Diagnhostic Role of Exome Sequencing in Immune Deficiency Disorders
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Exome sequencing of immunodeficient newborns

We discuss the use of exome sequencing for the diagnosis of
newborns with severe immune diseases of uncertain underlying
causes. Many were identified from population based newborn
screening for severe combined immundeficiencies (SCID), that
revealed low or absent T cell receptor excision circles (TRECSs), a
biomarker for T-cell ymphocyte production. However, the low TREC
can be observed in several other rare non-SCID immune disorders as

well.

Genome seguencing can potentially resolve the genetic basis of these
disorders through precise characterization of molecular defects in an
Individual newborn’s DNA. To interpret genomic variant data, we
developed an analysis protocol whose distinctive features enabled
solving numerous clinical cases. It integrates variant annotation,
variant filtering, and gene prioritization to prioritize millions of called
variants to a manageable shortlist of possible causative variants.

We applied the protocol to exome sequences from several newborn
patients with undiagnosed primary immune disorders. These case

studies highlight unigue features of the protocol that facilitate clinical
diagnosis with the help of deep sequencing.

Exome sequencing performed when newborn screening and
clinical evaluation fail to identify cause of immunodeficiency

Newborn screening for severe combined immunodeficiency (SCID) uses
quantification of T cell receptor excision circles (TREC) which correlate with
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ILLUSTRATIVE CASE STUDIES

A likely novel SCID gene is identified based on putative haploinsufficiency annotations
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= We found BCL11B interactions with genes involved in T cell
activation and phenotype annotations associated with low T
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= BCL11B is listed by our pipeline as a putative haploinsufficient
gene based on literature database annotation, leading to the
hypothesis that a single copy of the mutant gene can likely
cause disease

Zebrafish model validates BCL11B immunodeficiency
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Exome sequencing reveals newborn T lymphopenia as a characteristic in
Ataxia Telangiectasia
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AT: A Neurodegenerative and Immune Disorder

Characteristics

= Ataxia, motor symptoms with a
cerebellar focus

= Typically diagnosed between ages
2-11 years

= Patient 1. Wobbly gait reported at
14-16 months

= Variable T and B lymphocytopenia

Prognosis

= Progressive, irreversible

* 10-15% lymphoma by
early adulthood

* Median age of death: 22
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T lymphocytopenia in newborns can be a feature
of AT as revealed by TREC screening and exome
sequencing. The children’s diseases wouldn’t

have been detected otherwise for years.
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SCID causing gene is identified despite inconsistency of the reference genome
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Compound heterozygous mutations found in the 3' UTR region of a known PID gene, PRKDC
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Typically, the UTR region variants are not considered strong disease-causing candidates

Existing methods unable to correctly annotate the PRKDC gene variants

Our annotation tool, Varant?!, flagged the PRKDC gene with CDS inconsistency
(CDS non multiple of 3) and correctly identified the non-synonymous variants.
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A novel human autoimmune syndrome is discovered due to combined hypomorphic
and activating mutations in ZAP70
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= Exome sequencing makes definitive diagnosis of several rare immune related disorders with uncharacteristic
symptoms with success rate of ~50% in cases with trios

= T Cell Excision Circles (TREC) screening successfully identifies non-SCID T lymphopenic disorders that may
not otherwise be diagnosed until later in life.

= Testing of individual genes is avoided which can be costly, time-intensive and unhelpful

= Early detection provides information to offer prompt appropriate treatment and guidance, family genetic
counseling, and avoidance of the diagnostic odyssey.
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