Expanded genetic testing for primary immunodeficiencies:

Findings from a 207-gene next-generation sequencing panel
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=
BACKGROUND

= Many primary immunodeficiencies (PIDs) share
overlapping presentations, complicating the clinical
diagnosis

= Expanded next-generation sequencing panels are
valuable in facilitating the diagnosis of patients with PIDs
due to their ability to test many genes at once

= We developed a 207-gene next-generation sequencing
panel inclusive of copy number variation analysis for the
clinical diagnostic testing of patients with PIDs (Figure 1).

Primary panel (207 genes)
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Figure 1. Genes included on the 207-gene In

Immunodeficiency Panel.
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METHODS

= NGS testing was performed as previously described,' and
variant interpretation was carried out based on an
expansion of the ACMG guidelines.?

= De-identified results of patients tested between April and
October of 2017 were reviewed and categorized by
variants identified and their classifications:

Negative: no reportable variants identified
- Positive: Pathogenic/Likely Pathogenic variants (P/LP)
- Uncertain: Variants of Unknown Significance (VUS)

- Of note, increased risk alleles, such as common NODZ2 alleles associated
with Crohn’s disease, were excluded.

= Positive results were further categorized as follows:
Likely genetic diagnosis  [Carrierstatus  |Heterozygousresults |

1 heterozygous P/LP allele in AD or 1 heterozygous allele in AR gene 1 heterozygous allele in a gene with
XL gene AR and AD inheritance

1 heterozygous allele in XL gene in
1 homozygous P/LP allele in AR gene female

1 hemizygous P/LP allele in XL gene
in male

2 heterozygous P/LP alleles in AR
genes

1 heterozygous P/LP allele and 1 VUS
in AR genes

= (Clinical actionability of results was estimated based on
published recommendations for treatment with
hematopoietic stem cell transplantation (HSCT).
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RESULTS RESULTS

= During the studied period, 260 patients underwent genetic = 63 patients had positive findings (Figure 3):
testing with the 207-gene PID panel.
= The average turnaround time from test requisition to

- 35% (22) were heterozygous
carriers of AR conditions

20 heterozygous

return of reSLljltS. was 18 days. | | | 3 90 - 38% (24) were heterozygous
= The vast majority (96%) of patients had variants identified for variants in genes with AR
in one or more genes tested (Figure 2). and AD inheritance patterns, in
= P/LP variants were identified in 24% of patients (63) 63 patients with which the positive finding may
(Figure 2). e or may not explain the patient's

g

22 hets for
mutations in
AR/AD genes

[/

15 likely
genetic
diagnoses

phenotype
- 30% (19) had likely genetic
diagnoses (see methods)
- 6 patients had results in more
60 Figure 5. Clinical context of P/LP variants than one category.

= Multiple variants of uncertain significance were identified
iIn most patients (Figure 3).

4.2%
P/LP and VUS

22.7%

o = 63% percent of genetic diagnoses were for conditions
that are treatable with HSCT (Table 2):

P/LP only
1.5%

20

CTLA4: p.Tyr140* (het) Autoimmune lymphoproliferative syndrome No PMID:21885601
w0 L L= CDA40LG: p.Thr254Lys (hemi) X-linked hyper-IgM syndrome Yes PMID:16435016

RNASEH2B: p.Ala177Thr (het) Aicardi Goutieres syndrome 2 (carrier) N/A

Number of VUSes per report
CYBB: ¢.1315-1G>A (hemi) Chronic granulomatous disease Yes PMID:23011479
NLRP12: p.Leu880GInfs*15 (het) Familial cold autoinflammatory syndrome No PMID:24452074
Figure 2. Total patients tested by result type. Figure 3. Numper of Varlants.of DCLRE1C: p.Asp451Lysfs*11 (homo) | Severe combined immune deficiency Yes PMID:11806989
unknown significance per patient. IFNGR1: ¢.373+2T>C (homo) Mendelian susceptibility to mycobacterial disease Yes PMID:16715106
] ] ] IL2RG, ¢.855-1G>A (hemi) Severe combined immunodeficiency Yes PMID:11806989
| -

Seventy fou r pathogen IC Or Ilkely pathOgen IC (P/LP) IRAK4: p.Gly75Alafs*14 (het) IRAK-4 deficiency No PMID:21734245

IRAK4: ¢.717-1G>T (het)

variants were identified, over 10% of which were copy

. . . IRAK4, Deletion (Exons 10-12) (homo) IRAK-4 deficiency No PMID:21734245
N U m be r Va rl at| O N S (Ta b I e 1 ; F I g U re 4) ) MVK: p.Val377lle (het) Mevalonate kinase deficiency (het for AR/AD gene)
IRAK4: p.GIn293* (het) IRAK-4 deficiency No PMID:21734245
IRAK4: p.Glu30* (het)
NFKB2: p.Arg853* (het) Common variable immunodeficiency Yes PMID:25595268
delet;{l: NFKB2: p.Arg853* (het) Common variable immunodeficiency Yes PMID:25595268
duplications
CORO1A Deletion (Entire coding sequence) | Heterozygous
PRF1: p.Thr450Met (het) Familial hemophagocytic lymphohistiocytosis 2 Yes PMID:12239144
DOCK8 Duplication (Exons 2-9) Copy number 3 PRF1: p.Gly45Arg (het)
_ BLOC1S6: p.GIn78* (het) Hermansky-Pudlak syndrome 9 (carrier) N/A
DOCK8 Deletion (Exon 1) Heterozygous
_ PRKCD: c.788-2A>G (het) PRKC delta deficiency No PMID:27541826
IRAK4 Deletion (Exons 10-12) Homozygous PRKCD: p.Gly361Arg (het)
LRBA Deletion (Exons 36-41) Heterozygous RAG1: p.Lys992Glu (het) Severe combined immunodeficiency Yes PMID:11806989
RAB27A | Deletion (Exons 2-4) Heterozygous | _ RAGT: p.Lys277Arg (het)
SAMHD1 Duplication (Exons 7-11) Copy number 3 89.2% Emsﬁ 21%%2801 Zh(er;m)et) Cartilage-hair hypoplasia-anauxetic dysplasia spectrum | Yes PMID:20375313
TMCs8 Deletion (Exon 11) Heterozygous RMRP: n.147G>A (het) Cartilage-hair hypoplasia-anauxetic dysplasia spectrum | Yes PMID:20375313
RMRP: n.257 266del (het)
Table 1. Pathogenic/Likely Pathogenic Figure 4. Pathogenic/Likely STAT3: p.Met329Lys (het) STAT3 gain of function Not typically | PMC:4790836
Copy number variations identified. Pathogenlc variants by variant type' XIAP: p.Arg222* (hemi) X-linked lymphoproliferative syndrome 2 (XLP2) Yes PMID:15908972
SPINKS5: p.Glu480Lysfs*24 (het) Netherton syndrome (carrier) N/A

Table 2. Results of patients with likely genetic diagnoses, the associated condition and
the estimated treatability of the condition with HSCT.

CONCLUSIONS

= Expanded next-generation sequencing panels offer an effective tool to aid in the rapid molecular
diagnosis of patients with PIDs.

= Detection of copy number variations with multigene panels is critical, as CNVs represented 10% of
pathogenic variants identified by our panel.

= |n total, 24% of patients had positive findings, and a likely genetic diagnosis was made in 30% of
these cases. Importantly, 63% of conditions diagnosed are treatable with HCST. Of note, the
diagnostic yield observed here is likely lower than it would be in an unselected population of
patients with PIDs; individuals with clear phenotypes may have been tested with single gene
assays or targeted panel tests.
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