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Summary

Trichothiodystrophy (TTD) is a rare, clinically heterogeneous autosomal recessive (with one
X-linked form) multisystem disorder unified by the hallmark finding of sulfur-deficient brittle
hair displaying "tiger tail" banding under polarized light microscopy. The disease is caused by
biallelic mutations in at least nine genes — ERCC2/XPD, ERCC3/XPB, GTF2H5/TTDA, GTF2E2,
MPLKIP/TTDN1, RNF113A, TARS1, AARS1, and MARS1 — all encoding proteins involved in gene
expression processes including transcription, mRNA splicing, and translation. The unifying
molecular mechanism across all forms is mutation-induced protein instability that reduces
steady-state levels of the affected gene expression factors, creating bottlenecks that
predominantly impact terminally differentiating tissues such as hair, skin, and the central
nervous system.

Approximately half of TTD patients exhibit photosensitivity (photosensitive TTD, or TTD-P)
caused by mutations in TFIIH subunits (ERCC2, ERCC3, GTFZH5) that impair nucleotide
excision repair (NER). Despite this DNA repair deficiency, TTD patients paradoxically lack
cancer predisposition — a striking contrast to xeroderma pigmentosum (XP), which can be
caused by mutations in the same genes. This cancer-free paradox is explained by the fact that
TTD-specific mutations affect TFIIH stability and transcriptional function rather than
disrupting CAK-mediated cell cycle control, which is the mechanism underlying cancer
susceptibility in XP. The clinical spectrum ranges from mild disease with isolated hair
abnormalities to severe multisystem involvement including ichthyosis, intellectual disability,
CNS hypomyelination, short stature, cataracts, recurrent infections, hypogonadism, and
osteosclerosis, with many patients dying in childhood predominantly from infectious
complications.
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TTD profoundly impacts pregnancy outcomes (81% complication rate including 30%
preeclampsia and 56% preterm delivery) and neonatal health (85% neonatal complications).
Growth failure is progressive and serves as a mortality prognostic biomarker: deceased
patients had significantly lower standardized height and weight measurements. Recent
research has expanded the mechanistic understanding to include impaired B-cell function
explaining recurrent infections, erythroid differentiation defects explaining anemia, and
vitamin D receptor dysfunction potentially contributing to skeletal abnormalities. The
thermosensitivity of TTD mutations — where febrile episodes cause reversible clinical
worsening through further TFIIH destabilization — represents a potential therapeutic target,
as chemical chaperones like glycerol can rescue protein stability in vitro.

1. Disease Information

Overview

Trichothiodystrophy (TTD) is a rare, heterogeneous group of autosomal recessive genetic
disorders characterized by sulfur-deficient brittle hair and multisystem involvement,
particularly of neuroectodermal-derived tissues. The term "trichothiodystrophy" was
introduced by Price et al. in 1980 to designate patients with sulfur-deficient brittle hair,
recognized as a marker for a complex neuroectodermal symptom complex (PMID: 20687499).
The defining diagnostic feature is the "tiger tail" pattern of alternating light and dark bands
seen on polarized light microscopy of hair shafts, reflecting reduced content of cysteine-rich
matrix proteins.


https://pubmed.ncbi.nlm.nih.gov/20687499/
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Key Identifiers

Database Identifier

MONDO MONDO:0018053

234050 (TTD1/ERCC2), 616390 (TTD2/ERCC3), 616395 (TTD3/GTF2HS5), 234050 (TTD4/

OMIM
GTF2E2), 300953 (TTD5/RNF113A), 616943 (TTD6/MPLKIP)

Orphanet = ORPHA:33364
ICD-10 Q84.1 (Other congenital morphological disturbances of hair)

MeSH D054463

Synonyms and Alternative Names

» Tay syndrome

« IBIDS syndrome (Ichthyosis, Brittle hair, Impaired intelligence, Decreased fertility, Short
stature)

* PIBIDS syndrome (Photosensitivity + IBIDS)

* BIDS syndrome

» Sulfur-deficient brittle hair syndrome

» Amish brittle hair syndrome (historical, for TTDN1-associated form)
» TTD-P (photosensitive trichothiodystrophy)

* TTD-NP / NPS-TTD (non-photosensitive trichothiodystrophy)

Information Sources

This report integrates data from aggregated disease-level resources (OMIM, Orphanet, HPO/
Monarch Initiative — 313 disease-to-phenotype associations with 198 unique HPO terms),
primary literature (56 papers reviewed), and individual patient cohort studies (NIH cohort of
36 TTD patients followed 2001-2013).
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2. Etiology

Disease Causal Factors

TTD is a purely genetic disorder caused by biallelic loss-of-function mutations in genes
encoding proteins involved in gene expression. There are no environmental, infectious, or
acquired forms.

The primary cause is protein instability induced by specific mutations. As demonstrated by
Theil et al. (2019): "TTD mutations affect the stability of the corresponding proteins and
emphasize this phenomenon as a common feature of TTD" (PMID: 33909043). This was
confirmed by Vaishnav et al. (2023): "TTD-associated mutations typically cause unstable mutant
proteins involved in various steps of gene expression, severely reducing steady-state mutant
protein levels" (PMID: 37800682).

Genetic Risk Factors (Causal Genes)

Protein Function Photosensitivity

XPD TFIIH subunit; NER and

ERCC2/XPD ) .. TTD1 Yes
helicase transcription
XPB TFIIH subunit; NER and
ERCC3/XPB ) .. TTD2 Yes
helicase transcription
GTF2HS5/ -
p8/TTDA TFIIH stabilizer TTD3 Yes
TTDA
TFIIE subunit; transcription
GTF2EZ2 TFIIEbeta . TTD4 No
initiation
RNF113A RNF113A Spliceosome component TTD5 No (X-linked)
MPLKIP/ . . ..
MPLKIP Lariat debranching/splicing TTD6 No
TTDN1
TARS1 ThrRS Threonyl-tRNA synthetase NPS-TTD No
AARS1 AlaRS Alanyl-tRNA synthetase NPS-TTD No
MARS1 MetRS Methionyl-tRNA synthetase NPS-TTD No


https://pubmed.ncbi.nlm.nih.gov/33909043/
https://pubmed.ncbi.nlm.nih.gov/37800682/
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All mutations are germline in origin. The inheritance is autosomal recessive for all forms
except TTD5 (RNF113A), which is X-linked dominant (HP:0001423).

