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Background

Methods

• The patient database was developed by integrating ENPP1 variants 

from a comprehensive literature review, and from natural history studies 

of GACI or ARHR2 patients sponsored by Inozyme Pharma and 

performed at the National Institutes of Health (NCT03478839) and 

Münster University Children’s Hospital (NCT03758534). 

• The comprehensive literature review was performed using Mastermind, 

a database of variants with evidence cited in the medical literature,6 and 

considered all publications indexed from PubMed as of March 25th, 

2021.

• Variants were annotated with variant interpretations and detailed clinical 

and biochemical phenotypes extracted from literature reports and 

clinical testing submission forms.

• The nomenclature for each entry conforms to the Human Genome 

Variant Society (HGVS) guidelines.7

• Variant interpretations were based on the consensus guidelines from 

the American College of Medical Genetics and Genomics and the 

Association for Molecular Pathology.8

Conclusions
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Figure 2. Summary of variant and genotype counts.

Figure 5. ENPP1 variant landscape by type and interpretation. (a) Distribution of all 

variants, color-coded by variant type. (b) Linearized protein structure. (c) Distribution of 

variants by pathogenicity call.

Figure 4. Breakdown of ENPP1 variants from patient database. (a) All ENPP1 variants by type. (b) Pathogenic and likely pathogenic 

variants by type. (c) All variants by pathogenicity call. (d) Missense variants by pathogenicity call.

• The literature revealed 112 GACI and/or ARHR2 patients with at least one ENPP1 variant allele. An additional 43 unpublished cases, as part 

of either natural history study or observed separately at the NIH, were included in the analysis, for a total of 155 patients.

• Among these patients, 111 unique ENPP1 variants and 112 unique genotypes were detected (Fig 2).

• The most common disease manifestations in 127 GACI patients and 56 ARHR2 patients (28 of whom also had GACI) are depicted in Fig 3.

• The most frequent class of variant found in patients were missense (58/111, 52.3%), followed by numerous truncating variants (Fig 4a).

• Of the 111 variants, 70.3% were demonstrably disease-causing based on the aggregated and interpreted evidence (58/111 were 

pathogenic; 20/111 were likely pathogenic) and 26.1% (29/111) were variants of uncertain significance (Fig 4c).

• Of the 49 truncating variants, 43 (87.8%) were categorized as pathogenic. Nearly 60.3% (35/58) of the missense variants were likely 

pathogenic or pathogenic, and 37.9% were variants of uncertain significance (VUS; 22/58). (Fig 4d).

• Notably, the distribution of variant type for all ENPP1 variants (Fig 4a) mirrors the distribution of variant type for pathogenic and likely 

pathogenic designations (Fig 4b), with most variants being missense.

• The distribution of variant types across the protein are depicted in Figure 5. Although pathogenic and likely pathogenic variants exist across 

most regions of the protein, a majority (42/78, 53.8%) are located in the phosphodiesterase domain, followed by those in the nuclease 

domain (26/78, 33.3%).

• ENPP1 Deficiency is a rare, genetic, multi-system mineralization 

disorder caused by loss-of-function variants in the ENPP1 gene.

• The ENPP1 enzyme is involved in the production of extracellular 

pyrophosphate (PPi) and adenosine, potent inhibitors of mineralization 

and neointimal proliferation, respectively.

• Clinical findings in patients with ENPP1 Deficiency include calcification 

of the soft tissue, pathological skeletal mineralization, and vascular 

neointimal proliferation and stenosis. 

• There is significant heterogeneity in the onset, clinical presentation, and 

severity of ENPP1 Deficiency. Most patients are diagnosed with 

generalized arterial calcification of infancy (GACI) and/or autosomal 

recessive hypophosphatemic rickets type 2 (Fig 1).

• The symptoms of ENPP1 Deficiency may be non-specific or resemble 

other diseases, and genetic testing is a critical diagnostic tool.

Objective
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Generalized Arterial Calcification of 

Infancy (GACI)

Autosomal Recessive Hypophosphatemic

Rickets Type 2 (ARHR2)

• Arterial calcification, intimal proliferation

• Severe cardiovascular complications

• >50% mortality by age 6 months1-2

• Skeletal deformities

• Hearing loss

• Joint calcification

• Bone and joint pain

• Mobility impairment

• Joint calcification

To develop a comprehensive database of ENPP1 variants to better 

understand this rare disease and increase the diagnostic yield of genetic 

testing.ENPP1 gene

Figure 1. Most common ENPP1 Deficiency phenotypes1-5 Figure 3. Summary of most frequent disease manifestations • This is the largest analysis of ENPP1 variant data in patients with 

ENPP1 Deficiency (GACI or ARHR2) and published molecular 

findings.

• Study identified 78 pathogenic or likely pathogenic variants, 

representing an 85.7% increase from Clinvar.

• The majority of pathogenic/likely pathogenic variants were located in

the phosphodiesterase or nuclease domain of the ENPP1 enzyme, 

reinforcing that this disease is a consequence of lost enzymatic 

activity.

• Findings will aid in variant interpretation and facilitate diagnosis of this 

rare, heterogeneous disorder, while also informing treatment 

development.

Results

N=155 patients:

-99 GACI only

-28 ARHR2 only

-28 GACI+ARHR2
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