H Syndrome (SLC29A3 Spectrum Disorder)
— Comprehensive Disease
Characteristics Report

Disease: H Syndrome (Histiocytosis—-Lymphadenopathy Plus Syndrome) Category: Mendelian,
autosomal recessive Causal gene: SLC29A3 (hENT3), chromosome 10q22.1 Primary
identifiers: OMIM #602782 / #612391; MONDO:0011273; Orphanet ORPHA:168569;
NCBIGene:55315; HGNC:23096

Summary

H syndrome is a rare autosomal recessive inherited histiocytosis and genodermatosis caused
by biallelic loss-of-function mutations in SLC29A3, the gene on chromosome 10g22.1 that
encodes the human equilibrative nucleoside transporter 3 (hENT3) — an acidic-pH-
activated intracellular transporter localized principally to lysosomes and endosomes, with
partial mitochondrial localization. The disease derives its name from the constellation of
clinical "H" features: Hyperpigmentation, Hypertrichosis, Hepatosplenomegaly, Heart
anomalies, Hearing loss, Hypogonadism, low Height (short stature), Hyperglycemia, and
Hallux valgus/flexion contractures. It belongs to a broad allelic spectrum ("SLC29A3 spectrum
disorder") that also encompasses pigmented hypertrichosis with insulin-dependent diabetes
(PHID), Faisalabad histiocytosis (FHC), familial Rosai-Dorfman disease (RDD), and
dysosteosclerosis.

Mechanistically, loss of hENT3 transport activity causes lysosomal accumulation of
nucleosides, elevated intralysosomal pH, and defective clearance of apoptotic-cell-
derived material in macrophages. This activates nucleoside-sensing Toll-like receptors
(TLR7/TLR-family) and downstream MAPK signaling, along with increased M-CSF/receptor
signaling, driving macrophage/histiocyte expansion, a type I interferon signature, and systemic
autoinflammation. The result is a progressive, phenotypically heterogeneous multisystem
histiocytic disorder. Importantly, mechanism-directed therapies — MEK inhibition, IL-6
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blockade (tocilizumab), JAK inhibition (baricitinib), and hydroxychloroquine (TLR7
inhibition) — have produced clinical responses, moving management from purely
symptomatic toward targeted immunomodulation.

A defining feature of H syndrome is its striking clinical variability and genotype-phenotype
discordance: even identical homozygous mutations within a single family can produce classic
H syndrome in some members and isolated cutaneous Rosai-Dorfman disease or near-normal
phenotypes in others. Fewer than 100 patients have been reported worldwide, predominantly
of Arab, North African, Middle Eastern, and South Asian descent, reflecting consanguinity and
founder effects. The gene is loss-of-function—-tolerant in heterozygotes (gnomAD LOEUF = 1.05),
consistent with the recessive model. This report synthesizes seven confirmed findings and 32
reviewed papers into a comprehensive disease knowledge-base entry across all 15 requested
characteristic domains.

1. Disease Information

Overview. H syndrome is a rare autosomal recessive inherited systemic histiocytosis/
genodermatosis first delineated as a distinct entity in 2008 by Molho-Pessach and colleagues,
who described 10 patients from 6 Arab consanguineous families with the characteristic triad of
hyperpigmented, hypertrichotic, and indurated cutaneous patches plus multisystem
involvement (PMID: 18410979). The abstract states: "The association of cutaneous
hyperpigmented, hypertrichotic, and indurated patches associated with hearing loss, short
Stature, cardiac anomalies, hepatosplenomegaly, scrotal masses, and hypogonadism has not, to
our knowledge, been previously recognized as a disease entity... We call this constellation of
symptoms the 'H syndrome.” It is now understood as one presentation within the broader
SLC29A3 spectrum disorder, also called histiocytosis-lymphadenopathy plus syndrome
(HLPS).

Key identifiers.


https://pubmed.ncbi.nlm.nih.gov/18410979/
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Resource Identifier

OMIM #602782 (Histiocytosis-lymphadenopathy plus syndrome); #612391 also used

(phenotype) historically for H syndrome

MONDO MONDO:0011273

Orphanet ORPHA:168569

Gene (NCBI) NCBIGene:55315 (SLC29A3)

HGNC HGNC:23096

Ensembl ENSG00000198246

D10 No specific code; often coded under histiocytosis (D76) or the presenting
endocrinopathy

MeSH Related term: Histiocytosis; the syndrome lacks a unique MeSH heading

Synonyms / alternative names: H syndrome; histiocytosis-lymphadenopathy plus syndrome
(HLPS); SLC29A3 spectrum disorder; SLC29A3-related disorder. Related/overlapping allelic
entities within the spectrum: PHID (pigmented hypertrichosis with non-autoimmune insulin-
dependent diabetes mellitus), Faisalabad histiocytosis (FHC), familial Rosai-Dorfman
disease (RDD), and dysosteosclerosis.

Source of information. The knowledge in this report is derived from aggregated disease-
level resources (OMIM, Orphanet, HPO/Monarch curated annotations, gnomAD, Alliance of
Genome Resources) combined with individual patient case reports and small case series in
the primary literature — the dominant evidence type for this ultra-rare disease.