Environmental Risk Factors

» UV radiation: Exacerbates photosensitivity in TTD-P patients but does not cause the disease

» Fever/elevated temperature: Critically important — febrile episodes cause reversible
clinical worsening due to further destabilization of thermolabile mutant proteins (PMID:
36259739)

» Consanguinity: Increases risk in autosomal recessive forms; the original Tay syndrome
cases were siblings of consanguineous parents

Protective Factors

» Chemical chaperones: Glycerol rescues TFIIH thermo-instability in patient cells in vitro,
representing a potential therapeutic target: "Improving the protein folding process by
exposing patient cells to low temperature or to the chemical chaperone glycerol allowed
rescue of TFIIH thermo-instability and a concomitant recovery of the complex activities"
(PMID: 36259739)

* Low temperature: Stabilizes mutant protein complexes

Gene-Environment Interactions

The most clinically significant gene-environment interaction in TTD is the thermosensitivity
of mutant proteins. TTD-causing XPD mutations produce thermo-labile proteins; when patients
develop fever (from infections or other causes), the already reduced levels of TFIIH are further
destabilized, leading to reversible worsening of DNA repair capacity, transcriptional output,
and clinical signs including episodic hair loss (PMID: 36259739; PMID: 7802014).

UV exposure in photosensitive TTD patients causes skin damage but, paradoxically, does not
lead to skin cancer — unlike XP patients with mutations in the same genes (PMID: 17276014).


https://pubmed.ncbi.nlm.nih.gov/36259739/
https://pubmed.ncbi.nlm.nih.gov/36259739/
https://pubmed.ncbi.nlm.nih.gov/36259739/
https://pubmed.ncbi.nlm.nih.gov/36259739/
https://pubmed.ncbi.nlm.nih.gov/7802014/
https://pubmed.ncbi.nlm.nih.gov/17276014/
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3. Phenotypes

Comprehensive Phenotype Catalog

The Monarch Initiative database (MONDO:0018053) contains 313 disease-to-phenotype
associations mapping to 198 unique HPO terms spanning 15+ organ systems. Key phenotypes
organized by system:

Hair and Nails

Phenotype HPO Term Frequency Onset Severity
Tiger tail banding (polarized i Diagnostic
. HP:0045055  ~100% Congenital
light) hallmark
Brittle hair HP:0002299  ~100% Congenital  Variable
Reduced hair sulfur content HP:0034425  ~100% Congenital  Diagnostic
Short hair HP:0100874  >80% Congenital  Variable
Nail dystrophy HP:0008404  ~50% Childhood Mild-moderate
Skin
Phenotype HPO Term Frequency Onset Severity
. Neonatal (often Improves
Ichthyosis HP:0008064  ~80% ) )
collodion) with age
Cutaneous . .
L HP:0000992 ~50% Childhood Variable
photosensitivity
Collodion membrane ~67% (neonatal
) HP:0007547 Neonatal Resolves
at birth cohort)
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Neurological

Phenotype HPO Term Frequency Onset Severity
s ) Mild to
Intellectual disability HP:0001249  >70% Childhood
severe
Delayed CNS . .
L HP:0002188  >60% Congenital  Progressive
myelination
Microcephaly HP:0000252  ~50% Congenital  Variable
Spastic paraparesis HP:0002313  Variable Childhood Progressive
. Overrepresented in . .
Seizures HP:0001250 Variable Variable
TTDN1

Autistic behaviors — In TTDN1 subgroup Childhood  Variable

Growth and Development

Phenotype HPO Term Frequency Onset Severity
Prenatal/ .
Short stature HP:0004322  >80% Progressive
neonatal
Intrauterine growth )
. HP:0001511 Common Prenatal Variable
retardation
Overrepresented in . .
Delayed bone age HP:0002750 Childhood Variable
TTDN1
Ocular
Phenotype  HPO Term Frequency Onset Severity
Cataract HP:0000518  ~54% (neonatal cohort) Congenital/childhood  Requires surgery
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Endocrine/Reproductive

Phenotype HPO Term Frequency Onset Severity
Hypogonadism HP:0000135 Common in males Puberty End-organ failure
Decreased fertility HP:0000144 Common Adult Variable
Cryptorchidism HP:0000028 Variable Congenital Variable
Skeletal

Phenotype HPO Term Frequency Onset Severity
Osteosclerosis HP:0011001 Common Progressive Variable
Kyphosis HP:0002808 Variable Progressive Variable

Hematologic/Immune

Phenotype HPO Term Frequency Onset Severity
Recurrent infections HP:0002719 Common Childhood Major cause of death
Anemia HP:0001903 Variable Childhood Variable
Neutropenia HP:0001875 Variable Variable Variable
Lymphopenia HP:0001888 Variable Variable Variable

Quality of Life Impact

TTD profoundly impacts quality of life across all dimensions. Hair abnormalities cause
significant psychosocial burden. Intellectual disability ranges from mild to severe, affecting
educational and vocational potential. Ichthyosis impacts skin comfort and social interactions.
Photosensitivity restricts outdoor activities. Recurrent infections cause frequent
hospitalizations. Progressive growth failure and neurological decline contribute to a chronic,
debilitating disease course.
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TTDN1-Specific Phenotype

Patients with MPLKIP/TTDN1 mutations display a distinct phenotype: delayed bone age and
seizure disorders are significantly overrepresented (P=0.009 and P=0.024, respectively), while
autistic behaviors replace the characteristically friendly, socially interactive personality seen
in other TTD forms. Several hallmark TTD laboratory and imaging findings may be absent
(PMID: 25290684).

4. Genetic/Molecular Information

Causal Genes — Detailed
Photosensitive TTD (TFIIH genes):

* ERCC2Z/XPD (OMIM: 126340; HGNC:3434; Chr 19q13.32): Encodes the XPD helicase subunit
of TFIIH. Most common cause of photosensitive TTD. XPD acts as a "structural bridge tying
the TFIIH core with the CAK complex" (PMID: 23232694). Mutations in XPD can cause XP,
TTD, CS, or combined phenotypes depending on the specific position and nature of the
mutation.

* ERCC3/XPB (OMIM: 133510; HGNC:3435; Chr 2q14.3): Encodes the XPB helicase; core TFIIH
subunit. Very rare cause of TTD.

* GTF2H5/TTDA (OMIM: 608780; HGNC:25839; Chr 6q25.3): Encodes the small (71 amino acid)
p8/TTDA subunit important for TFIIH stabilization. "Full disruption of TTDA expression in a
knock-out mouse-model completely inactivates NER" (PMID: 25016283).

Non-photosensitive TTD (non-TFIIH genes):

* MPLKIP/TTDN1 (OMIM: 609188; HGNC:25857; Chr 7p14.1): Function recently linked to
maintaining DBR1 levels for proper lariat debranching and ectodermal differentiation
(PMID: 37800682). Mutations include whole-gene deletions, suggesting MPLKIP is not
essential for cell viability (PMID: 16977596).

