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Clinical Implications: The combination of functional analysis and population data on ADA2

variants illustrates a data-driven approach to study the genetics of monogenic immune diseases.

Capsule Summary: We analyzed the impact of disease-associated variants and population
variants on the function of adenosine deaminase 2 (ADA2). This study provides a framework to

analyze ADAZ2 genetic variants and calculate carrier frequency and disease prevalence.

Keywords: adenosine deaminase 2, DADA2, ADA2 variants, carrier frequency, disease

prevalence
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Abbreviations:

ADA2: Adenosine Deaminase 2

CADD: Combined Annotation Dependent Depletion
CECRL1: Cat Eye Syndrome Critical Region 1
DADAZ2: Deficiency of ADA2

gnomAD: Genome Aggregate Database

pLoF: predicted loss of function

MAF: Minor Allelic Frequency

REVEL: Rare Exome Variant Ensemble Learner
ROC: Receiver operating characteristic

SIFT: Sorting Intolerant from Tolerant

VEST: Variant Effect Scoring Tool
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Abstract

Background: Deficiency of adenosine deaminase 2 (DADAZ2) is an autoinflammatory disease
caused by deleterious ADA2 variants. The frequency of these variants in the general population,

and hence the expected disease prevalence, remain unknown.

Objective: We aim to characterize the functional impact and carrier frequency of ADA2 variants.

Methods: We performed functional studies and in silico analysis on 163 ADAZ2 variants,
including DADAZ2-associated variants and population variants identified in the Genome
Aggregation Database (gnomAD). We estimated the carrier rate using the aggregate frequency

of deleterious variants.

Results: Functional studies of ADA2 variants revealed that 77/85 (91%) of DADA2-associated
variants reduced ADA2 enzymatic function by > 75%. Analysis of 100 ADA2 variants in

gnomAD showed a full spectrum of impact on ADAZ2 function, rather than a dichotomy of benign
versus deleterious variants. We found several in silico algorithms that effectively predicted the
impact of ADA2 variants with high sensitivity and specificity, and confirmed a correlation
between the residual function of ADA2 variants in vitro and the plasma ADA2 activity of
individuals carrying these variants (n = 45; r = 0.649; p < 0.0001). Using < 25% residual
enzymatic activity as the cut-off to define potential pathogenicity, integration of our results with
gnomAD population data revealed an estimated carrier frequency of at least 1 in 236 individuals,

corresponding to an expected DADAZ2 disease prevalence of ~1 in 222,000 individuals.

Conclusion: Functional annotation guides the interpretation of ADA2 variants to create a

framework that enables estimation of DADA?2 carrier frequency and disease prevalence.
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Introduction

Advances in immunology and genetics have accelerated the discovery of monogenic immune
defects. Depending on the function of the affected gene, these monogenic diseases may be
characterized by immunodeficiency, autoinflammation, autoimmunity or a hybrid of these
features.’ Rapid diagnosis and prompt initiation of targeted therapy are critical to control disease

severity and mitigate organ damage.>

Genetic panels that evaluate a large number of monogenic immune defects are increasingly
used by immunologists and rheumatologists. However, these panels often uncover variants in
multiple genes including variants of uncertain significance and thus careful interpretation is
required.® Guidelines to evaluate the pathogenicity of genetic variants have been established by
the American College of Medical Genetics and Genomics (ACMG) and the Association for
Molecular Pathology.* Pathogenicity of a genetic variant is strongly supported by prior disease-
associated variants affecting the same amino acid or established functional studies confirming a

detrimental effect on protein function.’

