by low total and LDL cholesterol. This profile localizes the metabolic block
precisely to the squalene synthase step and is mirrored in individuals treated with
pharmacologic squalene synthase inhibitors or dosed with farnesol.
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Mechanistically, the best-supported causal model runs from biallelic hypomorphic FDFT1
variants — reduced squalene synthase protein/activity — impaired embryonic cholesterol
synthesis — defective cholesterol-dependent Sonic hedgehog (SHH) signaling — the SLOS-like
pattern of CNS, limb, genital, and craniofacial malformations. The SHH limb of this chain is
inferred by analogy to SLOS and to experimental cholesterol-deficiency models rather than
directly demonstrated in FDFT1-deficient humans. Complete loss of squalene synthase is
embryonic-lethal in mice (neural tube closure defects, death at ~E9.5-E12.5) and is not rescued
by dietary squalene or cholesterol, which explains why viable human disease requires partial-
function (hypomorphic) alleles that preserve residual activity. There is no disease-modifying
therapy; management is entirely supportive, and HMG-CoA reductase inhibitors (statins) are
mechanistically contraindicated.

Key Findings

Finding 1 — SQSD is an autosomal recessive cholesterol biosynthesis
disorder caused by biallelic FDFT1 variants and resembling SLOS

The disease-defining report (Coman et al., 2018, American Journal of Human Genetics) used
whole-exome sequencing to identify recessive disease-causing variants in FDFT1 in three
individuals with "profound developmental delay, brain abnormalities, 2-3 syndactyly of the toes,
and facial dysmorphisms, resembling Smith-Lemli-Opitz syndrome, the most common cholesterol
biogenesis defect" [PMID: 29909962]. FDFT1 encodes "an evolutionarily conserved enzyme,
squalene synthase (SS, farnesyl-pyrophosphate farnesyl-transferase 1), which catalyzes the first
committed step in cholesterol biosynthesis." The plasma and urine metabolite profile localized
the enzymatic block to the squalene synthase step, firmly establishing both the causal gene and
the pathway-level lesion.

» Evidence type: Human clinical + molecular genetics (n=3, 2 families).

* Ontology: HGNC:3629 (FDFT1); MONDO:0032566; enzyme EC 2.5.1.21.
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Finding 2 — Squalene synthase catalyzes the first committed, metal-
dependent head-to-head condensation of two FPP molecules via a
presqualene diphosphate intermediate

Human squalene synthase crystal structures (Liu et al., 2014) establish that "Squalene synthase
(SQS) is a divalent metal-ion-dependent enzyme that catalyzes the two-step reductive 'head-to-
head’ condensation of two molecules of farnesyl pyrophosphate to form squalene using
presqualene diphosphate (PSPP) as an intermediate" [PMID: 24531458]. The enzyme uses
NADPH and follows an ordered sequential mechanism. Two conserved aspartate-rich DXXXD
motifs coordinate FPP through Mg?*, and conserved aromatic residues (e.g., Phe288/Phe286 in
rat squalene synthase) are essential for the second (PSPP-squalene) half-reaction [PMID:
9575210]. Mechanistic studies of the homologous dehydrosqualene synthase CrtM show the
primary carbocation forms PSPP, whose diphosphate then returns to the Mg?* cluster for the
second ionization [PMID: 21098670]. Squalene synthase is a C-terminally tail-anchored ER
membrane enzyme whose insertion depends on the ER membrane protein complex (EMC):
"Insertion of the weakly hydrophobic tail-anchor (TA) of SQS into the ER membrane by the EMC
ensures sufficient flux through the sterol biosynthetic pathway" [PMID: 30578317].

» Evidence type: Structural biology, enzymology (human, rat, bacterial, in vitro).

* Ontology: GO:0004310 (farnesyl-diphosphate farnesyltransferase activity); GO:0006695
(cholesterol biosynthetic process); GO:0005789 (endoplasmic reticulum membrane); CHEBI:
farnesyl diphosphate, presqualene diphosphate, squalene.