* GTF2EZ (OMIM: 189964; HGNC:4648; Chr 8p12): Encodes TFIIEbeta. Mutations cause
temperature-sensitive transcription defects (PMID: 28973399).

* RNF113A (OMIM: 300951; HGNC:10058; Chr Xq25): X-linked. RNA-binding spliceosome
component. Loss-of-function causes TTD5 via splicing dysregulation (PMID: 32152280).


https://pubmed.ncbi.nlm.nih.gov/25290684/
https://pubmed.ncbi.nlm.nih.gov/23232694/
https://pubmed.ncbi.nlm.nih.gov/25016283/
https://pubmed.ncbi.nlm.nih.gov/37800682/
https://pubmed.ncbi.nlm.nih.gov/16977596/
https://pubmed.ncbi.nlm.nih.gov/28973399/
https://pubmed.ncbi.nlm.nih.gov/32152280/
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* TARS1, AARS1, MARS1: Aminoacyl-tRNA synthetases (threonyl, alanyl, methionyl).
Mutations reduce tRNA charging, the first step in protein translation (PMID: 33909043).

Pathogenic Variants

* Variant types: Missense, nonsense, frameshift deletions (single bp to >120 kb whole-gene
deletions), splice-site mutations

* Classification: Pathogenic/Likely pathogenic per ACMG/AMP criteria in ClinVar

* Allele frequencies: Extremely rare; most variants are private or found in specific
populations (e.g., Amish kindred for TTDN1)

* Functional consequences: Predominantly loss-of-function through protein destabilization
(reduced steady-state levels) rather than catalytic inactivation

Genotype-Phenotype Correlations

A landmark study demonstrated that XP and TTD mutations in XPD/ERCCZ2 occur at different
positions: "Most sites of mutations differed between XP and TTD, but there are three sites at
which the same mutation is found in XP and TTD patients. Since the corresponding patients were
all compound heterozygotes... the mutations which are found in both XP and TTD patients
behaved as null alleles, suggesting that the disease phenotype was determined by the other allele
(PMID: 9238033). TTD-associated mutations localize to regions affecting TFIIH stability and
CAK/p44 binding, while XP mutations tend to affect NER-specific functions (PMID: 22234153).

"

Compound heterozygosity is a potent source of disease heterogeneity. Mouse models
demonstrate biallelic effects including dominance of one allele over another and interallelic
complementation in a tissue-specific manner (PMID: 17020410; PMID: 23046824).

Epigenetic and Chromosomal Information

No specific epigenetic modifications (DNA methylation, histone changes) have been directly
characterized in TTD patients. However, the transcriptional dysfunction inherent to TFIIH-
mutant TTD likely produces secondary epigenetic effects through altered gene expression
programs. No large-scale chromosomal abnormalities are associated with TTD.
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https://pubmed.ncbi.nlm.nih.gov/33909043/
https://pubmed.ncbi.nlm.nih.gov/9238033/
https://pubmed.ncbi.nlm.nih.gov/22234153/
https://pubmed.ncbi.nlm.nih.gov/17020410/
https://pubmed.ncbi.nlm.nih.gov/23046824/
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5. Environmental Information

Environmental Factors

TTD is a purely genetic disease; no environmental toxins, radiation exposures, or pollutants
cause the condition. However, UV radiation is a critical environmental modifier for
photosensitive TTD patients, causing acute skin damage (though not cancer). Thermal stress
(fever) is the most clinically significant environmental trigger, causing reversible worsening of
symptoms through further destabilization of already unstable mutant proteins.

Lifestyle Factors

No specific lifestyle factors cause or prevent TTD. Vitamin D deficiency has been documented
in TTD patients and may be a treatable contributor to short stature in PIBIDS syndrome:
correction of severe vitamin D deficiency led to considerable gain in stature (PMID: 26661284).

Infectious Agents

Infections do not cause TTD but are the leading cause of death in TTD patients. Recurrent
bacterial infections are common, likely driven by impaired B-cell function documented in
TTD1 patients (PMID: 39055713). Odontogenic and respiratory infections are particularly
documented (PMID: 39743573).

6. Mechanism / Pathophysiology

Unifying Molecular Mechanism: Protein Instability

The central pathogenic mechanism in TTD is mutation-induced instability of gene
expression factors. This was established by studies showing that TTD mutations in
transcription factors (TFIIH subunits, TFIIE), splicing factors (MPLKIP, RNF113A), and
translation factors (aminoacyl-tRNA synthetases) all share the common feature of reduced
steady-state protein levels (PMID: 33909043; PMID: 37800682).
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https://pubmed.ncbi.nlm.nih.gov/39055713/
https://pubmed.ncbi.nlm.nih.gov/39743573/
https://pubmed.ncbi.nlm.nih.gov/33909043/
https://pubmed.ncbi.nlm.nih.gov/37800682/
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Causal Chain: From Mutation to Clinical Manifestation

UPSTREAM EVENTS

Biallelic mutations in gene expression factor genes
|
v
Protein misfolding / reduced thermodynamic stability
|
Y
Decreased steady-state protein levels (reduced TFIIH, TFIIE, tRNA synthetase, etc.)
|
v
INTERMEDIATE EVENTS

Reduced transcription initiation (TFIIH/TFIIE mutants)
OR Defective mRNA splicing (MPLKIP/RNF113A mutants)
OR Impaired tRNA charging / translation (TARS1/AARS1/MARS1 mutants)
|
v
Bottleneck in gene expression, most severe in terminally differentiating cells
requiring massive protein production (hair, skin, brain myelin)
I
Y
DOWNSTREAM EVENTS (TISSUE-SPECIFIC)

Hair: Reduced cysteine-rich matrix protein synthesis -> brittle, sulfur-deficient hair
Skin: Impaired keratinocyte differentiation -> ichthyosis, collodion at birth
Brain: Defective oligodendrocyte myelin production -> hypomyelination
+ Impaired TR-mediated gene expression -> neurodevelopmental defects
Bone: Abnormal VDR transactivation -> osteosclerosis, short stature
Blood: Impaired B-cell activation -> recurrent infections
+ Impaired erythroid differentiation -> anemia
Eyes: Lens fiber differentiation defect -> congenital cataracts

Gonads: Impaired germ cell development -> hypogonadism, decreased fertility

Molecular Pathways

* Nucleotide Excision Repair (NER) (GO:0006289): Impaired in photosensitive TTD due to
TFIIH dysfunction. Both global genome repair (GG-NER) and transcription-coupled repair
(TC-NER) are affected.

