Progressive Pseudorheumatoid
Arthropathy of Childhood (PPRD): A
Comprehensive Disease Characteristics
Report

Disease: Progressive Pseudorheumatoid Arthropathy of Childhood (synonyms: Progressive
Pseudorheumatoid Dysplasia, PPRD/PPD; Spondyloepiphyseal Dysplasia Tarda with
Progressive Arthropathy, SEDT-PA) Category: Mendelian, autosomal recessive OMIM: 208230 -
Causal gene: WISP3/CCN6 (chr6q22) Suggested MONDO: MONDO:0009215

Summary

Progressive Pseudorheumatoid Arthropathy of Childhood — more commonly termed
progressive pseudorheumatoid dysplasia (PPRD) — is a rare autosomal recessive skeletal
dysplasia caused by biallelic loss-of-function variants in the WISP3/CCN6 gene on
chromosome 6q22. CCN6 encodes a secreted, modular matricellular protein of the CCN family
that modulates BMP and Wnt signaling and supports articular-chondrocyte homeostasis. When
its function is lost, the articular cartilage of multiple joints progressively degenerates in a
noninflammatory fashion, producing the disease's hallmark presentation: symmetric
polyarticular stiffness and enlargement, "knobbly" interphalangeal joints, platyspondyly, short
stature, waddling gait, and early secondary osteoarthritis, with onset typically between ages 3
and 8 years.

The single most clinically important feature of PPRD is that it closely mimics juvenile
idiopathic arthritis (JIA) and is very frequently misdiagnosed as such. Unlike JIA, however,
inflammatory markers (ESR, CRP) are normal and serologies (RF, ACPA, ANA, HLA-B27) are
negative. This distinction matters therapeutically: because the disease is noninflammatory,
immunosuppressants, DMARDs, and biologics are ineffective, and patients are often exposed to
years of unnecessary treatment before the correct molecular diagnosis is established by whole-
exome sequencing or targeted gene panels. Radiographic clues — platyspondyly with



OpenScientist Report

intravertebral herniations, epiphyseal/metaphyseal changes, and enlarged interphalangeal
joints — combined with normal inflammatory parameters and a compatible family history
should prompt molecular testing.

There is currently no disease-modifying pharmacotherapy for PPRD. Management is entirely
supportive: analgesia/NSAIDs, physiotherapy, calcium/vitamin D (with calcitriol for
documented deficiency), genetic counseling, and, for end-stage large-joint disease, joint
arthroplasty, which produces durable functional and quality-of-life gains. Lifespan is
generally normal, but the disability burden is high — roughly half of patients lose independent
ambulation by adolescence. This report synthesizes nine confirmed findings and 36 reviewed
papers into a full disease-characteristics profile spanning etiology, phenotype, molecular
mechanism, epidemiology, diagnosis, prognosis, treatment, prevention, and model systems.

Key Findings

Finding 1 — PPRD is caused by biallelic loss-of-function variants in WISP3/
CCN6 (chr6q22), inherited autosomal recessively

PPRD is a monogenic Mendelian disorder. Multiple independent cohorts have confirmed that
biallelic pathogenic variants in WISP3 (also designated CCNG6), located on chromosome 6q22,
cause the disease through loss of function. As stated directly in the Egyptian cohort report:
"PPRD occurs due to loss of function pathogenic variants in WISP3 (CCN6) gene, located on
chromosome 6q22" (PMID: 37377052).

The mutational spectrum is broad and dominated by single-nucleotide variants and small
indels, with variants concentrated in exons 2, 4, and 5. Representative cohort data are
summarized below:


https://pubmed.ncbi.nlm.nih.gov/37377052/
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A genotype-phenotype correlation has been documented in the Chinese population: "Among
the five hotspot variants, c.624dupA is associated with later onset of disease, more extensive joint
involvement, and a tendency to affect elbow joints" (PMID: 36622578). The Indian founder allele
is likewise well established: "One missense mutation (c.1010G>A; p.Cys337Tyr) appears to be the
most common in our population being seen in 10 unrelated families" (PMID: 22987568). Although
nearly all reported variants are SNVs or small indels, a copy-number deletion in trans with a
single-nucleotide variant has also been reported in monozygotic twins, detected only by
genome sequencing after a 13-year diagnostic odyssey (PMID: 38958524).