Finding 3 — Complete squalene synthase loss is embryonic lethal with
neural tube defects in mice; the enzyme is not rate-limiting

Tozawa et al. (1999) disrupted the mouse Fdft1 (SS) gene. "The mice homozygous for the
disrupted SS gene (SS-/-) were embryonic lethal around midgestation. E9.5-10.5 SS-/- embryos
exhibited severe growth retardation and defective neural tube closure" and "The lethal phenotype
was not rescued by supplementing the dams either with dietary squalene or cholesterol" [PMID:
10521476]. Heterozygotes were phenotypically normal despite ~50% reduced hepatic/testis SS
activity and 60% lower hepatic SS mRNA, with unchanged hepatic cholesterol synthesis —
"indicating that SS is not a rate-limiting enzyme in the cholesterol biosynthetic pathway." This is
corroborated by Horvat et al. (2011): "the absence of Fdftl is lethal at E9.5-12.5 dpc" [PMID:
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21247357]. These data explain two central features of the human disease: heterozygous
carriers are asymptomatic, and viable disease requires partial-function alleles that retain
residual enzymatic flux.

» Evidence type: Mouse knockout, review.

Finding 4 — Diagnostic biochemical hallmark: farnesol-derived branched-
chain dicarboxylic aciduria with low total/LDL cholesterol

Coman et al. report a unique urine profile: increased saturated and unsaturated branched-
chain dicarboxylic acids and glucuronides derived from farnesol, elevated plasma total
farnesol, and low total and LDL cholesterol (squalene reduced or normal). "The metabolite
profile in plasma and urine suggested that their defect was at the level of squalene synthase"
[PMID: 29909962]. Mechanistically, the enzymatic block causes accumulation of the substrate
FPP, which is dephosphorylated to farnesol then glucuronidated/hydroxylated/w-oxidized to
shorter branched-chain dicarboxylic acids detectable by urine organic-acid GC-MS and NMR
spectroscopy. The identical profile occurs in people given pharmacologic squalene synthase
inhibitors or dosed with farnesol, confirming the metabolic localization.

» Evidence type: Human clinical biochemistry + pharmacologic corroboration.

* Ontology: HP:0003231 (organic aciduria family); CHEBI: farnesol, dicarboxylic acid;
HP:0003146 (hypocholesterolemia).

Finding 5 — FDFT1 pathogenic variants are hypomorphic non-coding/
regulatory and splicing variants, not simple coding loss-of-function

Consistent with the essentiality of residual activity, the reported variants are not simple coding
null alleles. Two affected siblings were compound heterozygous for a ~120-kb deletion
encompassing FDFT1 plus an intronic splice variant (c.880-24_880-23delinsAG) causing
retention of 22 bases of intron 8 and a premature termination codon in exon 9 (predicted
nonsense-mediated decay); minigene assays and fibroblast cDNA showed both normal and
mis-spliced transcript (a leaky/partial splicing defect). A third, unrelated, non-consanguineous
child was homozygous for a rare 16-bp deep-intronic deletion predicted to disrupt promoter/
enhancer chromatin state, validated by luciferase reporter assay. "Functional characterization
of one variant demonstrated a partial splicing defect and altered promoter and/or enhancer
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activity, reflecting essential mechanisms for regulating cholesterol biosynthesis/uptake in steady
state" [PMID: 29909962]. Western blot showed markedly reduced SQS protein in patient cells,

worsened in lipid-depleted media.
» Evidence type: Human molecular genetics + functional validation (minigene, luciferase,
Western blot).

» Implication: Standard coding-exon sequencing may MISS these variants; WGS, CMA (for
the CNV), and RNA/functional studies can be required.