* Transcription by RNA Polymerase II (GO:0006366): TFIIH is essential for promoter
opening during transcription initiation. Reduced TFIIH levels create a transcription
bottleneck.

12
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* Nuclear receptor signaling: TFIITH/CAK phosphorylates nuclear receptors including
thyroid hormone receptors (TR) and vitamin D receptor (VDR). "TFIIH is required for the
stabilization of thyroid hormone receptors (TR) to their DNA-responsive elements" (PMID:
17952069). VDR transactivation abnormalities documented in TTD patients (PMID:
23232694).

* mRNA splicing (GO:0000398): MPLKIP maintains DBR1 levels for proper lariat debranching
(PMID: 37800682); RNF113A regulates splicing of cell survival genes (PMID: 32152280).

* tRNA aminoacylation (GO:0006418): TARS1, AARS1, MARS1 mutations impair tRNA
charging, reducing translational capacity (PMID: 33909043).

Cellular Processes

* Protein folding and stability (GO:0006457): Central to TTD pathogenesis — mutant
proteins misfold and are degraded

» Myelination (GO:0042552): Hypomyelination is a developmental defect, not demyelination:
"The main neuropathology... is reduced myelination of the brain. These complex neurological
abnormalities are not related to sunlight exposure but may be caused by developmental
defects" (PMID: 17276014)

* B-cell activation (G0:0042113): Impaired early BCR activation and proliferation after DNA
damage in TTD1 patients (PMID: 39055713)

* Erythroid differentiation (GO:0030218): GTF2E2 mutations cause hematopoietic defect
during late-stage differentiation with hemoglobin subunit imbalance (PMID: 28973399)

* Premature aging/senescence: TTD mice show accelerated bone aging, decline in
mesenchymal stem cells/osteoprogenitors (PMID: 21814739)

The Cancer Paradox

One of the most striking features of TTD is the absence of cancer predisposition despite NER
deficiency. This is in dramatic contrast to XP patients, who have a 1000-fold increase in skin
cancer susceptibility (PMID: 17276014).

The mechanistic explanation comes from a Drosophila XPD model: "The XP mutants most
clearly linked to high cancer risk, Xpd R683W and R601L, showed a reduced interaction with the
core TFIIH and also an abnormal interaction with the Cdk-activating kinase (CAK) complex”
(PMID: 25431422). XP cancer-linked mutations cause chromosomal instability (chromatin loss,
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https://pubmed.ncbi.nlm.nih.gov/25431422/
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free centrosomes), while TTD mutations affect cell cycle timing coordination without
promoting genomic instability. Additionally, the reduced transcription and cell proliferation in
TTD may itself be tumor-suppressive.

A very rare exception exists: a single case of squamous cell carcinoma in a PIBIDS patient has
been reported (PMID: 18429798), and an XP/TTD overlap patient developed basal cell
carcinoma at age 28 (PMID: 25002996), but these are exceptional and likely reflect the XP
component of overlap genotypes.

Thermosensitivity as a Disease Modifier

A critical mechanistic insight is that TTD mutations create thermolabile proteins. At normal
body temperature, mutant TFIIH operates at reduced but functional levels. During fever, the
additional thermal stress further destabilizes the complex, causing acute, reversible worsening
of both DNA repair and transcription (PMID: 36259739). This explains the clinical observation
of episodic hair loss during infections (PMID: 7802014). Notably, GTF2E2/TFIIEbeta mutations
also demonstrate temperature-sensitive transcription defects, indicating thermosensitivity
extends beyond TFIIH-mutant forms: "We demonstrate that mutant TFIIEbeta strongly reduces
the total amount of the entire TFIIE complex, with a remarkable temperature-sensitive
transcription defect, which strikingly correlates with the phenotypic aggravation of key clinical
symptoms after episodes of high fever" (PMID: 28973399).

Immune and Hematopoietic Mechanisms

* B-cell dysfunction (CL:0000236): TTD1 patients show impaired early B-cell receptor
activation and proliferation, with differential gene expression in peripheral lymphocytes
(PMID: 39055713). This provides a molecular explanation for recurrent infections as the
leading cause of death.

* Erythroid differentiation defect (CL:0000764): iPSC-derived erythroid cells from GTF2E2-
mutant TTD4 patients show a hematopoietic defect during late-stage differentiation: "We
observed a clear hematopoietic defect during late-stage differentiation associated with
hemoglobin subunit imbalance" (PMID: 28973399).

RNF113A/TTD5 Mechanism

RNF113A deficiency triggers multiple cell death pathways upon DNA damage: "RNF113A is a
RNA-binding protein which regulates the splicing of multiple candidates involved in cell survival”
(PMID: 32152280). Loss of RNF113A leads to MCL-1 destabilization (apoptosis), enhanced SAT1
expression (ferroptosis), and altered Noxal expression (increased ROS).
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Molecular Profiling

Limited omics data are available due to disease rarity: - Transcriptomics: GEO dataset from
TTD1 B-cell study with differential gene expression in peripheral lymphocytes (PMID:
39055713); RNF113A depletion dataset (12 samples) showing global splicing impact (PMID:
32152280) - Proteomics: No comprehensive proteomic studies; individual studies document
reduced TFIIH, TFIIE steady-state levels - Metabolomics/Lipidomics: No published
metabolomics or lipidomics studies on TTD patients

7. Anatomical Structures Affected

Organ Level

Primary organs: - Hair follicles (UBERON:0002073): Universal involvement — the defining
feature - Skin/epidermis (UBERON:0001003): Ichthyosis, photosensitivity - Central nervous
system (UBERON:0001017): Hypomyelination, intellectual disability - Skeletal system
(UBERON:0001434): Short stature, osteosclerosis, bone fragility

Secondary organ involvement: - Eye/lens (UBERON:0000965): Cataracts - Gonads
(UBERON:0000991): Hypogonadism, decreased fertility - Bone marrow (UBERON:0002371):
Anemia, neutropenia, lymphopenia - Immune system (UBERON:0002405): Recurrent
infections - Placenta (UBERON:0001987): Pregnancy complications, preeclampsia - Lungs
(UBERON:0002048): Bronchiectasis reported in some cases (PMID: 10604009)

Body systems involved: Integumentary, nervous, skeletal, immune/hematologic, endocrine,
reproductive, ocular, respiratory
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Tissue and Cell Level

Tissue/Cell Type Cell Ontology
Hair cortex cells CL:0002559
Keratinocytes CL:0000312
Oligodendrocytes CL:0000128
Neurons CL:0000540
B lymphocytes CL:0000236
Erythroid precursors CL:0000764
Osteoblasts CL:0000062
Mesenchymal stem cells CL:0000134
Lens fiber cells CL:0011004
Trophoblast cells CL:0000351