Ontology suggestions: Gene HGNC WISP3/CCN6; inheritance HP:0000007 (Autosomal
recessive inheritance).

Finding 2 — PPRD is a noninflammatory progressive arthropathy frequently
misdiagnosed as juvenile idiopathic arthritis

Clinically, PPRD presents in childhood with symmetric polyarticular stiffness and enlargement,
characteristic "knobbly" interphalangeal joints, gait abnormality, platyspondyly, short stature,
and early secondary osteoarthritis with osteoporosis. In the Turkish cohort, median symptom
onset was ~4 years but median age at diagnosis was 9.7 years, underscoring diagnostic delay.
Gait involvement is nearly universal and disability accrues over time: "Waddling gait occurred
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in 97.7% of the patients. A total of 47.7% lost independent walking ability at the median age of 12
years"” (PMID: 34919662). Genu varum before age 3 is described as an early sign of the early-
onset form.

Crucially, laboratory inflammatory markers are normal (ESR/CRP within range) and serologies
are negative (RF, ACPA, ANA, HLA-B27), distinguishing PPRD from true inflammatory
arthritides (PMID: 39539552, PMID: 34749805). Despite this, the clinical resemblance to JIA
leads to frequent misdiagnosis: "Clinical features of progressive pseudorheumatoid dysplasia
resemble those of juvenile idiopathic arthritis. Patients with progressive pseudorheumatoid
dysplasia are usually misdiagnosed as having juvenile idiopathic arthritis" (PMID: 34749805).
Consequently, patients are often inappropriately treated with methotrexate and biologics
before the correct diagnosis (PMID: 32894151).

Ontology suggestions: HP:0002758 (Osteoarthritis), HP:0001387 (Joint stiffness), HP:0000944
(Platyspondyly), HP:0000939 (Osteoporosis), HP:0002515 (Waddling gait), HP:0004322 (Short
stature), HP:0100360 (Enlarged interphalangeal joints).

Finding 3 — WISP3/CCN6 modulates BMP and Wnt signaling and supports
cartilage homeostasis

The molecular function of CCN6 has been most clearly defined in zebrafish. Overexpression of
zebrafish Wisp3 inhibits both BMP and Wnt signaling by binding BMP ligand and Wnt co-
receptors LRP6/Frizzled; disease-causing amino-acid substitutions reduce this inhibitory
activity, and morpholino knockdown alters pharyngeal cartilage size and shape (PMID:
17823661). As stated: "Overexpression of zebrafish Wisp3 protein inhibited bone morphogenetic
protein (BMP) and Wnt signaling in developing zebrafish."”

In chondrocytes, WISP-3 acts as an autocrine/paracrine ligand and upregulates type II collagen,
aggrecan, and superoxide dismutase (SOD) activity, linking it to both matrix maintenance and
antioxidant defense: "WISP-3 may also promote superoxide dismutase expression and activity in
chondrocytes” (PMID: 16480948). A mechanistic hypothesis proposes that mutant WISP3 loses
its ability to inhibit IGF-1, increasing chondrocyte sensitivity to IGF-1 and driving a shift
toward hypertrophic differentiation and apoptosis (PMID: 17363178).

Notably, the mouse model does not recapitulate the disease: "in mice there is no apparent
phenotype caused by Wisp3 deficiency or overexpression” (PMID: 17823661) — a critical
limitation for translational research (see Model Organisms, Section 15).
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Ontology suggestions: G0:0030509 (BMP signaling pathway), GO:0016055 (Wnt signaling
pathway), GO:0051216 (cartilage development), GO:0005520 (insulin-like growth factor
binding); CL:0000138 (chondrocyte).