2. Etiology

Disease causal factors. H syndrome is a monogenic, autosomal recessive genetic disease.
The sole established cause is biallelic (homozygous or compound heterozygous) loss-of-
function mutation of SLC29A3. There is no environmental or infectious cause; the histiocytic
infiltration and inflammation are downstream consequences of the genetic defect.
Autozygosity mapping in a consanguineous family localized the disease to chromosome
10g22.1, and biallelic germline SLC29A3 mutations were identified across Faisalabad
histiocytosis, familial Rosai-Dorfman disease, H syndrome, and PHID (PMID: 20140240):


https://pubmed.ncbi.nlm.nih.gov/20140240/

OpenScientist Report

"identified a novel locus at chromosome 10q22.1. Mutation analysis of candidate genes within the
target interval identified biallelic germline mutations in SLC29A3 in the FHC kindred and in two
families reported to have familial RDD."

Risk factors. - Genetic: The primary and essentially sole risk factor is inheriting two
pathogenic SLC29A3 alleles. Consanguinity is a major risk factor — the great majority of
reported families are consanguineous, and homozygosity for founder alleles predominates in
Arab, North African, Middle Eastern, and South Asian populations. - Environmental: No
established environmental, occupational, toxic, lifestyle, dietary, or age/sex risk factors. Sex
does not alter susceptibility (recessive), though some manifestations (e.g., hypogonadism/
azoospermia) are sex-specific in expression.

Protective factors. No genetic or environmental protective factors are established. The gene is
loss-of-function tolerant in heterozygotes (gnomAD pLI = 3.9e-05; LOEUF = 1.05), so
carriers (heterozygotes) are healthy — one functional allele is protective/sufficient. One
notable molecular protective mechanism has been documented: a frameshift deletion can be
partially "rescued" by paradoxical translation of a normally noncoding out-of-frame splice
variant, yielding a hypomorphic isoform with residual activity and a mild phenotype (PMID:
22238637).

Gene-environment interactions. None established. Disease expression is governed by genetic
background (modifier effects, discussed in Section 4) rather than by measured environmental
exposures.

3. Phenotypes

H syndrome is a multisystem disorder with highly variable expressivity. Curated HPO
annotations for MONDO:0011273 / OMIM:602782 list 51 phenotype terms with source-derived
frequencies (Monarch/JAX). The table below summarizes the major phenotypes with HPO
terms, frequencies, and characteristics. Onset is typically childhood (often congenital or first
years of life), progression is generally progressive/chronic, and severity is variable.


https://pubmed.ncbi.nlm.nih.gov/22238637/
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HPO term

Frequency
(curated)
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Hypertrichotic
hyperpigmented patch

Skin
hyperpigmentation

Lymphadenopathy

Cervical
lymphadenopathy

Histiocytosis

Hepatomegaly

Splenomegaly

Sensorineural hearing
impairment

Camptodactyly of
finger

Flexion contractures
(finger/toe)

Hallux valgus

Short stature

Azoospermia

Gynecomastia

HP:0033190

HP:0000953

HP:0002716

HP:0025289

HP:0100727

HP:0002240

HP:0001744

HP:0000407

HP:0100490

HP:0012785 /
HP:0005830

HP:0001822

HP:0004322

HP:0000027

HP:0000771

Physical/skin

Physical/skin

Clinical sign

Clinical sign

Pathology

Clinical sign

Clinical sign

Clinical sign

Physical

Physical

Physical

Physical

Lab/
reproductive

Physical

10/10 (very
frequent)

9/12
(common)

12/12 (very
frequent)

12/13 (very
frequent)

4/4 (very
frequent)

13/23
(common)

8/12
(common)

8/11
(common)

7/7 (very
frequent)

4/4 each

7/8 (very
frequent)

4/7
(common)

3/3 (very
frequent)

Pathognomonic;
inner thighs, shins;
may spare joints

Indurated,
sclerodermatous

Overlaps Rosai-
Dorfman

CD68+ histiocytic
infiltrate

Progressive,
bilateral

Proximal
interphalangeal, toe
joints

GH deficiency
contributes

Male infertility
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Micropenis

Hypogonadism
(hypergonadotropic)

Type 1 /insulin-
dependent diabetes

Elevated ESR

Varicose veins

Episcleritis

Proptosis

Pulmonary arterial
hypertension

Atrial/ventricular
septal defect

Retroperitoneal
fibrosis

Pancreatic hypoplasia /
exocrine insufficiency

HP:0000054

HP:0100651

HP:0003565

HP:0002619

HP:0100534

HP:0000520

HP:0002092

HP:0001631 /

HP:0001629

HP:0005200

HP:0002594

Physical

Endocrine

Lab/endocrine

Lab

Vascular

Ocular

Ocular

Cardiovascular

Cardiac

Fibrosis

Endocrine/GI

3/3 (very
frequent)

6/12
(commeon)
Common
3/4
(common)

3/3 (very
frequent)

11/19
(common)

8/14
(common)

8/21
(common)

2/18 (rare)
ASD 2/10;
VSD 1/10

(rare)

Very rare

Very rare

Primary
hypogonadism

Often autoantibody-
negative (PHID)

Systemic
inflammation

Dilated scleral
vessels

Can be treatment-
resistant

Cardinal "H" features (PMID: 37638031): "cutaneous hyperpigmentation, hypertrichosis,

hepatosplenomegaly, heart anomalies, hearing loss, hypogonadism, short stature, hallux valgus,
hyperglycemia, fixed flexion contractures of the toe joints, and the proximal interphalangeal

joints."


https://pubmed.ncbi.nlm.nih.gov/37638031/
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Quality of life impact. The disease imposes substantial burden: chronic pain and difficulty
walking from arthritis and muscle contractures, growth failure, insulin-dependent diabetes
requiring intensive management, infertility, progressive hearing loss, and disfiguring
cutaneous changes. A representative case reported "serious pain in both feet and hands and
difficulty walking due to knee arthritis and muscle contractures" (PMID: 38263041). Formal
QoL instruments (EQ-5D, SF-36) have not been systematically applied given rarity.