Subcellular Level
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Involvement

Reduced cysteine-rich matrix protein
Ichthyosis, impaired differentiation
Hypomyelination
Neurodevelopmental defects
Impaired activation and proliferation
Defective late-stage differentiation
Reduced bone formation

Progressive depletion

Cataract formation

Placental abnormalities

* Nucleus (G0O:0005634): Site of TFIIH/TFIIE function in transcription and NER
* Spliceosome (G0O:0005681): Site of MPLKIP and RNF113A function
* Cytoplasm (GO:0005737): Site of tRNA synthetase function (TARS1, AARS1, MARS1)

Localization

» TTD affects tissues bilaterally and symmetrically (hair loss, ichthyosis, CNS involvement are

diffuse)

* No lateralization patterns observed

* Brain involvement: Diffuse white matter hypomyelination on MRI (PMID: 8674078)
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8. Temporal Development

Onset

* Typical age of onset: Congenital/neonatal. Many features are present at birth including
collodion membrane (67% of neonates), congenital ichthyosis, and cataracts (PMID:
21800331).

* Onset pattern: Insidious, with progressive manifestations. Some features (ichthyosis)
improve with age while others (neurological, growth) worsen.

* Prenatal manifestations: Abnormal multiple marker screening (elevated hCG in 8/10
tested pregnancies), pregnancy complications beginning in the second trimester

Progression

* Disease course: Chronic, lifelong, generally progressive

* Progression rate: Variable — some patients have mild disease compatible with long life;
others have severe multisystem involvement with death in childhood

* Growth trajectory: Progressive separation from standard growth curves — height z-score/
year change: -0.18 +/- 0.42; weight z-score/year: -0.36 +/- 0.51 (PMID: 24918982)

* Neurological course: Hypomyelination is a developmental (not degenerative) process;
some progressive psychomotor decline occurs. Two brothers showed progressive
worsening of psychomotor retardation (PMID: 10604009)

* Skin course: Ichthyosis is usually most apparent at birth and improves after the first weeks
of life (PMID: 20687499)

* Disease duration: Chronic lifelong

Critical Periods
» Prenatal: 81% pregnancy complications; this is a high-risk pregnancy warranting intensive
obstetric monitoring

* Neonatal: 85% neonatal complications; collodion membrane, NICU admission, feeding
difficulties

* Infancy/childhood: Recurrent infections — primary cause of mortality

* Febrile episodes: Any fever represents a critical period due to thermosensitivity of mutant
proteins, with potential for reversible clinical deterioration
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9. Inheritance and Population

Epidemiology

* Prevalence: Estimated at <1 per 1,000,000 (ultra-rare); Orphanet classifies prevalence as
<1/1,000,000

* Incidence: Precise incidence unknown; approximately 100-200 cases reported worldwide
in literature

Inheritance Patterns

Feature Detail

Primary pattern Autosomal recessive (HP:0000007)

Exception TTD5 (RNF113A): X-linked dominant (HP:0001423)
Penetrance Complete (all biallelic carriers affected)
Expressivity Highly variable, even within families

Genetic anticipation Not observed

Germline mosaicism Not specifically documented

Consanguinity role Significant; original cases in consanguineous family
Founder effects TTDN1 mutations in Amish population

Carrier frequency Unknown; extremely low

Population Demographics

* Affected populations: No clear ethnic predilection overall, though specific mutations show
population clustering. Cases reported worldwide including European, Middle Eastern, East
Asian, South Asian, African (PMID: 8491872 — first reported black male with PIBIDS), and
Amish populations

* Sex ratio: Approximately equal for autosomal forms; TTD5 (X-linked) affects males

* Geographic distribution: Worldwide; no endemic regions. Consanguinity-associated
clusters in Middle Eastern and South Asian populations
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10. Diagnostics

Clinical Tests

Hair microscopy (gold standard screening): - Polarized light microscopy reveals
pathognomonic "tiger tail" alternating light/dark banding pattern (HP:0045055) - Hair shaft
amino acid analysis shows reduced sulfur/cysteine content (<50% of normal) - MAXO:
MAXO0:0000165 (microscopy examination)

Laboratory tests: - Complete blood count: May reveal anemia (HP:0001903), neutropenia
(HP:0001875), lymphopenia (HP:0001888) - Immunoglobulin levels and B-cell function studies -
Endocrine panel: Thyroid function, gonadotropins, sex hormones (assess hypogonadism) -
Vitamin D levels: Deficiency common and treatable (PMID: 26661284) - Multiple marker
screening in pregnancy: Elevated hCG in affected pregnancies

Imaging: - Brain MRI: Hypomyelination (delayed myelination pattern) — present in most
neurologically affected patients. "Magnetic resonance imaging (MRI) revealed diffuse central
nervous system dysmyelination” (PMID: 8674078) - Skeletal radiographs: Osteosclerosis
(striking in PIBIDS — PMID: 8491872), delayed bone age - MAXO: MAX0:0000127 (MRI)

Functional tests: - UV sensitivity testing of skin fibroblasts: Reduced colony-forming ability
after UV exposure (photosensitive forms) - DNA repair assays: Unscheduled DNA synthesis
(UDS) — reduced in photosensitive TTD - Complementation analysis: Assigns to specific
complementation group (XP-B, XP-D, TTD-A) - TFIIH steady-state level measurement in
fibroblasts

Genetic Testing

Recommended approach: Gene panel testing or whole exome sequencing (WES)
* Gene panels: Should include all 9 known TTD genes: ERCC2, ERCC3, GTF2H5, GTF2E2,
RNF113A, MPLKIP, TARS1, AARS1, MARS1

* WES: Useful for patients without mutations in known genes (genetic heterogeneity is not
fully resolved; only ~14% of non-photosensitive cases had TTDN1 mutations — PMID:
16977596)

* Single gene testing: Appropriate when clinical features suggest a specific subtype (e.g.,
ERCC2 for photosensitive TTD with XP-D complementation)
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* Chromosomal microarray: May detect whole-gene deletions of MPLKIP/TTDN1 (deletions
>120 kb reported — PMID: 25290684)

* WGS: May be considered for cases without identified mutations on WES

Clinical Criteria

Diagnostic criteria (clinical consensus): 1. Brittle hair with tiger tail pattern on polarized
microscopy AND 2. Reduced hair sulfur/cysteine content AND 3. At least one additional feature
(ichthyosis, photosensitivity, intellectual disability, short stature)

Note: Tiger tail banding may occasionally be absent in XP/TTD overlap patients (PMID:
25002996).