Finding 4 — No disease-modifying pharmacotherapy exists; management is
supportive, with joint replacement effective for end-stage disease

There is no specific pharmacological treatment for PPRD; care is supportive — analgesia/
NSAIDs, physiotherapy, calcium/vitamin D, calcitriol, and genetic counseling (PMID: 38862149,
PMID: 34674084). Because the disease is noninflammatory, immunosuppressants and DMARDs
are ineffective (PMID: 37417608). As stated plainly: "Its diagnosis is only confirmed by genetic
testing, and no specific pharmacological treatment is still available” (PMID: 38862149).

For end-stage hip and knee disease, total joint arthroplasty provides durable benefit. In four
genetically confirmed PPRD patients undergoing total hip arthroplasty, functional and quality-
of-life scores improved substantially: "Harris Hip Score increased from 39.67 + 9.73 points
preoperatively to 91.67 + 4.32 points postoperatively (p < 0.05); Short Form 36 increased from
19.67 + 1.53 points preoperatively to 71.33 + 3.06 postoperatively (p < 0.05)" at a mean follow-up
of 47.9 months, with no aseptic loosening (PMID: 31876842). Multi-joint replacement (bilateral
hips, knees, and ankle) has restored function even in young patients (PMID: 38681928, PMID:
38862149). Calcitriol for documented low 25-OH vitamin D stabilized or improved joints in a
small series (PMID: 34674084).

Ontology suggestions: NCIT:C157866 (Total Hip Arthroplasty), NCIT:C51765 (Physical
Therapy), NCIT:C1898 (Calcitriol/Vitamin D), NCIT:C1505 (Calcium supplement).

Finding 5 — PPRD is a rare disease (~1 per million estimated),
underdiagnosed, with founder variants in consanguineous populations

The estimated prevalence is approximately 1 per 1,000,000, but this figure is widely regarded
as an underestimate due to frequent misdiagnosis as JIA: "Prevalence underestimated as one per
million and most of the cases remain undiagnosed or treated as Juvenile Idiopathic Arthritis
(JIA)" (PMID: 36550675). The largest cohorts derive from consanguineous or endemic
populations — India, China, Turkey, and Egypt — each with population-specific hotspot/
founder alleles (c.1010G>A in India, c.156C>A in 53.3% of Turkish families, c.624dupA in
China). Autosomal recessive inheritance means consanguinity elevates risk.
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The radiographic hallmarks that support diagnosis are well documented: "Radiographic and
magnetic resonance imaging of the cases revealed typical features characteristic for PPD-like
platyspondyly, multiple intravertebral herniations, changes in metaphyses and epiphysis" (PMID:
15877179).

Finding 6 — WISP3/CCN6 is a secreted matricellular CCN-family protein with
modular IGFBP-VWC-TSP1-CT domains; disease variants disrupt conserved
cysteines

CCN6 (WISP3) is one of six CCN matricellular proteins (CCN1-CCN6). Each shares a conserved
modular architecture: "The proteins consist of 4 motifs, a signal peptide (for secretion) followed
consecutively by the IGFBP, VIWC, TSP1 and CT (C-terminal cysteine knot domain) motifs" (PMID:
27517291). These modules mediate binding to growth factors, extracellular matrix, integrins,
and receptors. The N-terminal IGFBP-like module is the structural basis for the proposed IGF-1
sensitization mechanism (PMID: 17363178).

Many PPRD-causing variants are nonsense or frameshift changes producing loss of function,
while missense variants frequently substitute conserved cysteines that form the disulfide
bonds stabilizing these modules (e.g., p.Cys52% p.Cys337Tyr, p.C54fs) (PMID: 22987568, PMID:
34919662, PMID: 37377052).

Ontology suggestions: G0:0005576 (extracellular region), GO:0005520 (insulin-like growth
factor binding), GO:0031012 (extracellular matrix).