Inheritance HPO term: HP:0000007 (autosomal recessive).

4. Genetic / Molecular Information

Causal gene. SLC29A3 (solute carrier family 29 member 3), located at chromosome 10¢22.1
(GRCh38 chr10:71,319,259-71,381,423; ENSG00000198246; NCBIGene:55315; HGNC:23096). It
encodes hENT3 (equilibrative nucleoside transporter 3), an intracellular equilibrative
nucleoside transporter with affinity for adenosine (PMID: 20140240): "SLC29A3 encodes an
intracellular equilibrative nucleoside transporter (hENT3) with affinity for adenosine."”

Pathogenic variants. Reported variants are diverse and span the coding sequence: - Missense
— e.g., ¢.1088G>A (p.Arg363GIn), the recurrent allele producing both classic H syndrome and
cutaneous RDD within one family; p.Arg386GIn. - Frameshift — c.243delA; ¢.307_308delTT
(p-Phe103Ter); p.Leu298fs. - Nonsense / start-loss — a novel start-loss variant c.2T>A
(p-Met1Lys) in H syndrome siblings (PMID: 38965556). - Structural / exon-level — homozygous
deletion of exon 2 (PMID: 41365842).

Variant classification (ACMG/AMP): Established recurrent alleles (e.g., c.1088G>A) are
classified pathogenic/likely pathogenic; novel truncating and start-loss variants are typically
pathogenic based on loss-of-function mechanism plus segregation and functional data.

Origin: All disease-causing variants are germline. (Note: SLC29A3 somatic alterations are
separately implicated in cancer biology per the ENT3 review PMID: 38104646, but this is
distinct from the inherited H syndrome context.)

Functional consequences — loss of function. Biochemical characterization of H syndrome/
PHID/FHC/RDD mutants demonstrated severe reductions or complete losses of hENT3
nucleoside transport function, with pathogenicity arising from either protein mistrafficking
or altered protein stability (PMID: 20595384): "We report severe reductions/losses of hENT3
nucleoside transport functions of hENT3 syndrome mutants.” A novel c.243delA mutation
paradoxically increased plasma-membrane transport in patient fibroblasts without


https://pubmed.ncbi.nlm.nih.gov/38263041/
https://pubmed.ncbi.nlm.nih.gov/20140240/
https://pubmed.ncbi.nlm.nih.gov/38965556/
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mitochondrial dysfunction or mtDNA depletion, arguing against classifying H syndrome
among mitochondrial DNA depletion syndromes and favoring a lysosomal storage disease
framing (PMID: 23058913).

Population allele frequency & constraint. gnomAD constraint metrics indicate SLC29A3 is
not constrained against heterozygous loss of function: pLI = 3.9e-05, observed/expected LoF
=0.71 (90% CI 0.49-1.05; LOEUF = 1.05), missense Z = 0.40. This confirms that heterozygous
carriers are healthy, fully consistent with recessive inheritance.

Modifier genes / expressivity. No specific modifier gene has been molecularly identified, but
genetic background clearly modifies expressivity: the identical homozygous c.1088G>A
produced classic H syndrome in four family members and cutaneous familial Rosai-Dorfman
disease in a fifth (PMID: 34657628): "This report underlines the clinical variability of SLC29A3
disorders even with an identical mutation in the same family.”" The hypomorphic splice-rescue
mechanism (PMID: 22238637) is a molecular-level modifier of severity.

Epigenetic information & chromosomal abnormalities. No disease-specific DNA-
methylation, histone-modification, or large-scale chromosomal abnormality (aneuploidy,
translocation) findings are established for H syndrome. Exon-level deletions of SLC29A3 occur
but are gene-local rather than large cytogenetic rearrangements.

5. Environmental Information

H syndrome is purely genetic. There are no environmental factors (toxins, radiation,
pollution, occupational exposure), no lifestyle factors (smoking, diet, exercise, alcohol), and
no infectious agents that cause or trigger the disease. The only population-level
"environmental" contributor is the cultural practice of consanguineous marriage, which
increases homozygosity for recessive founder alleles in affected populations — a social/
demographic rather than biological exposure.


https://pubmed.ncbi.nlm.nih.gov/23058913/
https://pubmed.ncbi.nlm.nih.gov/34657628/
https://pubmed.ncbi.nlm.nih.gov/22238637/
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6. Mechanism / Pathophysiology

Causal chain

Biallelic SLC29A3 LOF mutation
|
v
Loss of hENT3 nucleoside transport (lysosome/endosome; partial mitochondria)
|
v
Lysosomal nucleoside accumulation + elevated intralysosomal pH
|
v
Defective apoptotic-cell clearance in macrophages; lysosome dysfunction
|
v
Nucleoside-sensing TLR7/TLR activation — MAPK signaling — cytokine secretion
| |
v v
Type I interferon signature; NLRP3/IL-1pB t M-CSF / receptor signaling

v
Macrophage/histiocyte expansion + systemic autoinflammation
|
v
Multisystem "H" phenotype (skin, LN, endocrine, cardiac, skeletal, ...)