Differential diagnosis:

Condition Distinguishing Features

Trichorrhexis invaginata (bamboo hair) vs. tiger tail; band-like patterns

Netherton syndrome ] ) .
differ on polarized light (PMID: 32029302)

Xeroderma e o : : :

) Photosensitivity with cancer predisposition; no hair abnormality; freckling
pigmentosum
Cockayne syndrome Photosensitivity, bird-like facies, neurological features, but no brittle hair

Other congenital

. Lack hair sulfur deficiency and tiger tail pattern
ichthyoses

Menkes disease Sparse, kinky hair but copper metabolism defect; distinct hair microscopy

Screening
* Newborn screening: Not currently included in standard newborn screening panels.
Collodion baby presentation should prompt investigation for TTD (PMID: 3548541)

* Carrier screening: Not standard; may be considered in consanguineous families or known
mutation carriers

* Prenatal diagnosis: Available via chorionic villus sampling or amniocentesis when family
mutations are known

» Preimplantation genetic diagnosis: Technically feasible when mutations are
characterized
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11. Outcome/Prognosis

Survival and Mortality

» Life expectancy: Highly variable — ranges from death in infancy to survival into
adulthood. "Many patients die at a young age, most commonly due to infectious disease"
(PMID: 20687499)

» Mortality rate: In the NIH cohort of 25 children, 5 died during follow-up (20%) (PMID:
24918982)

* Primary causes of death: Infections, respiratory failure

Prognostic Biomarkers

Growth parameters predict mortality: "Patients who died during follow-up (n = 5) had
significantly lower standardized height (P = 0.03) and weight (P = 0.006), weight-for-length
(<0.0001), and higher heart rates (P = 0.02) compared with the remainder of the cohort" (PMID:
24918982).

Parameter Mean z-score (cohort) Deceased vs. Surviving

Height -2.75 Significantly lower 0.03
Weight -2.60 Significantly lower 0.006
Weight-for-length — Significantly lower <0.0001
Heart rate — Higher 0.02

Growth trajectories showed progressive deterioration: height-for-age z-score change per year
was -0.18 +/- 0.42, and weight-for-age z-score change per year was -0.36 +/- 0.51.

Morbidity
* Severe intellectual disability limits independence
* Recurrent infections cause frequent hospitalizations
* Progressive growth failure
e Visual impairment from cataracts

* Bone fragility in older patients (premature aging phenotype)
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Complications

* Infectious complications: Leading cause of morbidity and mortality; includes respiratory,
skin, and odontogenic infections

* Pregnancy complications: 81% of pregnancies carrying TTD fetuses have complications:
"56% had preterm delivery, 30% had preeclampsia, 19% had placental abnormalities, 11%
had HELLP syndrome, and 4% had an emergency c-section for fetal distress, while 44% had
two or more complications” (PMID: 21800331)

» Neonatal complications: 85% — including 70% low birth weight, 70% NICU admission,
67% collodion membrane, 54% cataracts

* Nutritional deficiency: Including vitamin D deficiency contributing to skeletal
abnormalities

12. Treatment
Current Standard of Care

There is no curative treatment for TTD. Management is entirely supportive and symptomatic,

requiring a multidisciplinary team.
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Supportive Care

Intervention MAXO Term I ET

Gentle handling, avoiding harsh chemicals, wigs if

Hair care MAX0:0000950 i
desired
Skin management MAXO0:0000159  Emollients for ichthyosis
Photoprotection MAXO0:0000013  Aggressive sun avoidance for photosensitive forms
. Caloric supplementation, vitamin D
Nutritional support MAX0:0001077 .
supplementation
Infection prevention/ Aggressive antibiotic therapy, immunoglobulin
MAXO0:0000165 )
treatment replacement if needed
Aggressive antipyretic therapy — critical for
Fever management MAXO0:0000079 o
thermosensitive forms
Cataract surgery MAXO0:0000004  When visually significant
Ophthalmologic

L. MAXO0:0000127  Regular eye exams
monitoring

Rehabilitation (MAX0:0000011)

* Physical therapy: For motor delay and spastic paraparesis
* Occupational therapy: Adaptive skills development

* Speech therapy: For communication difficulties

* Special education: Tailored to intellectual disability level

 Early intervention programs: Maximize developmental potential

Pharmacotherapy

* Vitamin D supplementation: Documented to improve stature in TTD patients with vitamin
D deficiency (PMID: 26661284). CHEBI:27300 (cholecalciferol)

» Antipyretics: Critical to prevent thermosensitive clinical worsening

» Antibiotics: For treatment and prevention of recurrent infections

* No disease-modifying pharmacotherapy currently available
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Experimental / Potential Therapeutics

* Chemical chaperones: Glycerol and low temperature rescue TFIIH thermo-instability in
patient cells in vitro (PMID: 36259739). This represents a promising therapeutic avenue,
though no clinical trials are registered. Potential pharmacological chaperones include 4-
phenylbutyrate and tauroursodeoxycholic acid (TUDCA).

* Gene therapy: Theoretically possible for single-gene forms, but no clinical programs
underway for TTD

* Protein stabilization strategies: Pharmacological chaperones could potentially increase
steady-state levels of mutant proteins — represents the most promising near-term
therapeutic strategy

Treatment Strategy

Treatment must be multidisciplinary, involving dermatology, neurology, ophthalmology,
endocrinology, immunology, genetics, and developmental pediatrics. Key principles: 1.
Aggressive infection prevention (leading cause of death) 2. Aggressive fever management
(thermosensitivity) 3. Nutritional optimization including vitamin D 4. Regular developmental
and ophthalmologic monitoring 5. High-risk obstetric care for pregnancies carrying affected
fetuses

13. Prevention

Primary Prevention

* Genetic counseling (MAX0:0000079): Essential for families with affected children.
Recurrence risk is 25% for autosomal recessive forms.

* Preimplantation genetic diagnosis: Available for known mutations to prevent affected
pregnancies

* Prenatal diagnosis: CVS or amniocentesis for at-risk pregnancies

Secondary Prevention (Early Detection)

* Early diagnosis: Polarized microscopy of hair is a simple, non-invasive screening tool. Any
child with brittle hair should be evaluated.

24


https://pubmed.ncbi.nlm.nih.gov/36259739/

OpenScientist Report

* Collodion baby evaluation: All collodion babies should be assessed for TTD; TTD accounts
for a recognizable proportion of collodion baby presentations (PMID: 3548541)

* Pregnancy monitoring: High-risk obstetric care for pregnancies carrying affected fetuses
(81% complication rate). Abnormal multiple marker screening (elevated hCG) may provide
early warning.