Finding 7 — PPRD belongs to a group of skeletal-dysplasia "rheumatic
mimics" requiring molecular diagnosis to avoid misclassification as JIA

PPRD is one of several genetic skeletal dysplasias whose musculoskeletal presentation mimics
rheumatic disease. In a Southeastern Turkey cohort of 47 individuals from 22 families with
noninflammatory musculoskeletal complaints, molecular testing identified PPRD in 7 patients
alongside other JIA mimics: Camptodactyly-Arthropathy—-Coxa Vara-Pericarditis syndrome
(n=12, PRG4), Hereditary Multiple Exostoses (n=9), Trichorhinophalangeal syndrome (n=5),
Spondyloenchondrodysplasia with immune dysregulation (n=6), Pseudoachondroplasia (n=3,
COMP), MPS VI, and others (PMID: 40626694). As the authors note: "Their musculoskeletal
manifestations frequently mimic those of rheumatic diseases, especially Juvenile Idiopathic
Arthritis (JIA), complicating accurate diagnosis”, and "Progressive Pseudorheumatoid Dysplasia
(n =7)"was confirmed molecularly.
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A PPRD-like phenotype can also arise from a heterozygous COL2A1 variant, producing a type II
collagenopathy overlapping with SED Stanescu type — an important differential to consider
when WISP3 testing is negative (PMID: 26183434).

Finding 8 — Wide expressivity from severe early-onset to delayed adult
presentation; spinal canal stenosis may require surgery

Although classic onset is between 3 and 8 years — "characterized by pain, stiffness and
enlargement of multiple joints with an age of onset between 3 and 8 years old” (PMID: 29246200)
— the phenotype spans a wide clinical spectrum. At the severe end, neglected early-onset cases
present with marked muscle wasting and weakness (PMID: 29258992); at the mild end, delayed
adult presentations occur, such as a 35-year-old man with a ~20-year history diagnosed via
compound WISP3 variants (c.670dupA + ¢.756C>A/p.Cys252*) (PMID: 29246200) and a 53-year-
old affected relative in an Iraqi-Jewish family carrying p.C86F (PMID: 30922245).

Spinal involvement can progress to canal stenosis requiring surgery: "we present a Chinese
man with PPD who underwent spinal surgery twice because of canal stenosis and related
symptoms caused by the disease” (homozygous ¢.395G>A/p.C132Y; PMID: 30635069). Severe
early scoliosis has also been reported (PMID: 26991965). Across the literature, diagnosis is
repeatedly established by WES or gene panels once clinical suspicion is high (PMID: 30922245,
PMID: 29258992, PMID: 32894151).

Ontology suggestions: HP:0002826 (Spinal canal stenosis), HP:0002650 (Scoliosis), HP:0002751
(Kyphoscoliosis).

Finding 9 — No disease-modifying drug pipeline, pharmacogenomic
markers, or validated omics biomarkers exist (evidence gap)

Targeted literature searches for therapeutic-target/drug-development, chondroprotection, and
disease-modifying pharmacotherapy in PPRD return no primary reports; reviews and case
series consistently affirm that no specific pharmacological treatment exists (PMID: 38862149,
PMID: 30327864). No registered disease-specific interventional trials of disease-modifying
agents were identified. There are no established transcriptomic, proteomic, or metabolomic
patient biomarkers; the only mechanistic omics-adjacent work is in vitro chondrocyte
regulation of collagen II/aggrecan/SOD (PMID: 16480948) and a 2025 study of the molecular
consequences of CCN6 variants (PMID: 41009407). Pharmacogenomics is not applicable
because there is no disease-specific drug therapy.
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Section-by-Section Disease Profile

1. Disease Information

PPRD is a rare, autosomal recessive, noninflammatory skeletal dysplasia characterized by
progressive degeneration of articular cartilage across multiple joints, producing pain, stiffness,
joint enlargement, platyspondyly, and short stature. Key identifiers: OMIM 208230; suggested
MONDO:0009215; the gene is WISP3/CCN6. Synonyms/alternative names: Progressive
Pseudorheumatoid Dysplasia (PPRD/PPD); Spondyloepiphyseal Dysplasia Tarda with
Progressive Arthropathy (SEDT-PA); Arthropathy, Progressive Pseudorheumatoid, of Childhood
(APPRC). Information is derived primarily from aggregated disease-level resources — cohort
studies, case series, and case reports — rather than EHR-derived individual patient records.