Molecular pathways. The central pathway is nucleoside-sensing TLR - MAPK signaling.
Functional analysis of primary cells from H syndrome patients showed that ENT3 loss of
function activates nucleoside-sensing toll-like receptors (TLR) and downstream MAPK
signaling, inducing cytokine secretion and inflammation (PMID: 37738562): "loss of function
of ENT3 activates nucleoside-sensing toll-like receptors (TLR) and downstream MAPK signaling,
inducing cytokine secretion and inflammation. Importantly, MEK inhibitor therapy led to
resolution of histiocytosis and inflammation in a patient with H syndrome." A parallel pathway is
increased M-CSF/CSF1R signaling promoting macrophage proliferation. A rheumatology case
established that SLC29A3 deficiency drives interferon production via lysosomal TLR7
activation, with a high interferon score responsive to combined JAK inhibition (baricitinib)
and hydroxychloroquine (PMID: 38263041). NLRP3 inflammasome hyperactivation with
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enhanced IL-1B secretion, increased ASC speck formation, and elevated reactive oxygen
species has also been documented, producing a CAPS-like autoinflammatory picture (PMID:
41365842).

Cellular processes. Defective apoptotic-cell clearance (efferocytosis), lysosomal
dysfunction, macrophage proliferation/activation, chronic inflammation, and oxidative
stress (elevated ROS). Suggested GO biological-process terms: nucleoside transmembrane
transport (G0:1901642), toll-like receptor signaling pathway (G0:0002224), MAPK cascade
(GO:0000165), lysosomal transport (GO:0007041), apoptotic cell clearance (G0:0043277), type I
interferon production (G0:0032606), macrophage activation (G0:0042116), inflammatory
response (G0O:0006954).

Protein dysfunction. hENT3 is an acidic pH-activated lysosomal transporter partially
localized to mitochondria (PMID: 28729424): "hENT3 is an acidic pH-activated lysosomal
transporter partially localized to mitochondria.” Disease mutations cause loss of transport,
mistrafficking, and reduced protein stability (PMID: 20595384).

Metabolic changes. Intralysosomal accumulation of nucleosides (adenosine and others;
CHEBI:16335 adenosine, CHEBI:33838 nucleoside). H syndrome is now framed as a lysosomal
storage disorder rather than a mitochondrial DNA depletion syndrome — respiratory chain
complex activity and mtDNA content were normal in patient cells (PMID: 23058913).

Immune system involvement. Central. The disease is fundamentally an autoinflammatory/
histiocytic disorder with a type I interferon signature, NLRP3/IL-1p activation, elevated acute-
phase reactants (ESR, CRP), and IL-6-driven inflammation. Some patients show selective IgG
subclass deficiency and autoimmune hepatitis (PMID: 29041934).

Tissue damage mechanisms. Histiocytic infiltration, dermal fibrosis/sclerosis, oxidative
stress, and chronic inflammation lead to organ-specific damage (e.g., retroperitoneal/
pericardial fibrosis, dermal induration).

Mouse model mechanism. Ent3-null mice develop spontaneous, progressive, macrophage-
dominated histiocytosis due to defective apoptotic cell clearance, lysosomal nucleoside
buildup, elevated intralysosomal pH, and altered macrophage function (PMID: 22174130):
"mice lacking the equilibrative nucleoside transporter 3 (ENT3) developed a spontaneous and
progressive macrophage-dominated histiocytosis. In the absence of ENT3, defective apoptotic cell
clearance led to lysosomal nucleoside buildup, elevated intralysosomal pH, and altered
macrophage function.”

Cell types (CL) involved: macrophage (CL:0000235), histiocyte, monocyte (CL:0000576), CD14+
cell, dendritic-lineage histiocytes.
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7. Anatomical Structures Affected

Organ level — primary: skin (UBERON:0002097), lymph nodes (UBERON:0000029), liver
(UBERON:0002107), spleen (UBERON:0002106), endocrine/exocrine pancreas
(UBERON:0001264), gonads/testis (UBERON:0000473), inner ear/cochlea (UBERON:0001690),
heart (UBERON:0000948), eye/sclera (UBERON:0000970 / UBERON:0001777), bone and joints
(UBERON:0002481 / UBERON:0000982).

Secondary / systemic: cardiovascular (pulmonary arterial hypertension, varicose veins, IVC
malformations — e.g., azygos continuation of the IVC PMID: 40450437), retroperitoneum
(fibrosis), lungs/pleura (effusion, infiltrates), pericardium (thickening).

Body systems: integumentary, lymphoreticular/hematopoietic, endocrine, cardiovascular,
nervous (auditory), musculoskeletal, reproductive, ocular, gastrointestinal.