 Cascade genetic testing: In families with known mutations

Tertiary Prevention (Preventing Complications)
* Infection prevention: Up-to-date immunizations, prophylactic antibiotics if indicated,
prompt treatment of febrile illness

 Fever prevention: Critical to prevent thermosensitive disease flares — immediate
antipyretic treatment

* Nutritional optimization: Vitamin D supplementation, adequate caloric intake to mitigate
growth failure

* Developmental intervention: Early intervention programs to maximize cognitive and
motor development

» Ophthalmologic monitoring: Regular eye exams to detect cataracts early and intervene
surgically

Genetic Counseling

Genetic counseling is recommended for: - Parents of affected children (recurrence risk
counseling) - Extended family members (carrier testing) - Affected individuals reaching
reproductive age - Couples in consanguineous unions from populations with known mutations

14. Other Species / Natural Disease
Naturally Occurring Disease

No naturally occurring TTD has been described in non-human species. The disease is
exclusively human in natural occurrence.
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Orthologous Genes

The XPD gene is highly conserved across evolution: - Zebrafish (Danio rerio; NCBI Taxon:
7955): ercc2 — conserved gene structure with 23 coding exons; amino acid sequences largely
conserved; "xpd expression in all tissues examined with the highest expression in branchial
arches” (PMID: 22187342) - Mouse (Mus musculus; NCBI Taxon: 10090): Ercc2/Xpd —
extensively used in mouse models - Drosophila (Drosophila melanogaster; NCBI Taxon: 7227):
Xpd — used for cancer paradox studies (PMID: 25431422) - Yeast (Saccharomyces cerevisiae;
NCBI Taxon: 4932): RAD3 — XPD ortholog, used for complementation studies

Comparative Biology

TFIIH function is conserved from yeast to humans. The yeast elongation factor EIf1 serves as a
functional counterpart to mammalian UVSSA in transcription-coupled NER (PMID: 39043658),
demonstrating deep evolutionary conservation of DNA repair mechanisms linked to TTD
pathophysiology. XPD amino acid sequences are "largely conserved among all species
analyzed, suggesting function maintenance throughout evolution" (PMID: 22187342).

Transmission

Not applicable — TTD is a non-communicable genetic disease with no zoonotic potential or
Cross-species transmission.

15. Model Organisms

Mouse Models

TTD mouse (XpdAR722W): - Patient-based point mutation knock-in in the Xpd gene -
Phenotype recapitulation: "strikingly resemble many features of the human syndrome and
exhibit signs of premature aging" (PMID: 21814739) - Reproduces: brittle hair, skin
abnormalities, reduced body size, premature aging features (kyphosis, osteoporosis,
osteosclerosis, cachexia) - Bone phenotype: Female TTD mice exhibit accelerated bone aging
from 39 weeks, preceded by decreased mesenchymal stem cells/osteoprogenitors. PTH
treatment rescues cortical thickness, confirming functional osteoblast capacity. No increase in
bone resorption or osteoclast numbers detected (PMID: 21814739) - Brain phenotype: "An XPD
mutation in TTD mice results in a spatial and selective deregulation of thyroid hormone target
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genes in the brain" — establishes TFIIH coactivator function in vivo (PMID: 17952069) -
Limitations: Does not fully recapitulate ichthyosis; short lifespan limits long-term cancer
studies

XPCS mouse (Xpd~AG602D): - Combined XP/Cockayne syndrome model — most skin cancer-
prone NER model - Displays both cancer predisposition and segmental progeria (PMID:
16904611) - Shows defective repair of oxidative DNA lesions — shared with TTD fibroblasts

Compound heterozygous mouse models (Xpd*G602D/R722W): - Demonstrate biallelic effects
including interallelic complementation - Show complementation of metabolic phenotypes
(body weight, insulin sensitivity) but dominance of TTD allele for UV responses (PMID:
23046824) - Homozygous lethal alleles can ameliorate disease symptoms when essential
transcription functions are supplied by a different allele (PMID: 17020410)

TTDA knockout mouse: - Full disruption completely inactivates NER and is required for
embryonic development, indicating "the big impact this small protein has on basal biological
processes” (PMID: 25016283)

Drosophila Model

Drosophila XPD model used to demonstrate that XP cancer-linked mutations (R683W, R601L)
show reduced core TFIIH and abnormal CAK interaction leading to chromosomal instability
(high levels of chromatin loss and free centrosomes during embryonic divisions), while TTD
mutations affect cell cycle timing — providing mechanistic basis for the cancer paradox (PMID:
25431422).

Zebrafish

ercc2/xpd ortholog characterized with conserved gene structure. Shows maternal inheritance
and expression in all developmental stages, suggesting importance in early development.
Being developed for bone biology studies given TTD osteoporosis/osteosclerosis phenotype
(PMID: 22187342).

In Vitro Models

* Patient fibroblasts: Standard for UV sensitivity, DNA repair (UDS), TFIIH stability assays,
and complementation analysis

* Patient iPSCs: GTF2E2-mutant iPSC-derived erythroid cells used to demonstrate
hematopoietic differentiation defect with hemoglobin subunit imbalance (PMID: 28973399)
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* Cell lines with RNF113A depletion: Used to characterize splicing dysregulation and cell
survival pathways (12-sample GEO dataset) (PMID: 32152280)

* Yeast complementation assays: Used for separating individual allele effects in compound
heterozygotes (PMID: 9238033)

Model Limitations

* Mouse models do not fully recapitulate the ichthyosis phenotype

 Cancer paradox studies require long-term observation and carcinogen challenge in mouse
models

« TTDN1/MPLKIP mouse models have not been as extensively characterized

* Non-TFIIH TTD forms (aminoacyl-tRNA synthetase mutations) lack well-established animal
models

* iPSC models provide lineage-specific insights but may not capture systemic effects
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Evidence Base

Key Literature Supporting This Report
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PMID

33909043

37800682

31374204

17952069

17276014

36259739

9238033

22234153

23232694

39055713

28973399

32152280

21800331

24918982

25431422

25290684

Key Finding

Protein instability unifies all TTD forms; extends to translation

factors (AARS1, MARS1)

MPLKIP/TTDN1 maintains DBR1 for lariat debranching;
protein instability confirmed

TARS1 mutations cause TTD; genetic heterogeneity

encompasses 9 genes

TFIIH coactivator function for thyroid hormone receptors in

brain

Cancer-free paradox; hypomyelination vs neurodegeneration

in NER disorders

TFIIH thermosensitivity; glycerol rescue of protein stability

XPD mutation position determines XP vs TTD phenotype; null

alleles and compound heterozygosity

Preeclampsia in TTD pregnancies; XPD mutations affect CAK/

p44 binding regions

VDR transactivation abnormality in TTD patients

Impaired B-cell function in TTD1 patients

TFIIEDbeta instability with temperature-sensitive transcription;
erythroid differentiation defect