Adenosine deaminase 2 (ADAZ2) is a myeloid cell-derived plasma protein that catalyzes the
deamination of extracellular adenosine to inosine.® ’ Biallelic deleterious variants in the
encoding gene ADAZ2 (formerly known as CECR1) on chromosome 22011 cause a monogenic
disease of systemic vasculitis, early-onset stroke, bone marrow failure and immunodeficiency
known as deficiency of ADA2 (DADA2).%° Although DADA2 is considered a rare disease,
genetic variation in ADA2 is not uncommon. Data from Genome Aggregation Database
(gnomAD) revealed more than 200 missense and predicted loss-of-function (pLoF) variants

in >140,000 people from the general population.*



122 In this study, we performed functional analysis of disease-associated ADA2 variants as well as
123 alarge number of population variants in gnomAD. Our work constructs a roadmap to interpret

124  ADAZ2 variants and allows estimation of carrier frequency and disease prevalence for DADA2.
125  Methods

126  Patients and samples: These studies were approved by the Institutional Review Boards at
127  Boston Children’s Hospital and the National Institutes of Health. Informed consent was obtained
128  from healthy individuals, carriers of ADA2 variants and patients with DADA2 prior to serum /

129  plasma collection.

130 Identification of ADA2 variants. Single nucleotide variants of ADA2 were identified in gnomAD
131  v2.1.1 (Ensembl gene ID: ENSG00000093072.11) and sorted by allelic frequency. The 101
132  missense variants with the highest allelic frequency and allele count > 1 in gnomAD were

133  selected for functional analysis. Expression plasmids were created for 100 variants because two
134  of the variants resulted in the same amino acid change (p.G47R). DADA2-associated variants
135  were identified from a review of publications between February 2014 and October 2020. A

136 literature search was performed in PubMed, using the search terms: “DADAZ2” and “adenosine
137 deaminase 2.” Large genomic deletions and splice site variants were not included due to the
138  lack of patient materials to study the genetic rearrangements. Eighty-five unigue DADA2-

139  associated variants were identified for further analysis. A complete list of DADA2-associated
140  variants analyzed by functional studies is provided in Online Repository Table E1. Plasmids for

141 53 of these variants were generated from our previous studies.™" *?

142  Plasmid construction and site-directed mutagenesis. Construction of pcDNA3.1-Myc/His(-)
143 plasmid that encodes wildtype ADA2 was described.' Site-directed mutagenesis was
144  performed using the Q5 Mutagenesis Kit (New England Biolabs, Ipswich, MA). Plasmids were

145  purified using Purelink Quick Plasmid Miniprep kit (Thermo Fisher Scientific, Waltham, MA).
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Variants were confirmed by sequencing using T7 and BHG-R primers (Genewiz, Cambridge,

MA). Primer sequences for plasmid construction are available upon request.

Quantification of ADA2 enzymatic activity. HEK 293T cells were seeded in 24-well plates (1x10°
cells / well) and transfected with wildtype or mutant ADA2 plasmids using Fugene 6 (Promega,
Madison, WI) according to manufacturer’s instruction. Medium was collected after 72 hours of
incubation at 37°C. ADAZ2 activity in culture supernatant and human plasma was measured
using an established spectrophotometry assay in BioTek's Synergy HTX Multi-Mode Reader
(Winooski, VT).> 2 This assay quantifies the adenosine-dependent generation of ammonia in
the presence of EHNA, a selective inhibitor of ADAL. The final concentrations of adenosine and
EHNA were adjusted to 12 mM (saturating for ADA2) and 0.1 mM, respectively. This assay was
fully validated (i.e., for linearity, range, precision, accuracy, specificity, robustness, and
ruggedness), and results closely correlate with ADA2 activity measured with an independent
high performance liquid chromatography assay that directly quantifies the conversion of
adenosine to inosine (MS Hershfield, unpublished). The activity of each sample was normalized
to wildtype ADAZ2 activity measured on the same run. Each variant was analyzed by at least 3

independent experiments.

In silico analysis of ADA2 variants. Description and source of prediction algorithms assessed in
this study are available in Online Repository Table E2. Prediction metrics from some of the
algorithms were generated in bulk through WANNOVAR software '* and subsequently verified

by analysis from the original sources.

Calculation of carrier frequency and disease prevalence. Previously reported DADA2-
associated variants, the 100 most common missense variants and pLOF variants in gnomAD
(with duplicates removed) were included in the analysis. ACMG curation was not applied in this
analysis, rather a disruption of ADA2 enzymatic activity by > 75% (i.e., residual ADA2 enzymatic

activity of <25%) was used to define deleterious variants for these analyses. The allelic
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frequencies of missense variants and pLoF variants were combined to determine the aggregate
allelic frequency (q). Predicted carrier frequency (2pq) and disease prevalence (q°) were

determined using Hardy-Weinberg equilibrium (p? + 2pq + ¢° = 1).