2. Etiology

The primary cause is genetic: biallelic loss-of-function variants in WISP3/CCN6 (Finding 1). No
environmental, infectious, or mechanical cause initiates the disease. Genetic risk factors: the
causal variants themselves; population-specific founder/hotspot alleles increase incidence in
certain groups (c.1010G>A India, c.156C>A Turkey, c.624dupA China). Environmental risk/
protective factors: none established; consanguinity is a demographic risk factor for recessive
disease inheritance. Vitamin D deficiency is a modifiable comorbidity that may worsen skeletal
outcomes and should be corrected (PMID: 34674084). No gene-environment interactions are
documented.

3. Phenotypes

Core phenotypes (with suggested HPO terms and qualitative frequency):
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Phenotype Frequenc
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. , . . . 97.7% (PMID:
Waddling gait Clinical sign HP:0002515 Childhood
34919662)
Loss of independent . 47.7% by
. Functional — Adolescence .
ambulation median age 12
Platyspondyly /
intravertebral Radiographic HP:0000944 Childhood Frequent
herniations
Short stature Physical HP:0004322 Childhood Frequent
Early secondary o Childhood-
. Clinical HP:0002758 Frequent
osteoarthritis adolescence
Osteoporosis / reduced Laboratory/ .
. . HP:0000939 Childhood Frequent
BMD Imaging
Genu varum (early- . .
Physical HP:0002970 <3yr Early sign
onset form)
Spinal canal stenosis / o HP:0002826 / .
L Complication Variable Subset
scoliosis HP:0002650
Normal inflammatory ..
Laboratory — — Characteristic

markers/serology

Quality of life: substantial impairment — chronic pain, progressive joint contracture, and loss
of ambulation in ~half of patients by adolescence markedly reduce daily functioning;
arthroplasty improves SF-36 scores dramatically (PMID: 31876842).
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4. Genetic/Molecular Information

Causal gene: WISP3/CCN6 (OMIM 603400), chr6q22. Variant classification: the majority are
pathogenic/likely pathogenic per ACMG/AMP; >70 variants reported, concentrated in exons 2,
4, and 5 (PMID: 30327864). Variant types: nonsense, frameshift, missense (frequently
conserved-cysteine substitutions), splice-site, and — rarely — copy-number deletions (PMID:
38958524). Allele frequency: individually very rare in gnomAD; founder alleles enriched
regionally. Origin: germline. Functional consequence: loss of function (Findings 1, 6). Intronic
splice variants may require mRNA analysis from cultured skin fibroblasts when genomic-DNA
screening is negative (PMID: 30327864). Modifier genes: none firmly established, though
genotype (e.g., c.624dupA) correlates with onset timing. Incidental MEFV variants have been
co-reported but are not modifiers of PPRD per se (PMID: 32894151). Epigenetics /
chromosomal abnormalities: none characteristic.

5. Environmental Information

Not applicable as a cause — PPRD is monogenic. No environmental toxins, lifestyle factors, or
infectious agents contribute to onset. Vitamin D status is the only modifiable environmental co-
factor relevant to management.

6. Mechanism / Pathophysiology

Molecular pathways: CCN6 normally inhibits BMP and Wnt signaling and supports
chondrocyte matrix synthesis (type II collagen, aggrecan) and antioxidant defense (SOD)
(Findings 3, 6). Proposed causal chain: loss-of-function CCN6 — dysregulated BMP/Wnt
signaling and increased chondrocyte sensitivity to IGF-1 — shift of articular chondrocytes
toward hypertrophic/terminal differentiation and apoptosis, with reduced type II/IX collagen —
progressive noninflammatory cartilage degeneration — secondary osteoarthritis, joint
enlargement, platyspondyly, and disability (PMID: 17363178, PMID: 16480948). Cellular
processes: chondrocyte apoptosis, hypertrophic differentiation, matrix homeostasis failure,
possible oxidative stress (loss of SOD support). Immune involvement: none — the disease is
noninflammatory. Metabolic changes: none characteristic beyond local cartilage matrix
metabolism.
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LOF CCN6/WISP3 (biallelic)

v
Loss of BMP/Wnt inhibition + increased IGF-1 sensitivity

v
Articular chondrocyte hypertrophic shift - apoptosis

v
Progressive NON-inflammatory cartilage degeneration

I Enlarged interphalangeal joints, joint stiffness
— Platyspondyly, intravertebral herniation, short stature
L— Early secondary osteoarthritis - disability / loss of ambulation

GO/CL suggestions: G0:0030509 (BMP signaling), GO:0016055 (Wnt signaling), GO:0051216
(cartilage development), GO:0006915 (apoptotic process); CL:0000138 (chondrocyte),
CL:0000743 (articular chondrocyte).