Tissue/cell level: dermis and subcutaneous fat (histiocytic + perivascular mononuclear
infiltrate with plasma cells and mast cells); the key targeted cell populations are macrophages/
histiocytes (CL:0000235) and monocytes.

Subcellular level: lysosome (G0:0005764) — the primary site of dysfunction; lysosomal
membrane (GO:0005765); endosome (GO:0005768); mitochondrion (G0:0005739) — partial
localization; plasma membrane transport also affected.

Localization / lateralization: Cutaneous lesions are characteristically bilateral and
symmetric, involving the inner thighs and shins while often sparing joints; hearing loss is
bilateral (occasionally asymmetric onset). Lymphadenopathy is frequently cervical.

8. Temporal Development

Onset. Typically congenital to childhood onset. Many features (cutaneous changes,
contractures, hearing loss, growth failure) appear within the first years of life; endocrine
features (diabetes, hypogonadism) often manifest in later childhood/adolescence. Onset
pattern is insidious/chronic.

11
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Progression. The disease is chronic and progressive, with lifelong duration. Cutaneous
induration extends over time; hearing loss is progressive; contractures worsen; systemic
inflammation is persistent with episodic flares. In the Ent3-null mouse, histiocytosis is
explicitly "spontaneous and progressive" (PMID: 22174130).

Disease course pattern. Chronic-progressive with superimposed episodic/relapsing
inflammatory flares (recurrent fevers, lymphadenopathy with colliquation, acute-phase
reactant surges).

Remission / critical periods. No spontaneous remission; treatment-induced improvement is
achievable with immunomodulators (tocilizumab, MEK inhibitors, JAK inhibitors/
hydroxychloroquine). Early diagnosis and treatment represent a critical window — reviews
suggest the possibility of preventing short stature and other complications with earlier
intervention (PMID: 35495792).

9. Inheritance and Population

Epidemiology. Ultra-rare — fewer than 100 patients reported worldwide (PMID: 42266385;
PMID: 29041934). Precise prevalence/incidence figures are not established; Orphanet lists it as
an orphan disease. The condition is considered vastly underdiagnosed.

Inheritance. Autosomal recessive (HP:0000007). Biallelic SLC29A3 pathogenic variants are
required.

Penetrance & expressivity. Penetrance for the biochemical/histiocytic defect appears high,
but expressivity is highly variable — even identical genotypes yield markedly different
phenotypes (PMID: 34657628). Some homozygotes present with only isolated progressive
sensorineural hearing loss and a single cervical node (PMID: 21888995): "SLC29A3 mutations
appear to be involved in a large phenotypic continuum which should prompt physicians to study
this gene even in mild clinical presentations.”

Genetic anticipation: Not applicable (not a repeat-expansion disorder). Germline mosaicism:
Not reported. Founder effects & consanguinity: Strong. Most families are consanguineous,
with population-specific/founder alleles in Arab, North African, Middle Eastern, and South
Asian populations. A PHID case series confirmed universal consanguinity with North-African
and Middle-Eastern origins (PMID: 38163427): "All of them had consanguinity in their families,
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and their origins were located in North-African and Middle Eastern regions.” Carrier frequency:
Consistent with gnomAD LoF tolerance; no specific carrier-frequency estimate established, but
elevated in consanguineous communities.

Population demographics. Predominantly Arab descent, plus North African, Middle Eastern,
South Asian (e.g., Faisalabad/Pakistani), Turkish, and Iranian; a minority are of Northern
European/Caucasian descent — three Caucasian patients had been described as of 2017 (PMID:
29041934). Sex ratio is approximately equal (recessive), though male-specific features
(azoospermia, micropenis, scrotal masses) and female-specific reproductive effects differ in
expression. Age distribution: predominantly children, adolescents, and young adults at
diagnosis.

10. Diagnostics

Clinical/laboratory tests. Elevated inflammatory markers (ESR, CRP), hyperferritinemia (can
mimic systemic JIA — PMID: 37483481), hyperglycemia, endocrine panels showing
hypergonadotropic hypogonadism, growth hormone deficiency, and pancreatic exocrine
insufficiency. Functional immunology assays (IL-1p secretion, ASC speck formation, ROS, type I
interferon signature) can support diagnosis in atypical cases (PMID: 41365842).

Biopsy/histopathology. Skin biopsy is highly informative: hyperpigmentation of the basal
layer, seborrheic-keratosis-like acanthosis, histiocytic infiltration, and perivascular
mononuclear infiltrate with plasma cells and mast cells throughout dermis and
subcutaneous fat (PMID: 18410979); immunohistochemistry shows CD68+ (macrosialin+)
histiocytes (PMID: 39090021).

Imaging. Abdominal ultrasound (hepatosplenomegaly, lymphadenopathy), echocardiography
(septal defects, pulmonary hypertension, valve insufficiency), CT (retroperitoneal fibrosis, IVC
anomalies, pericardial thickening). Imaging is valuable for detecting rare vascular
malformations (PMID: 40450437).

Genetic testing — the definitive diagnostic. Whole-exome sequencing (WES) and whole-
genome sequencing (WGS) are the primary diagnostic tools; multiple case series diagnosed
patients by WES (PMID: 29041934) and WGS (PMID: 35732361). Targeted single-gene SLC29A3
sequencing and histiocytosis/autoinflammatory gene panels are appropriate. Detection of
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exon-level deletions may require qPCR/MLPA or CMA (PMID: 41365842). Mitochondrial DNA
testing is not indicated (H syndrome is not an mtDNA depletion syndrome — PMID:
23058913).