Statistical analysis. Differences between two groups were analyzed using the Mann-Whitney U
test. Correlation between two variables was assessed using Spearman’s rank-order correlation.
Receiver operator characteristic (ROC) curves and area under the curve (AUC) calculations
were used to analyze the performance of prediction algorithms. All tests were 2-sided, and p <
0.05 was considered significant. Statistical analyses were performed using Prism 8.0 software

(GraphPad Software, La Jolla, Calif).
Results
Analysis of disease-associated ADA2 variants

To date, approximately 300 patients and 100 unique disease-associated ADA2 variants have
been described in the literature and the Infevers database (https://infevers.umai-
montpellier.fr)."® Using a functional assay to quantify ADA2 enzymatic activity, we first analyzed
85 disease-associated variants including 63 missense variants, 3 single amino acid deletions,
and 19 pLoF variants (12 insertions / deletions with frameshift and 7 nonsense variants; Online
Repository Table E1). Large genomic deletions and splice site variants were not included in the

analysis.

Ectopic expression of each mutant construct in 293T cells revealed reduced enzymatic activity
for all disease-associated variants compared to wildtype ADA2 (Figure 1A). pLoF variants
resulted in complete absence of ADA2 activity while missense variants and single amino acid
deletions showed a wide range of residual enzymatic activity (0.5 to 86%). Overall, 94% of all

disease-associated variants displayed a reduction of ADA2 activity by >50% while 91% showed
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<25% residual enzymatic activity (Figure 1B). Missense variants with residual ADA2 activity

were distributed among the various functional domains (Figure 1C).

The potential pathogenicity of genetic variants is often evaluated by in silico prediction
algorithms. We utilized results from the functional assay to benchmark the performance of 20
established prediction algorithms for the analysis of ADA2 missense variants. A brief description
of these algorithms is provided in Online Repository Table E2. These algorithms predicted most
of the disease-associated variants as deleterious with sensitivity ranging from 76 — 97% (Figure
1D and Online Repository Figure E1A). Many of the algorithms incorrectly predicted several N-
terminal variants as benign changes, likely due to the divergent secretory peptide sequence
among species (Online Repository Figure E1B). Interestingly, two disease-associated variants
with the highest residual activity (H335P [86%] and G25C [65%]) were predicted benign variants
by most algorithms. H335P was found in trans with Y130C (1% residual activity) in one case
while homozygous G25C was described in two patients.*® '’ Taken together, these findings
illustrated that the prediction algorithms are generally effective in determining pathogenic ADA2
variants and that many disease-associated variants are hypomorphic variants with residual

enzymatic function.
Evaluation of ADA2 variants in gnomAD

To study ADA2 genetic variants in the general population, we explored the genomic data

from >140,000 individuals available in gnomAD."® Among the missense and pLoF ADA2

variants found in gnomAD, only 18 variants were classified as “pathogenic” or “likely pathogenic”
based on ACMG criteria. Overall, R169Q was the most common disease-associated variant

with a MAF of 4.74 x 10 (carrier frequency: 1 in 1054 individuals; Online Repository Table E3).
Seven missense variants without prior association with DADA2 had higher allelic frequencies
compared to R169Q. To better capture the impact of ADA2 variants on protein function, we

analyzed 100 missense variants with the highest MAF in gnomAD. This list covered >99% of all
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missense ADA2 variants based on allele counts and 93% of variants in gnomAD (3,375 / 3,623
allele counts) after excluding the common polymorphism H335R (MAF 0.34; >99% enzymatic

activity relative to wildtype ADA2).

Functional analysis of these 100 variants showed a full spectrum of ADA2 activity ranging from
100% to < 0.5% of the levels found in wildtype ADAZ2 control (Figure 2A). Twenty-one of these
variants were previously identified in patients with DADA2, mostly with the vasculitis phenotype
(red bars; also see Online Repository Table E3). Contrary to the notion that rare variants are
more likely to be pathogenic, residual ADA2 enzymatic activity measurements did not correlate
with allelic frequencies (Figure 2B), though analysis was restricted to mostly rare variants (MAF
<1%). Similarly, the distribution of allelic frequencies was comparable between the subset of

DADAZ2-associated variants and all other variants (p = 0.602; data not shown).