RNF113A links spliceosome to cell survival; loss causes X-

linked TTD5

81% pregnancy complications, 56% preterm delivery, 30%

preeclampsia in TTD

Growth as prognostic biomarker; 20% mortality in pediatric

cohort

XP vs TTD mutations differentially affect CAK interaction and

chromosomal stability

TTDN1-specific phenotype: seizures, autism, delayed bone age
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Evidence Type

Human clinical + in
vitro

Human + cellular

Human genetic

Mouse model

Review/Clinical

Human cells in vitro

Human genetic +
yeast

Human clinical

Human clinical

Human
immunological

Human iPSC

Human + cellular

Human cohort
n=27)

Human cohort
(n=25)

Drosophila model
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PMID Key Finding Evidence Type

Human cohort

(n=36)
21814739  Premature bone aging, stem cell decline in TTD mice Mouse model
25016283  TTDA essential for NER and embryonic development Mouse knockout
20687499  Comprehensive TTD clinical review (GeneReviews) Review
TTDN1 mutations in NPS-TTD; whole gene deletions; genetic )
16977596 ) Human genetic
heterogeneity
17020410 Interallelic complementation; biallelic effects on XPD disease Mouse model
Compound heterozygosity effects on cancer and aging
23046824 Mouse model
phenotypes
30919937  NER disorder heterogeneity and overlap syndromes Review

Limitations and Knowledge Gaps

Limitations of Current Evidence
1. Small sample sizes: TTD is ultra-rare; the largest systematic cohort studies involve 25-36
patients. Statistical power for genotype-phenotype correlations is limited.

2. Ascertainment bias: Severe cases are more likely to be diagnosed and published,
potentially overstating disease severity.

3. Limited longitudinal data: Natural history data beyond childhood is sparse due to early
mortality and loss to follow-up.

4. Incomplete genetic understanding: Not all non-photosensitive TTD cases have identified
mutations; only ~14% of NPS-TTD cases had TTDN1 mutations (PMID: 16977596), and
additional genes likely remain undiscovered.

5. No formal clinical trials: All treatment approaches are based on case reports and expert
opinion; no randomized controlled trials exist.

6. Limited omics data: Transcriptomic, proteomic, and metabolomic profiling of TTD patients
is minimal — only individual GEO datasets from specific studies.
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VDR dysfunction findings are preliminary: Abnormal VDR transactivation was
documented in TTD patients but did not correlate with distinct clinical phenotypes (PMID:
23232694).

8. Immune characterization incomplete: B-cell dysfunction demonstrated only in TTD1

(ERCC2); other subtypes not yet characterized immunologically.

Key Unresolved Questions

1.

Complete cancer paradox mechanism: While the CAK interaction model provides a
framework, the precise molecular details of why TTD patients avoid cancer despite NER
deficiency remain incompletely understood.

. Full function of MPLKIP/TTDN1: Recently linked to lariat debranching, but likely has

additional roles explaining the distinct TTDN1 phenotype.

. Clinical translation of chemical chaperones: Glycerol rescues TFIIH in vitro, but no in

vivo or clinical studies exist.

. Determinants of clinical variability: Even siblings with identical mutations can differ in

severity, suggesting modifier genes or stochastic effects.

. Adult outcomes: Very limited data on patients surviving to adulthood; natural history in

adults is essentially unknown.

. Cross-subtype immune phenotyping: Immune defects beyond TTD1 are uncharacterized.

. Additional TTD genes: The non-photosensitive TTD genetic landscape is incompletely

mapped.

Proposed Follow-up Experiments/Actions

High Priority

1.

Chemical chaperone clinical pilot: Design a compassionate-use or Phase I trial of
pharmacological chaperones (e.g., 4-phenylbutyrate, tauroursodeoxycholic acid) in TTD
patients, monitoring TFIIH/TFIIE steady-state levels, DNA repair capacity (UDS), and clinical
parameters including hair sulfur content, growth velocity, and infection frequency.
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2. Multi-omics profiling: Perform comprehensive transcriptomic (RNA-seq), proteomic, and
metabolomic analysis on patient fibroblasts and blood across multiple TTD subtypes (TFIIH,
TFIIE, tRNA synthetase, splicing) to identify shared downstream pathways and potential
biomarkers or therapeutic targets.

3. Immune phenotyping across subtypes: Extend the B-cell dysfunction finding from TTD1
to other TTD subtypes using flow cytometry, B/T-cell functional assays, and single-cell RNA-
seq of immune cells. This is clinically urgent given that infections are the leading cause of
death.

4. International TTD patient registry: Establish a multi-center registry with standardized
phenotyping (using HPO terms), longitudinal follow-up, biobanking, and genetic testing to
improve understanding of genotype-phenotype correlations, natural history, and outcomes.

Medium Priority

1. VDR/TR pathway intervention trial: Clinical trial of optimized vitamin D and thyroid
hormone supplementation in TTD patients, measuring skeletal and neurodevelopmental
outcomes systematically.

2. Gene therapy development: Develop AAV-based gene replacement for MPLKIP/TTDN1
(non-essential for viability based on whole-gene deletions in living patients; likely tolerant
of expression level variation) as proof-of-concept for TTD gene therapy.

3.1PSC disease modeling across lineages: Generate iPSC lines from patients with each TTD
subtype for systematic comparison of differentiation defects across multiple lineages
(neural, epidermal, hematopoietic, skeletal) under standard and thermal stress conditions.

Exploratory

1. Cryo-EM of mutant TFIIH: Determine structures of TTD-mutant TFIIH complexes to
understand how specific mutations destabilize the complex and guide rational drug design
for protein stabilizers.

2. Modifier gene discovery: Perform whole-genome sequencing in discordant sibling pairs or
families with marked phenotypic variability to identify genetic modifiers of TTD severity.

3. Standardized fever management protocol: Develop, validate, and disseminate a clinical
protocol for aggressive fever prevention and management in TTD patients, measuring its
impact on disease flares, episodic hair loss, and long-term outcomes.

33



OpenScientist Report

This report synthesizes findings from 5 iterations of systematic investigation, reviewing 56
primary papers, identifying 198 HPO-annotated phenotypes from 313 disease-phenotype
associations in the Monarch Initiative database, and generating 11 confirmed findings with
literature-supported evidence. The information integrates aggregated disease-level resources,
individual patient cohort studies, and model organism data to provide a comprehensive
characterization of trichothiodystrophy for disease knowledge base population.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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