Finding 6 — Clinical spectrum

Integrating the primary report and the GeneReviews chapter (Coman, Pitt et al;
),

[B 32027475 ]
features across the ~3 characterized individuals include:
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Phenotype

Profound developmental delay /

intellectual disability

Structural brain malformations

(nonspecific)

Generalized seizures

Cortical visual impairment
Optic nerve hypoplasia
Facial dysmorphism

2-3 toe cutaneous syndactyly
Cryptorchidism (male)

Hypospadias (male)

Dry skin with photosensitivity

Congenital heart defects
Constipation
Spasticity

Low total & LDL cholesterol

Suggested HPO

term

HP:0012736 /
HP:0002187

HP:0012443

HP:0002197
HP:0100704
HP:0000609
HP:0001999
HP:0001770
HP:0000028
HP:0000047

HP:0000958 /
HP:0000992

HP:0001627
HP:0002019
HP:0001257

HP:0003146
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Notes on onset/severity

Congenital; severe

Congenital

Neonatal onset

Congenital

Congenital

Congenital

Congenital; shared with SLOS
Males

Males

Severe; clinically significant sunburn
within ~10 min of sun

Reported/managed
Managed
Managed

Biochemical hallmark

"We report three individuals with profound developmental delay, brain abnormalities, 2-3
syndactyly of the toes, and facial dysmorphisms, resembling Smith-Lemli-Opitz syndrome" [PMID:
29909962]. FDFT1 is ubiquitously expressed, consistent with the multisystem pattern.

Finding 7 — Diagnosis and differential diagnosis

Per

(

GeneReviews

[B 32027475

)

diagnosis is established in a proband by (a) the characteristic urine organic-acid metabolites
(GC-MS + NMR showing complex farnesol-derived branched-chain dicarboxylic acids/
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glucuronides), OR (b) identification of biallelic pathogenic FDFT1 variants. Because the causal
variants include deep-intronic/regulatory changes and a large CNV, coding-only testing may be
insufficient; WGS/CMA and RNA studies may be needed. SQSD sits within the ~10 characterized
Mendelian cholesterol biosynthesis disorders; four overlap clinically — lanosterol synthase
deficiency, lathosterolosis, Smith-Lemli-Opitz syndrome (DHCR7), and desmosterolosis
(DHCR24). SQSD is differentiated by its unique farnesol-derived dicarboxylic acid urine
profile; by contrast, SLOS shows elevated 7-dehydrocholesterol [PMID: 20104611]. "The
metabolite profile in plasma and urine suggested that their defect was at the level of squalene
synthase" [PMID: 29909962].

Finding 8 — Management is entirely supportive; statins contraindicated

GeneReviews states "there are no specific disease-modifying treatments." Management is
symptom-directed: anti-seizure medication for the neonatal generalized seizure disorder;
standard treatment of congenital heart defects, constipation, cryptorchidism, hypospadias, and
spasticity; feeding therapy / gastrostomy for dysphagia and poor growth; early-intervention
developmental therapies (OT, PT, speech); visual stimulation for cortical visual impairment;
behavioral support (ABA). Rigorous sun protection is essential because photosensitivity has
produced clinically significant UV sunburns within ~10 minutes of direct sunlight. No
approved pharmacotherapy, gene therapy, or enzyme/substrate replacement exists, and no
SQSD clinical trials are registered. Statins (HMG-CoA reductase inhibitors) are
mechanistically contraindicated because they act upstream and would further reduce
already-impaired sterol flux.

Finding 9 — Pathophysiology causal chain

See the Mechanistic Model section below. In brief: biallelic hypomorphic FDFT1 variants —
reduced SS activity — impaired embryonic cholesterol synthesis (plus FPP—farnesol diversion)
— defective cholesterol-dependent Sonic hedgehog signaling — SLOS-like CNS/limb/genital/
craniofacial malformations. The SHH limb is supported by: "The protein SHH is expressed in the
notochord of the CNS in the early embryo and is activated by being cleaved autocatalytically, with
simultaneous covalent attachment of cholesterol to the N-terminal fragment" [PMID: 15539288];
"Limb, genital, CNS, and facial malformations result from gene/environment-induced cholesterol
deficiency: further evidence for a link to sonic hedgehog" [PMID: 9375918]; and "They provide
further evidence that cholesterol-deficiency-induced HPE originates from impaired Shh signaling
activity in the ventral neural tube" [PMID: 10564872].
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Finding 10 — Model organisms and comparative biology