This dataset allowed a more comprehensive assessment of the prediction algorithms. We
combined the data from DADA2-associated variants (Figure 1A) and analyzed a total of 141
unique ADA2 missense variants. We used <25% residual enzymatic activity as a conservative
cut-off to define deleterious variants because >90% of DADA2-associated variants have activity
under this threshold. A correlation matrix was constructed for ADA2 activity and prediction
scores generated from the 20 algorithms (Online Repository Figure E2A). Receiver operator
characteristic (ROC) analysis showed that SIFT, REVEL, VEST3 and CADD were among the
algorithms with the best performance in predicting benign vs. deleterious variants (Figure 2C, D).
Raw scores generated from these prediction algorithms correlated well with the enzymatic
activity of ADA2 variants (Figure 2E). Because a few DADAZ2-associated variants had residual
activity greater than 25%, we performed additional ROC analyses of the algorithms using 50%
and 75% residual enzymatic activity as the cut-off to evaluate another definition for including

deleterious (possibly hypomorphic) variants (Online Repository Figure E2B). Taken together,



243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

these findings provide a guide to interpret the functional significance of ADA2 variants in the

gnomAD database.

Plasma ADA2 activity in carriers of ADA2 variants

To assess the physiologic relevance of these in vitro data, we measured plasma ADAZ2 levels in
45 carriers of ADA2 variants. The majority of these individuals (n = 36) were family members of
patients with DADA2. The remaining individuals (n = 9) were found to have a monoallelic ADA2
variant during genetic evaluation for recurrent febrile illness of unknown etiology and none of
them received treatment that is likely to alter ADA2 levels. Fourteen unique missense variants
analyzed above and 9 pLoF variants (indel-frameshift or nonsense) were found among these
carriers. DADAZ2 patients with biallelic variants were not further compared as they possessed
very low plasma ADAZ2 activity and therefore it would not be feasible to distinguish the impact of

each allele (Figure 3A).

We segregated the carrier group by the type of ADA2 variants and found that individuals that
possess a pLoF variant all had plasma ADAZ2 levels below the lower limit of healthy controls. In
contrast, carriers of missense variants displayed a wider range of plasma ADAZ2 activity that
overlaps with levels found in age-matched healthy controls (Figure 3A). Correlation studies
revealed that carriers of variants that most profoundly alter ADA2 function (R169Q, G47V, 193T
and G358R) had the lowest plasma ADA2 activity (Figure 3B). Carriers of hypomorphic variants
that display greater residual function including G47R and G47A tended to show variable plasma
ADAZ2 activity and some were within the range of healthy controls. Accordingly, carriers of
variants with minimal impact on ADA2 activity in vitro (H335R, D373V, E489Q) displayed normal
plasma enzymatic activity (Figure 3B). Overall, plasma ADAZ2 activity in carriers generally
correlated with the expected functional impact of the ADA2 variants but the variability was

greater for hypomorphic variants (Spearman r = 0.649; p < 0.0001).
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Estimation of carrier frequency and disease prevalence

The prevalence of a monogenic disease can be estimated by the reported incidence in a
population or by aggregate allelic frequency of deleterious variants.'®**° We explored the
prevalence and carrier rate of variants causing the DADA2 phenotype by integrating the allelic
frequency of ADA2 variants in gnomAD and the curated functional data on these variants
(Figure 4A). Because these calculations are heavily dependent on the cut-off of residual ADA2
activity used to determine pathogenic variants, we examined carrier frequency at cut-off values

ranging from 3% to 75% (Figure 4B).