Clinical criteria & differential diagnosis. No formal consensus diagnostic criteria exist;
diagnosis rests on the characteristic clinical constellation plus molecular confirmation. Key
differentials (with distinguishing features): - Cryopyrin-associated periodic syndrome (CAPS)
— overlapping NLRP3/IL-1B activation but distinguished by SLC29A3 genetics (PMID:
41365842) - Systemic juvenile idiopathic arthritis — hyperferritinemia/neutrophilic dermatosis
overlap (PMID: 37483481) - Type 1 diabetes — the SLC29A3 spectrum can present as apparent
T1D with atypical comorbidities and no skin signs (PMID: 35284993): "SLC29A3 spectrum
disorder should be included in the differential diagnosis of diabetes with atypical comorbidities,
even when the distinctive dermatological hallmarks of SLC29A3 spectrum disorder are entirely
absent.” - Rosai-Dorfman disease, scleroderma, other histiocytoses.

Screening. In consanguineous families, cascade genetic testing and carrier testing are
appropriate. There is no population newborn screening. A low threshold for genetic analysis is
recommended when consanguinity plus atypical diabetes/dysmorphic/hematologic features co-
occur (PMID: 38163427).

11. Outcome / Prognosis

Survival/mortality. H syndrome is generally not rapidly life-limiting; most patients survive
into adulthood. No formal survival statistics exist given rarity. Mortality risk arises from
complications (severe systemic inflammation, cardiopulmonary involvement/pulmonary
hypertension, infections, and end-organ fibrosis).

Morbidity and function. Morbidity is high: insulin-dependent diabetes, progressive
sensorineural deafness, infertility, growth failure/short stature, deforming arthritis and
contractures impairing mobility, disfiguring skin disease, and chronic pain. Prognosis depends
on the extent and severity of manifestations, presence of complications, and timeliness of
diagnosis/management (PMID: 39412751).

Disease course/complications. Retroperitoneal fibrosis, pericardial thickening, pulmonary
hypertension, tricuspid valve insufficiency, pleural effusions/pneumonia, IVC anomalies, and
autoimmune hepatitis. Recovery of established structural damage (e.g., deafness, contractures,
fibrosis) is limited, but inflammatory manifestations can respond to targeted therapy.
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Prognostic factors. Earlier diagnosis and initiation of immunomodulatory therapy may
improve outcomes (potential prevention of short stature and other complications — PMID:
35495792). A high interferon score identifies patients likely to respond to JAK inhibition/
hydroxychloroquine (PMID: 38263041). No validated molecular prognostic biomarker beyond
acute-phase reactants and interferon signature.

12. Treatment

Management is multidisciplinary and historically symptomatic, but mechanism-directed
immunomodulation is increasingly effective. Suggested MAXO terms are noted.

15


https://pubmed.ncbi.nlm.nih.gov/35495792/
https://pubmed.ncbi.nlm.nih.gov/35495792/
https://pubmed.ncbi.nlm.nih.gov/38263041/

OpenScientist Report

Therapy Mechanism / target Evidence MAXO (suggested)

Resolution of

. Blocks MAPK histiocytosis and targeted therapy /
MEK inhibitor ) .
. downstream of TLR inflammation in an pharmacotherapy
(trametinib-class) o .
activation H syndrome patient (MAX0:0000058)

(PMID: 37738562)

Marked
improvement in
systemic
. ) inflammation and ) .
Tocilizumab (anti- immunosuppressive/
IL-6 blockade growth (PMID: . .
IL-6R mAb) biologic therapy

29041934); PHID
(PMID: 29079714);
two cases (PMID:
37638031)

Rapid, persistent

c . . normalization of
Baricitinib (JAK

o Blocks interferon inflammatory
inhibitor) + . .
] signaling / lysosomal markers and pharmacotherapy
hydroxychloroquine .
T TLR7 dramatic symptom
(TLR7 inhibition) )
Improvement
(PMID: 38263041)
Partial/temporary
Corticosteroids Broad anti- benefit; flares on
. . pharmacotherapy
(prednisone) inflammatory taper (PMID:
29041934)
) Partial responses,
Methotrexate, Immunosuppression .
L. often combined pharmacotherapy
azathioprine (DMARD)
(PMID: 38263041)
Partial response in
TNF inhibitors Anti-TNF some (PMID: biologic therapy
29041934)
Partial response in
IL-1 blockade Anti-TL-1 CAPS-mimicking biologic therapy
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Therapy Mechanism / target Evidence MAXO (suggested)
case (PMID:
41365842)
Standard for
. . . hormone replacement
Insulin Glycemic control diabetes (PMID:
therapy
38093297)
Symptom
Hormone .
Testosterone / improvement hormone replacement
. replacement for
estradiol ] (PMID: 38093297, therapy
hypogonadism
PMID: 42266385)
Near-permanent
. . control of ]
Hair-removal laser Cosmetic ] . therapeutic procedure
hypertrichosis

(PMID: 35495792)

Antibiotics for

. . infections, oxygen, .
Supportive care Symptom-directed : supportive care
physiotherapy, GH

where indicated

Pharmacogenomics: none established. Advanced therapeutics (gene/cell/RNA therapy):
none approved; the recessive loss-of-function mechanism makes SLC29A3 a conceptual gene-
replacement target, but no clinical programs exist. Treatment strategy: individualized, guided
by the dominant inflammatory phenotype; IL-6 blockade and MEK/JAK-pathway inhibition
are the most mechanistically rational and best-supported targeted options, and reviews
emphasize early treatment to limit complications (PMID: 35495792).