7. Anatomical Structures Affected

Primary organ/system: the skeletal system, specifically the articular cartilage of multiple
synovial joints (interphalangeal joints, hips, knees, elbows, ankles, shoulders, wrists) and the
vertebral column (platyspondyly, intravertebral herniation, canal stenosis). Secondary
involvement: secondary osteoarthritis, muscle wasting/weakness in severe cases. Tissue/cell
level: hyaline articular cartilage; articular chondrocytes (CL:0000743). Subcellular: the
secreted protein acts extracellularly (GO:0005576, extracellular region/matrix). Localization:
symmetric and bilateral joint involvement 1is characteristicc  UBERON suggestions:
UBERON:0002217 (articular cartilage of joint), UBERON:0001474 (bone element),
UBERON:0001130 (vertebral column), UBERON:0003656 (interphalangeal joint).

8. Temporal Development

Onset: typically pediatric, ages 3-8 years, but ranges from severe early-onset (<3 yr, genu
varum) to delayed adult presentation (PMID: 29246200, PMID: 30922245). Onset pattern:
insidious, chronic. Progression: slowly progressive over years; ~48% lose independent
ambulation by median age 12. Course: progressive, lifelong; no spontaneous remission.
Critical periods: early diagnosis (childhood) is the key window to avoid inappropriate
immunosuppressive treatment and to institute supportive care; end-stage large-joint disease is
the window for arthroplasty.
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9. Inheritance and Population

Inheritance: autosomal recessive. Penetrance: high/complete for biallelic LOF, with variable
expressivity (Finding 8). Prevalence: ~1/1,000,000, likely underestimated (PMID: 36550675,
PMID: 30200995). Founder effects/consanguinity: documented in India, Turkey, China, Egypt,
and an Iraqgi-Jewish family; consanguinity increases risk. Sex ratio: no strong sex bias
reported (autosomal). Anticipation/mosaicism: not features of this disorder.

10. Diagnostics

Laboratory: inflammatory markers (ESR, CRP) normal; RF, ACPA, ANA, HLA-B27 negative — a
key discriminator from JIA. Imaging: skeletal survey / lateral spine radiograph showing
platyspondyly, intravertebral herniations, epiphyseal/metaphyseal changes, and enlarged
interphalangeal joints; MRI may show joint changes (PMID: 15877179). Genetic testing
(definitive): single-gene WISP3 sequencing, skeletal-dysplasia gene panels, or WES/WGS;
genome sequencing detects CNVs missed by other methods (PMID: 38958524); mRNA analysis
from skin-fibroblast culture is needed for intronic splice variants (PMID: 30327864). Clinical
criteria: clinical suspicion from symmetric noninflammatory polyarthropathy + knobbly IP
joints + gait abnormality + normal inflammatory markers + characteristic radiographs,
confirmed molecularly. Differential diagnosis: JIA (primary mimic), Camptodactyly-
Arthropathy-Coxa Vara-Pericarditis syndrome (PRG4), pseudoachondroplasia (COMP),
mucopolysaccharidoses, SED Stanescu-type /| COL2A1 type II collagenopathy, and other skeletal
dysplasias (PMID: 40626694, PMID: 26183434).

11. Outcome/Prognosis

Survival: lifespan is generally normal (PMID: 30200995). Morbidity: high disability —
progressive joint contracture, chronic pain, and loss of independent ambulation in ~48% by
adolescence. Complications: severe secondary osteoarthritis, spinal canal stenosis, scoliosis,
muscle wasting. Quality of life: markedly reduced; substantially improved after arthroplasty
(SF-36 ~20—71) (PMID: 31876842). Prognostic factors: genotype (e.g., c.624dupA - later onset),
age at diagnosis, and access to supportive/surgical care.