We elected to use 25% residual enzymatic activity as the cut-off to determine deleterious
variants because >90% of DADA2-associated variants displayed residual activity under this
threshold (see Figure 1B). Combining all gnomAD populations, the aggregate allelic frequency
of pathogenic missense variant and pLoF variants was 0.00212, yielding a carrier frequency of 1
in 236 individuals and an estimated DADAZ2 disease prevalence of ~1 in 222,164 individuals
(Figure 4C). Based on the Hardy-Weinberg equilibrium, these calculations predict over 30,000
DADAZ2 cases among the world population of 7.7 billion individuals. If a strict cut-off of 10% was
applied to determine deleterious variants (i.e., >90% reduction of ADA2 activity), the overall
carrier rate was ~1 in 305 individuals. The carrier rate sharply increased to 1 in 108 individuals
at the cut-off of 35% (i.e., >65% reduction of ADA2 activity), largely due to the prevalence of two

hypomorphic variants, M309I and P435A (Online Repository Table E4).

The aggregate allelic frequency, carrier rate and the most common pathogenic variants for
subpopulations in gnomAD (based on the 25% residual activity cut-off) are detailed in Figure 4C.
The Finnish population exhibited the highest carrier rate (1 in 160) and estimated disease
prevalence (~1 in 103,217) primarily due to the high allelic frequency of the well-established
DADAZ2-associated variant R169Q (MAF 0.0019). South Asians exhibited the next highest

carrier frequency with G47R as the most common variant (MAF 0.00075). In contrast, African
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and Ashkenazi Jewish populations displayed the lowest frequency of deleterious ADA2 variants
in gnomAD. Taken together, the combination of gnomAD data and functional analysis of ADA2
variants provides an informed, data-driven approach to estimate carrier frequency in different

populations.

Discussion

The availability of next-generation sequencing panels and exome / genome sequencing has
improved our ability to detect monogenic immune disorders. Genetic variants identified from
these studies require careful interpretation; functional studies can provide complementary
information in determining the pathogenicity of specific variants.® > Our study constitutes the
most comprehensive analysis to date on variants in the ADA2 gene. We performed in silico and
functional studies on 163 ADA2 variants encompassing disease-associated variants and
population variants in gnomAD. These data provide a guide to interpret ADA2 variants and

create a framework to estimate the prevalence of DADA2.

Analysis of the 100 most common missense ADA2 variants in gnomAD illustrates that it is likely
an oversimplification to assign variants dichotomously as “benign” versus “pathogenic”. Instead,
the impact of these variants on ADA2 function exists as a spectrum without a discrete cut-off,
and cannot be predicted by allelic frequencies. While our study is focused on ADA2, these
concepts are likely applicable to other monogenic disease-associated genes. To benchmark the
analysis of in silico prediction algorithms, we established < 25% residual enzymatic activity as a
conservative cut-off to determine pathogenic ADA2 variants based on levels observed in

the >90% of disease associated variants. However, it is clear that several hypomorphic variants

with residual activity above this cut-off have been causally linked to cases of DADA2, typically



315 as a part of compound heterozygous variants.'” 2% |t is also possible that these variants may

316  impact protein production and/or function in ways not reflected by our in vitro system.

317  How much residual ADA2 activity is needed to protect against the development of

318 autoinflammation is an important question to consider. For example, the F355L variant

319  possesses >50% residual activity and carriers of this variant generally display plasma ADA2
320  activity in the low normal range. Despite the relatively high allelic frequency of this variant

321  (0.0028) in the East Asian population, F355L has been described in only one DADA2 patient
322  with the vasculitis phenotype as part of compound heterozygous variants (in trans with

323 E328K).” The M309I variant displayed a reduction of ADA2 enzymatic activity by 65% in our
324  functional assay and is present in 1/300 individuals in the general population (MAF 0.00167).
325  Similarly, P435A is a common variant in the Latino population (MAF 0.0043; 1 in 116 individuals)
326  and exhibited residual ADA2 activity of 32%. Interestingly, two cases of DADA2 with M309I as
327  part of compound heterozygous variants (in trans with R169Q) were described while we were
328  preparing the current manuscript.* Inheritance of a more pathogenic allele in trans may be
329 necessary for these hypomorphic variants to cause DADAZ2. Alternatively, other epigenetic
330 factors and environmental triggers may contribute to disease development in susceptible

331 individuals with hypomorphic variants.

