
Objective
• To demonstrate correlation between PPi plasma levels

with multiple disease endpoints using BMN 401 in
murine models of ENPP1 deficiency

Study Design
• Numerous mouse models of ENPP1 deficiency exist. We

used 2 models to assess the effect of BMN 401 on PPi
levels and symptom manifestation
– ENPP1asj/asj with acceleration diet (high phosphate/

low magnesium to promote mineralization)
– ENPP1asj-2J without acceleration diet

• To create a range of plasma PPi levels, 2-week-old mice
were treated with varying doses of BMN 401 or vehicle
every other day for 8 weeks (Figure 2)

Figure 2. Study design
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asj, ages with stiffened joints; ENPP1, ectonucleotide pyrophosphatase/
phosphodiesterase 1; PPi, pyrophosphate; WT, wild type.

• Associations between plasma PPi and outcomes were
determined with a Pearson correlation analysis

Calcification
• Plasma PPi level was significantly inversely correlated with the level of calcification in the liver and kidney in dosed ENPP1asj/asj mice

(Figure 3) and in the liver, kidney, and iliac artery of ENPP1asj-2J mice (Figure 4)

Figure 3. Correlation between PPi level and organ calcification in ENPP1asj/asj mice treated with 
BMN 401
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asj, ages with stiffened joints; ENPP1, ectonucleotide pyrophosphatase/phosphodiesterase 1; PPi, pyrophosphate; WT, wild type.

Figure 4. Correlation between PPi level and organ calcification in ENPP1asj-2J mice treated with 
BMN 401
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Conclusions
• Improvements in plasma PPi levels

are reflective of a reduction in vascular
calcification and restoration of
bone abnormalities

• These data provide crucial evidence
indicating that maintaining PPi within the
normal range is important

• Plasma PPi is significantly positively
correlated with improvements in
bone parameters and significantly
inversely correlated with vascular and
tissue calcification

• PPi is a key pharmacodynamic marker of
efficacy to assess enzyme replacement
therapy in disorders like ENPP1 deficiency
characterized by low PPi
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Introduction
• Ectonucleotide pyrophosphatase/phosphodiesterase 1

(ENPP1) deficiency is a rare autosomal recessive
genetic condition that results in extensive medial
vascular calcification, vascular stenosis, and death in
approximately 50% of patients within the first year of life.1
Those who survive experience lifelong cardiovascular
and skeletal symptoms due to low levels of circulating
pyrophosphate (PPi)2

– The ENPP1 enzyme is essential to the PPi-adenosine
pathway, which converts adenosine triphosphate
(ATP) to PPi and adenosine monophosphate (AMP),
which is further broken down to adenosine by the
action of CD731,3

– PPi and adenosine are essential for maintaining
bone and blood vessel health4-6

• INZ-701 (BMN 401), a Fc fusion protein containing
recombinant ENPP1 to cleave ATP and restore
circulating PPi and AMP levels, is currently under
investigation for treatment of ENPP1 deficiency and
other disorders caused by low PPi (Figure 1)7

• Treatment with BMN 401 in ENPP1-deficient mice
normalized PPi levels, protected against vascular
calcification, and prevented bone abnormalities7,8

• Though PPi levels are clearly associated with disease
(ie, low levels are associated with ENPP1 deficiency
and high levels with hypophosphatasia),9 there is
limited evidence linking plasma PPi directly to clinical
phenotypes such as ectopic calcification

Figure 1. Mechanism of ENPP1 deficiency 
and mechanism of action of BMN 401
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ABCC6, ATP-binding cassette sub-family C member 6; ADO, adenosine; 
AMP, adenosine monophosphate; ANKH, ankylosis homolog; ATP, adenosine 
triphosphate; CD, cluster of differentiation; ENPP1, ectonucleotide 
pyrophosphatase/phosphodiesterase 1; Pi, phosphate; PPi, pyrophosphate; 
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Results
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Bone parameters
• Increasing plasma PPi levels were positively correlated with trabecular and cortical bone parameters (Figure 5)

Figure 5. Correlation of PPi level with trabecular and cortical bone parameters in ENPP1asj/asj mice 
treated with BMN 401
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Body weight
• Plasma PPi positively correlated with body weight (Figure 6)

Figure 6. Correlation between PPi and body weight in ENPP1 deficiency murine models treated 
with BMN 401
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