13. Prevention
* Primary prevention: Not possible for an individual once genotype is set; at the population

level, genetic counseling regarding consanguinity and carrier awareness reduce
recurrence risk.
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» Secondary prevention: Cascade genetic testing in affected families for early
identification; early monitoring for diabetes, hearing loss, cardiac and endocrine
complications.

 Tertiary prevention: Inmunomodulatory therapy and multidisciplinary surveillance to
prevent progression/complications (growth failure, fibrosis).

» Genetic screening / reproductive options: Carrier testing, prenatal diagnosis, and
preimplantation genetic diagnosis are applicable given the known recessive gene and
family-specific mutations. Genetic counseling is a core recommendation across case reports
(PMID: 40450437).

 Immunization / public health / environmental interventions: Not applicable (non-
infectious, non-environmental disease). Standard infection prophylaxis is prudent given
immune dysregulation.

14. Other Species / Natural Disease

* Taxonomy / orthologs: Conserved orthologs of human SLC29A3 span major model taxa
(Alliance of Genome Resources): mouse Slc29a3 (MGI:1918529; NCBIGene:233979), rat
Slc29a3 (RGD:727811), zebrafish slc29a3 (ZFIN:ZDB-GENE-081107-66), Xenopus tropicalis
slc29a3 (Xenbase XB-GENE-5941647), Drosophila Ent1 (FBgn0031250), C. elegans ent-1
through ent-7, and yeast FUN26 (SGD:S000000020).

» Natural disease in other species: No naturally occurring SLC29A3-driven H-syndrome-
equivalent disease is documented in companion animals or wildlife (no established OMIA
entry identified); the disease is defined by engineered/knockout models rather than
spontaneous animal disease.

» Comparative biology: The mouse knockout recapitulates the core macrophage/
histiocytosis mechanism, indicating evolutionary conservation of the lysosomal
nucleoside-transport - macrophage-homeostasis pathway (PMID: 22174130).

* Transmission / zoonotic potential: None (genetic disease).
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15. Model Organisms

* Primary model — Ent3/Slc29a3-knockout mouse (MGI:1918529). The knockout develops
spontaneous, progressive, macrophage-dominated histiocytosis with defective
apoptotic-cell clearance, lysosomal nucleoside buildup, elevated intralysosomal pH, and
altered macrophage function (PMID: 22174130) — recapitulating the central histiocytic and
lysosomal pathophysiology of human disease.

* In vitro / patient-derived models: Patient primary skin fibroblasts and B-lymphoblastoid
cell lines have been used to assay transport function and mitochondrial parameters (PMID:
23058913); heterologous expression systems characterized transport, trafficking, and
stability of mutant hENT3 (PMID: 20595384; PMID: 28729424); patient CD14+ monocytes
used for functional immunology (IL-1B, ASC specks, ROS, IFN signature) (PMID: 41365842).

* Phenotype recapitulation & limitations: The mouse strongly reproduces histiocytosis and
lysosomal dysfunction (the core mechanism and a validated therapeutic testbed), but does
not fully model the multisystem "H" endocrine, cutaneous, skeletal, and auditory
features of human disease. No zebrafish/Drosophila disease model is established despite
ortholog conservation.

* Model databases: MGI, IMPC/KOMP, RGD, ZFIN, FlyBase, WormBase, SGD, Cellosaurus.

Mechanistic Model / Interpretation

The seven confirmed findings integrate into a single coherent causal narrative. F001
establishes the genetic root: biallelic SLC29A3 loss-of-function mapped to 10q22.1. F003 and
F007 define the normal biology (acidic-pH lysosomal/mitochondrial nucleoside transporter;
LoF-tolerant in heterozygotes, hence recessive) and confirm that disease mutations abolish
transport via mistrafficking or instability. FO02 supplies the pathogenic engine: in the absence
of hENT3, nucleosides accumulate in lysosomes, raise intralysosomal pH, impair apoptotic-cell
clearance, and activate nucleoside-sensing TLR7/TLR—MAPK signaling plus M-CSF signaling —
driving macrophage/histiocyte expansion and systemic autoinflammation, a mechanism
validated in both human cells and the Ent3-null mouse. F004 and F005 capture the clinical
output: a pleiotropic, highly variable multisystem phenotype in which even identical
mutations yield discordant presentations, and which extends beyond classic H syndrome to
PHID, FHC, RDD, dysosteosclerosis, and skin-sign-negative diabetes-predominant forms. F006
anchors the phenotype in curated HPO frequencies.
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The clinical implication is direct: because the downstream drivers (TLR7, MAPK/MEK, IL-6,
interferon) are individually druggable, the disease is increasingly treatable with MEK
inhibitors, tocilizumab, and JAK inhibitor + hydroxychloroquine, even though the
upstream transporter defect cannot yet be corrected. The lysosomal-storage framing (rather
than mitochondrial) correctly redirects both diagnostics (mtDNA testing not indicated) and
therapeutic thinking toward innate-immune modulation.
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PMID Contribution Role