System Organism / identifier Key observation PMID

Complete KO embryonic-lethal E9.5—
Mus musculus

Knockout 10.5, neural tube defects, not rescued 10521476;
(NCBITaxon:10090); Fdftl, .

mouse by dietary squalene/cholesterol; 21247357
Gene 14137

heterozygotes normal

Rattus norvegicus Synergy of hypomorphic Lss + Fdft1

Natural rat g ynergy yP P f 16440058;
(NCBITaxon:10116); alleles lowers lens cholesterol to

model . . 33204712
Shumiya cataract rat ~57% of normal — hereditary cataract

. Patient fibroblasts, .
Cellular/in Reduced SQS protein; EMC-dependent ~ 29909962;
. lymphoblasts; human cell . :

vitro ¥ SQS bhiogenesis 30578317

ines

FDFT1 upregulated, predicts poor
Oncology Human colon i
. . prognosis, promotes tumor 34939274
(gain) adenocarcinoma . .
progression (synergy with SQLE)

"Hypomorphic mutations were identified in genes for lanosterol synthase (Lss) on chromosome
20 and farnesyl diphosphate farnesyl transferase 1 (Fdft1) on chromosome 15, both of which
function in the cholesterol biosynthesis pathway" and "Cataract onset was associated with the
specific combination of Lss and Fdftl mutant alleles that decreased cholesterol levels in
cataractous lenses to about 57% of normal" [PMID: 16440058]. "Squalene synthase (FDFT1) is an
upstream enzyme of squalene epoxidase (SQLE) in cholesterol biosynthesis" [PMID: 34939274].
No viable mouse model of the human hypomorphic disease is yet reported — a key
limitation.

Finding 11 — Epidemiology and inheritance

SQSD is inherited in an autosomal recessive manner (OMIM 618156; GeneReviews

[ﬂ 32027475 ])'
Only ~3 affected individuals from 2 unrelated families of European descent have been
reported (Coman 2018,

);
[ﬂ 29909962 ]

no formal prevalence/incidence has been established (ultra-rare). Onset is congenital/prenatal
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with neonatal presentation. Recurrence risk for carrier parents is the standard 25% affected /

50% carrier / 25% unaffected per pregnancy. Reported families were non-consanguineous; one

proband was homozygous for a rare regulatory variant, two were compound heterozygous

(120-kb deletion + intronic splice variant). Both sexes are affected (genital malformations noted

in males; sex ratio not estimable at n~3). Pathogenic alleles are rare in gnomAD; complete-LoF

FDFT1 alleles are depleted (constraint), consistent with embryonic lethality of the biallelic null.

Penetrance of biallelic hypomorphic genotypes appears complete; expressivity is relatively

consistent and severe. "Whole-exome sequencing was used to identify recessive disease-causing
variants in FDFT1" [PMID: 29909962].

Mechanistic Model / Interpretation

Ordered causal chain (initiating lesion = clinical manifestation)

(1)

(2)

(3)

(4)

(5)

(6)

Biallelic HYPOMORPHIC FDFT1 variants (deep-intronic splice; promoter/

enhancer regulatory deletion; 120-kb CNV) [PMID 29909962]
| leads to
v

Reduced squalene synthase protein & enzymatic activity

(partial, not complete — complete loss is embryonic-lethal) [PMID 10521476]
| results in failure to condense 2x FPP - squalene

v
BRANCH A: reduced de novo cholesterol synthesis BRANCH B: FPP accumulates
- low total & LDL cholesterol - dephosphorylated to farnesol
| - w-oxidation/glucuronidation
| - branched-chain dicarboxylic
| ACIDURIA (diagnostic marker)
v [PMID 29909962]
Embryonic cholesterol deficiency impairs covalent cholesterol
modification & signaling of Sonic hedgehog (SHH) [PMID 15539288]
| (INFERRED for SQSD by analogy to SLOS / cholesterol-deficiency models)
v
Impaired ventral neural-tube SHH signaling; loss of ventral
midline cell populations/patterning [PMID 10564872, 9375918]
| leads to
v