12. Treatment

Pharmacotherapy: none disease-modifying; symptomatic analgesia/NSAIDs, calcium/vitamin
D, calcitriol for deficiency (PMID: 34674084). Immunosuppressants/DMARDs/biologics are
ineffective and should be avoided (PMID: 37417608). Surgical/interventional: total hip/knee
arthroplasty and multi-joint replacement for end-stage disease with durable benefit
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(NCIT:C157866); spinal decompression/correction for canal stenosis or scoliosis (PMID:
31876842, PMID: 38681928, PMID: 30635069). Rehabilitative/supportive: physiotherapy,
occupational therapy, mobility aids, pain management. Pharmacogenomics: not applicable.
Experimental: no registered disease-modifying trials identified.

13. Prevention

Primary prevention: genetic counseling for at-risk (especially consanguineous) families;
carrier testing and, where appropriate, prenatal or preimplantation genetic diagnosis once the
familial variant is known. Secondary prevention: early molecular diagnosis to avoid
unnecessary immunosuppression and to initiate timely supportive care. Tertiary prevention:
physiotherapy, vitamin D optimization, and well-timed arthroplasty to preserve function and
prevent complications. No vaccine, behavioral, or population-based public-health intervention
applies.

14. Other Species / Natural Disease

Orthologs of WISP3/CCN6 exist across vertebrates (human, mouse Wisp3, zebrafish wisp3). No
naturally occurring animal disease counterpart is documented (no established OMIA entry
in the reviewed literature). Zebrafish require Wisp3 for normal pharyngeal cartilage
development, whereas mice show no phenotype — a striking species divergence relevant to
evolutionary conservation of the mechanism (PMID: 17823661). No zoonotic or cross-species
transmission applies (non-infectious disease).

15. Model Organisms

Model Phenotype recapitulation Utility PMID
Mouse Wisp3 KO / No apparent phenotype — Limited; a major 17893661
overexpression does not model the disease translational gap
Zebrafish (morpholino Alters pharyngeal cartilage Best available in
knockdown / size/shape; demonstrates vivo system for 17823661
overexpression) BMP/Wnt modulation mechanism
WISP-3 regulates collagen II, Mechanistic
) ) , 16480948,
In vitro chondrocytes aggrecan, SOD; IGF-1 dissection of
I . . 17363178
sensitivity cartilage biology
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The lack of a phenotypic mouse model is the principal limitation for preclinical therapeutic
development; patient-derived iPSC-chondrocytes or organoids represent a logical next step but
were not found in the reviewed literature.

Mechanistic Model / Interpretation

PPRD is best understood as a cartilage-autonomous, noninflammatory chondrodysplasia
driven by loss of a single secreted regulator of joint-cartilage homeostasis. The unifying model
places CCN6/WISP3 at a signaling node that restrains BMP, Wnt, and IGF-1 activity in articular
chondrocytes and simultaneously supports matrix synthesis (type II collagen, aggrecan) and
antioxidant defense (SOD). Biallelic loss of function removes these brakes, tipping
chondrocytes toward hypertrophic terminal differentiation and apoptosis — the same fate
normally reserved for growth-plate chondrocytes, now occurring inappropriately in
permanent articular cartilage. The result is relentless, symmetric cartilage attrition with
secondary osteoarthritis, joint enlargement, and vertebral (platyspondyly) changes, but
without immune-mediated inflammation — which is why serologies and acute-phase
reactants remain normal and why anti-inflammatory/immunosuppressive therapy fails.