20140240 Maps disease to 10q22.1; identifies biallelic SLC29A3 Foundational — causal
mutations; defines hENT3/adenosine gene (F001)

s Original 2008 delineation of "H syndrome" in 10 Arab Foundational — clinical
patients entity

37738562 TLR-MAPK mechanism; MEK inhibitor resolves Key mechanism +
histiocytosis therapy (F002)

D Ent3-null mouse; lysosomal nucleoside buildup, T pH, Key mechanism (model,
macrophage histiocytosis F002)
hENTS3 is acidic-pH lysosomal transporter, partly o

28729424 i ) Protein biology (F003)
mitochondrial

Functional consequence

20595384  Mutants lose transport; mistrafficking/instability (F003)

Not an mtDNA depletion syndrome; lysosomal storage ) ) )
23058913 framing Mechanism clarification
ramin

Variable expressivity

34657628  Identical mutation — H syndrome vs RDD in one family (F004)

. . . Phenotypic continuum
21888995  Very mild phenotype (isolated hearing loss + node)

(FO04)
22238637  Splice-rescue hypomorph — mild phenotype Molecular modifier
35284993  Skin-sign-negative T1D-mimicking presentation Spectrum breadth (F005)
38965556  Dysosteosclerosis in spectrum; novel start-loss variant Spectrum breadth (F005)
TLR7/interferon; baricitinib + hydroxychloroquine )
38263041 Mechanism + therapy
efficacy
41365842 NLRP3/IL-1B/ROS; CAPS mimic; exon-2 deletion Mechanism + diagnostics

29041934  US case series; tocilizumab (IL-6) efficacy; novel features Therapy + phenotype

Phenotype + therapy

37638031 Cardinal "H" features; tocilizumab cases
(FO04)

39412751  Comprehensive literature review Synthesis
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PMID Contribution Role
35495792  Treatment review; early-treatment rationale Therapy/prognosis
38104646  ENT3 biology in inherited disorders and cancers Protein biology

PHID series; consanguinity/ancestry; autoantibody

38163427 Epidemiology

variability

Limitations and Knowledge Gaps

1. Evidence quality: With <100 reported patients, nearly all clinical data derive from case
reports and small series; there are no randomized trials, no formal prevalence/
incidence figures, and no validated survival statistics. Treatment efficacy claims (MEK
inhibitor, tocilizumab, baricitinib) rest on single-patient or small-cohort observations.

2. Genotype-phenotype relationship is unresolved: the mechanism underlying identical-
mutation discordance is unknown; modifier genes have not been molecularly identified.

3. Mechanistic depth: while the TLR-MAPK/interferon and lysosomal-storage models are
supported, the full causal chain from raised lysosomal pH to specific organ phenotypes (e.g.,
hearing loss, hypogonadism, contractures) is incompletely mapped.

4. Omics data are sparse: no systematic transcriptomic, proteomic, metabolomic, lipidomic,
single-cell, or spatial datasets specific to H syndrome were identified; epigenetic changes
are uncharacterized.

5. Model gaps: the mouse KO captures histiocytosis but not the multisystem endocrine/
skeletal/auditory phenotype; no non-mammalian disease model exists despite ortholog
conservation.

6. Ontology mapping: OMIM/MONDO cross-references are somewhat inconsistent in the
literature (#602782 vs #612391); harmonization is needed.

Proposed Follow-up Experiments / Actions

1. Prospective natural-history registry across international referral centers to establish
incidence/prevalence, penetrance, age-specific complication rates, and validated QoL
(EQ-5D/PROMIS) outcomes.
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2. Genotype-phenotype and modifier study: combine deep phenotyping with WGS and
transcriptomics in discordant families/siblings to identify genetic/epigenetic modifiers of
expressivity.

3. Biomarker-stratified therapeutic trials: basket trial stratifying patients by interferon
score, IL-6, and MAPK activation to formally test MEK inhibitors, tocilizumab, and JAK
inhibitor + hydroxychloroquine (leveraging PMID: 37738562, PMID: 38263041).

4. Single-cell/spatial profiling of affected skin, lymph node, and blood macrophages to define
the histiocyte activation state and validate the TLR7-MAPK—M-CSF axis in humans.

5. Improved models: conditional/humanized Slc29a3 mice and patient iPSC-derived
macrophages/organoids to model endocrine, auditory, and skeletal phenotypes and to
screen therapeutics.

6. Preclinical gene/enzyme-restoration exploration given the clean recessive loss-of-
function mechanism.

7. Diagnostic guideline development: consensus criteria and a recommended tiered genetic-
testing pathway (single-gene — panel - WES/WGS, plus MLPA/CMA for exon deletions), plus
formal HPO/MONDO harmonization.

Report compiled from 7 confirmed findings and 32 reviewed publications across a 5-iteration
autonomous investigation. Evidence source types span human clinical (case reports/series),
model organism (Ent3-null mouse), in vitro (patient fibroblasts/LCLs, heterologous transport
assays), and computational/database (gnomAD constraint, Alliance orthology, HPO curated
annotations).

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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