SLOS-1ike MALFORMATIONS: structural brain malformation,

profound developmental delay, cortical visual impairment /

optic nerve hypoplasia, 2-3 toe syndactyly, male genital

anomalies, facial dysmorphism, photosensitive dry skin [PMID 29909962, 32027475]
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Upstream vs downstream. The initiating molecular lesion (steps 1-2) and the immediate
metabolic consequences (step 3) are directly demonstrated in patients. The SHH-mediated
developmental steps (4-5) are downstream and inferred — robust for cholesterol deficiency
in general (SLOS, teratogen models) but not yet shown directly in FDFT1-deficient human
embryos.

Pathways / processes / compartments (ontology suggestions). - Molecular pathway:
cholesterol/sterol biosynthesis (KEGG hsa00100; Reactome "Cholesterol biosynthesis"); Sonic
hedgehog signaling (Reactome "Hedgehog ligand biogenesis”). - GO biological process:
GO0:0016126 (sterol biosynthetic process), GO:0006695 (cholesterol biosynthetic process);
G0:0007224 (smoothened signaling pathway) for the downstream developmental step. - GO
cellular component: GO:0005789 (ER membrane) — site of squalene synthase. - Cell types (CL):
ventral-midline neuroepithelial/neural cells (CL:0000031 neuroblast; CL:0002319 neural cell);
hepatocytes (CL:0000182) and fibroblasts (CL:0000057) as sterol-synthesizing cells. - Anatomy
(UBERON): brain (UBERON:0000955), neural tube (UBERON:0001049), optic nerve
(UBERON:0000941), skin (UBERON:0002097), external genitalia (UBERON:0000990), toes/
autopod (UBERON:0002387). - Chemicals (CHEBI): farnesyl diphosphate, presqualene
diphosphate, squalene, farnesol, cholesterol, NADPH; cofactor Mg?*/Mn?".

Why the disease is hypomorphic, not null

The mouse knockout and the human genetics converge on one principle: some squalene
synthase activity is required for embryonic survival because squalene/cholesterol cannot
be supplied to the embryo from the diet (complete step-2/3 failure is lethal). The natural
Shumiya cataract rat independently demonstrates that partial Fdft1 loss plus a second hit
lowers tissue cholesterol enough to cause organ-specific disease (lens cholesterol ~57% of
normal - cataract), providing comparative support for a dose-dependent cholesterol-
deficiency mechanism.

10
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Evidence Base
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Title (abbrev.)

Evidence type

OpenScientist Report

Role in this report

29909962

32027475

24531458

30578317

9575210

21098670

10521476

21247357

16440058

33204712

34939274

15539288

Squalene Synthase Deficiency:
Clinical, Biochemical, and
Molecular Characterization

Squalene Synthase Deficiency
(GeneReviews)

Structural insights into catalytic
mechanism of human squalene
synthase

ER membrane protein complex
promotes biogenesis of sterol
enzymes

Function-structure studies of rat
hepatic squalene synthase

Mechanism of action and
inhibition of dehydrosqualene
synthase

Embryonic lethality and defective
neural tube closure in mice lacking
squalene synthase