This mechanistic picture directly explains the disease's dominant clinical problem —
misdiagnosis as JIA — and its therapeutic corollary: only supportive and reconstructive
(surgical) management alters outcomes, because the primary lesion is structural cartilage loss,
not inflammation. The variable expressivity (severe childhood to mild adult forms) likely
reflects residual/hypomorphic protein function tied to specific genotypes (e.g., c.624dupA -
later onset), a hypothesis supported by cohort genotype-phenotype correlations.
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Evidence Base

PMID Contribution Supports finding
37377052 Egyptian cohort; gene, locus, LOF mechanism, 11 variants F1, F6
36622578 Chinese cohort (105); genotype—-phenotype (c.624dupA) F1
22987568 Indian cohort; founder allele c.1010G>A F1,F6
34919662 Turkish cohort; gait 97.7%, disability, founder c.156C>A F2, F5
34749805 Documents JIA misdiagnosis pitfall F2
17823661 Zebrafish BMP/Wnt modulation; mouse null phenotype F3, F15
16480948 WISP-3 as ligand; SOD, collagen II, aggrecan F3,F9
17363178 IGF-1 sensitization hypothesis F3,F6
31876842 THA outcomes: HHS 40-92, SF-36 20—-71 F4
38862149 No pharmacotherapy; diagnosis genetic only F4,F9
27517291 CCN modular domain architecture F6
40626694 PPRD among genetic rheumatic mimics F7
26183434 COL2A1 PPRD-like phenocopy F7
30635069 Spinal canal stenosis requiring surgery F8
29246200 Age of onset 3-8 yr; delayed adult case F8
36550675 Prevalence ~1/million, underdiagnosis F5
15877179 Radiographic diagnostic features F5
38958524 CNV in trans; GS + deep phenotyping F1
34674084 Calcitriol for vitamin D deficiency F4
30327864 Review; >70 variants; mRNA testing for splice variants F9

Evidence source types span human clinical cohorts and case series (majority), model
organism (zebrafish, mouse), in vitro chondrocyte studies, and computational/genomic
variant analyses.
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Limitations and Knowledge Gaps

1

. No disease-modifying therapy or drug pipeline. All treatment is supportive/surgical; no

targeted agent, RNA therapy, or gene therapy has been trialed (F9).

. No phenotypic mouse model. Wisp3-null mice are asymptomatic, hampering preclinical

development; zebrafish and in vitro chondrocytes are the only usable systems (F3, F15).

. No validated biomarkers. No transcriptomic, proteomic, or metabolomic patient

biomarker exists for diagnosis, staging, or prognosis (F9).

. Prevalence uncertainty. The ~1/million estimate is unreliable due to systematic

misdiagnosis; true prevalence is likely higher (F5).

.Incomplete genotype-phenotype maps. Beyond a few hotspot alleles, determinants of

severity/onset are poorly resolved; modifier genes are unidentified.

. Mechanistic gaps. The IGF-1 sensitization model remains a hypothesis; the precise

postnatal role of CCN6 in cartilage homeostasis is not fully defined.

Proposed Follow-up Experiments / Actions

1.

Develop patient-derived iPSC-chondrocyte and cartilage-organoid models to overcome
the mouse phenotype gap and enable mechanistic dissection and drug screening.

. Test rescue of BMP/Wnt/IGF-1 dysregulation (e.g., pathway modulators) in zebrafish and

iPSC-chondrocyte systems as candidate chondroprotective strategies.

. Establish an international PPRD registry with standardized deep phenotyping and

genome sequencing to refine prevalence, natural history, and genotype—-phenotype
correlations.

. Discover circulating biomarkers — measure CCN6 and cartilage-turnover markers (e.g.,

CTX-II, COMP) longitudinally to enable early diagnosis and progression monitoring.

. Systematize early diagnostic pathways in pediatric rheumatology (normal inflammatory

markers + symmetric noninflammatory polyarthropathy + platyspondyly — reflex WISP3/
panel testing) to shorten diagnostic delay and prevent inappropriate immunosuppression.

. Long-term arthroplasty outcome studies in young PPRD patients to optimize implant

selection, timing, and multi-joint strategies.
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7. Evaluate variant-specific effects (including the newer ¢.348C>A, ¢.676G>C, and CNV
alleles) on protein secretion/function to inform prognosis and future precision approaches.

Report compiled from 9 confirmed findings and 36 reviewed publications across a multi-iteration
autonomous investigation. Ontology suggestions (HPO, GO, CL, UBERON, NCIT, MONDOQO) are
provided throughout to support knowledge-base curation.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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