Defects in cholesterol synthesis
genes in mouse and humans

Lanosterol synthase mutations
cause cataracts in Shumiya
cataract rat

Differential gene expression in
Shumiya cataract rat lens

Squalene synthase predicts poor
prognosis in colon
adenocarcinoma

Human
clinical/
molecular

Clinical review

Structural
biology

Cell biology

Enzymology

Structural/
enzymology

Mouse KO

Review

Rat natural
model

Rat model

Human

oncology

Review

12

Disease-defining paper: gene,
inheritance, phenotype,
biomarker, variant types

Diagnosis, differential,
management, inheritance

Enzyme mechanism, Mg>*
dependence, PSPP
intermediate

SQS is EMC-dependent tail-
anchored ER enzyme

Conserved Asp/aromatic
residues; two half-reactions

Head-to-head mechanism,
PSPP chemistry

Complete loss embryonic-
lethal; SS not rate-limiting

Fdft1 loss lethal E9.5-12.5;
statin teratogenicity context

Hypomorphic Fdft1+Lss
lowers cholesterol — cataract

Confirms cholesterol-
deficiency cataract
mechanism

Contrasting gain-of-
expression role of FDFT1
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Title (abbrev.) Evidence type Role in this report
The function of cholesterol in Cholesterol required for SHH
embryogenesis activation

Absence of ventral cell populations Cholesterol deficiency —

10564872 . Rat model ] .

in rat SLOS model impaired ventral SHH — HPE

Limb, genital, CNS, facial )

. Model/ Same malformation pattern
9375918 malformations from cholesterol .
] teratogen via cholesterol/SHH
deficiency
. SLOS differential (elevated 7-

20104611  Cyclopia in SLOS Human case

DHC); SHH-HPE severity

Convergence. The human report (29909962), the GeneReviews synthesis (32027475), the
enzymology/structural papers (24531458, 9575210, 21098670, 30578317), the mouse/rat models
(10521476, 21247357, 16440058, 33204712), and the cholesterol-SHH developmental literature
(15539288, 10564872, 9375918, 20104611) form a self-consistent model. No retrieved paper
contradicts the core claims; the principal uncertainty is that the SHH limb has not been
directly tested in FDFT1-deficient human tissue.

Section-by-Section Summary (template coverage)

* 1. Disease information: AR inborn error of cholesterol biosynthesis; OMIM 618156,
MONDO:0032566, gene FDFT1. Synonyms: SQSD, squalene synthase deficiency, farnesyl-
diphosphate farnesyltransferase 1 deficiency, SS deficiency. Information is disease-level/
aggregated from ~3 individual patients.

« 2. Etiology: Genetic — biallelic hypomorphic FDFT1 variants. No environmental cause; no
established protective factors. Gene-environment note: lipid-depleted conditions further
reduce SQS protein in patient cells (29909962). Statin exposure in pregnancy is a relevant
teratogenic analogue (21247357).

* 3. Phenotypes: see Finding 6 table with HPO terms, onset (congenital/neonatal), severity
(severe), progression (static congenital malformations), frequency (qualitative given n~3).
Severe QoL impact: profound disability.

* 4. Genetic/molecular: FDFT1 (HGNC:3629, chr 15); variant classes = deep-intronic splice
(NMD), regulatory promoter/enhancer deletion, 120-kb CNV; all germline, hypomorphic

13
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(partial LoF); rare in gnomAD; complete LoF depleted. No established human modifier
genes (second-hit modifier shown in rat). No disease-specific epigenetic data.

* 5. Environmental: None established; infectious agents N/A.
* 6. Mechanism: see Mechanistic Model (causal chain; GO/CL/UBERON/CHEBI terms).

7. Anatomy: brain/neural tube (UBERON:0000955/0001049), eye/optic nerve, skin, external
genitalia, toes; ER subcellular compartment (GO:0005789); malformations largely bilateral.

« 8. Temporal: congenital onset; static structural malformations; chronic lifelong; neonatal
seizures; critical window = embryogenesis (sterol/SHH-dependent patterning).

* 9. Inheritance/population: AR; ultra-rare (~3 individuals, 2 families, European); complete
penetrance of biallelic hypomorphic genotype; standard 25% recurrence risk.

* 10. Diagnostics: urine organic-acid GC-MS + NMR (farnesol-derived dicarboxylic acids/
glucuronides); plasma farnesol T; total/LDL cholesterol |; molecular testing via multigene
cholesterol-biosynthesis panel / WES / WGS / CMA / RNA studies. Differential: SLOS (7-
DHC 1), lathosterolosis, desmosterolosis, lanosterol synthase deficiency.

* 11. Prognosis: severe, lifelong profound disability; no formal survival data; no disease-
modifying therapy.

* 12. Treatment: supportive only (anti-seizure meds, cardiac/urologic/orthopedic
management, feeding/gastrostomy, developmental therapies, sun protection); statins
contraindicated. NCIT: supportive care; anticonvulsant therapy.

* 13. Prevention: genetic counseling, carrier/cascade testing, prenatal/preimplantation
testing for known familial variants; rigorous sun protection as tertiary prevention of UV
injury.

* 14. Other species: mouse Fdft1 (Gene 14137, NCBITaxon:10090) — embryonic-lethal KO; rat
Fdft1 (NCBITaxon:10116) — Shumiya cataract natural model. No companion-animal natural
disease reported; not zoonotic.

* 15. Model organisms: embryonic-lethal mouse KO (no viable hypomorphic model yet);
Shumiya cataract rat (partial-loss natural model); patient fibroblasts/lymphoblasts; EMC-
biogenesis cell systems. Key limitation: no model recapitulating the full human
hypomorphic multisystem phenotype.

14



OpenScientist Report

Limitations and Knowledge Gaps

1.

Extremely small sample (n=3, 2 families). All clinical/biochemical/molecular claims rest
largely on a single defining report (29909962) plus its GeneReviews synthesis. Frequencies,
penetrance, expressivity, and sex ratio are not statistically estimable.

. No prevalence/incidence data. The disease is ultra-rare with no registry.

. SHH mechanism is inferred, not demonstrated in SQSD. Steps 4-5 of the causal chain are

supported only by analogy to SLOS and cholesterol-deficiency models; direct SHH assays in
FDFT1-deficient human embryonic tissue are lacking.

. No viable animal model of the hypomorphic human disease. Complete-null mice die in

utero; a hypomorphic/conditional mouse recapitulating the human phenotype has not been
reported.

. No omics (transcriptomics/proteomics/broad metabolomics), no QoL instruments, no

natural-history/survival data.

. No therapeutics. No approved or trial-stage disease-modifying treatment; no registered

clinical trials.

Proposed Follow-up Experiments / Actions

1.

Case finding & registry. Deploy the characteristic urine organic-acid signature (farnesol-
derived branched-chain dicarboxylic acids) as a biochemical screen across undiagnosed
SLOS-like cohorts and metabolic biobanks to identify additional patients and enable
natural-history study.

. Deep-intronic/regulatory variant discovery. Reanalyze coding-negative SLOS-like cases

with WGS + RNA-seq + CMA, since pathogenic FDFT1 alleles are frequently non-coding
(deep-intronic splice, promoter/enhancer, CNV).

. Direct test of the SHH limb. Generate patient-derived iPSCs and neural-tube/organoid or

hypomorphic/conditional mouse models; quantify SHH processing (cholesterol-adducted N-
terminal fragment), ventral patterning markers (Shh, Otx2), and sterol content to convert
the inferred mechanism (steps 4-5) into direct evidence.

. Hypomorphic mouse model. Engineer knock-in of a human-equivalent leaky splice or

regulatory allele (or conditional partial knockdown) to obtain a viable model recapitulating
the multisystem phenotype for mechanism and preclinical therapeutics.

15



OpenScientist Report

5. Sterol-supplementation proof-of-concept. Evaluate whether postnatal dietary/
pharmacologic cholesterol supplementation (as trialed in SLOS) offers any benefit; define
biomarkers (plasma farnesol, cholesterol, urinary dicarboxylic acids) as pharmacodynamic
endpoints.

6. Variant functional pipeline. Standardize minigene splice assays and promoter/enhancer
luciferase reporters for FDFT1 VUS classification per ACMG/AMP.

Report compiled from 12 confirmed findings and 25 reviewed papers over 5 investigation
iterations. Evidence sources are labeled by type (human clinical, model organism, in vitro,

computational/structural). Direct abstract quotations are reproduced verbatim and attributed by
PMID.
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