332  The pathophysiology of DADAZ2 is an area of intense investigation. Recent studies have

333  suggested that disruption of adenosine homeostasis in the absence of ADA2 triggers the

334  formation of neutrophil extracellular traps and activation of type I interferon signaling.” ?° ADA2
335  may also have additional functions as a lysosomal nuclease.?” While the physiologic function of
336 ADAZ2 awaits further clarification, measurement of deaminase activity remains the best

337  approach to study ADAZ2 variants at this time. Parallel studies using plasma from carriers of

338  ADAZ2 variants further support the utility of our in vitro analysis in predicting in vivo ADA2 activity.

339  Loss of enzymatic activity is a common feature of DADA2-associated variants and
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correspondingly, near-absent plasma ADA2 enzymatic activity is confirmatory for the diagnosis
of DADAZ in patients. It is notable that plasma ADA2 activity in carriers with the same
hypomorphic variant can also vary considerably, suggesting that additional factors may regulate

protein expression by the mutant and/or wild-type allele.

In our experience, carriers of disease-associated variants are typically healthy without the
hallmark manifestations of DADA2. These individuals are usually found by targeted screening
due to the diagnosis of DADAZ in a family member. Interestingly, carrier status for several
isolated cases in our study were identified by genetic evaluation for periodic fever syndromes. A
systematic study of carriers of deleterious ADAZ2 variants is needed to address the impact of

reduced plasma ADA2 levels on health.

The estimated carrier frequency of pathogenic ADA2 variants and disease prevalence of
DADA2 may seem surprisingly high given that approximately 300 cases have been reported in
the literature to date. However, DADA2 was described only 6 years ago, and timely diagnosis
may still be limited by awareness of this condition and availability of genetic or enzymatic
activity testing. Moreover, recognition of DADA2 may be further hindered by incomplete
penetrance, variable age of disease onset, and pleiotropic manifestations of the disease, which
may include bone marrow failure or immunodeficiency, with or without the classic features of

systemic inflammation and vasculitis.?® ?°

The high frequency of R169Q in Finnish and Northern European populations and G47R in
South Asians are supported by data from DADA2 patients in those regions.®* * The actual
prevalence of DADA2 may be greater than our conservative estimate because a number of
DADAZ2-associated variants with residual activity > 25% are not captured in the calculations.
Some disease-associated variants are not found in gnomAD, and very rare missense variants
(MAF < 1x10°) in gnomAD were also not included in the analysis, although their impact on

disease prevalence is likely minimal.
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Relying on the assumption of Hardy-Weinberg equilibrium, these data also cannot account for
consanguinity or enrichment of specific ADA2 variants in certain populations, such as the high
carrier frequency of G47R in the Georgian Jewish population.? An additional limitation of our
approach is incomplete representation of populations in gnomAD. For example, genomic data
from several hotspots for DADAZ2 including Turkey, Pakistan and India are not well represented
in the database. A significant fraction of reported DADAZ2 cases, including many with
homozygous G47R variants, has been described in these regions.*® ** Furthermore, individuals
with severe pediatric diseases and their first degree relatives were excluded from the gnomAD
curation process.'® Taking these factors into account, the actual carrier frequency of deleterious

ADAZ2 variants is likely higher than the current estimate.

Finally, our study is limited by the focus on genotype and does not specify the various
phenotypes of DADA2. Like many other monogenic syndromes, genotype does not always
translate to phenotype and cases of incomplete penetrance have been described in individuals
with DADA2. 2% 3% % The precise disease penetrance for DADAZ2 is currently unknown and may
be difficult to estimate without a natural history study of symptomatic and asymptomatic DADA2

cases.

Our work demonstrates the utility of functional studies to annotate genetic data for monogenic
immune disorders. The combination of in silico analysis and functional studies described here
provides a roadmap to interpret ADA2 variants. Interrogation of variants in gnomAD further
revealed high carrier frequency of ADA2 variants and provided the first estimation of DADA2
prevalence in various populations. These findings underscore the need to improve access to

diagnostic testing for this monogenic disease with pleiotropic presentations.
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497  Figure Legends

498  Figure 1. Functional and in silico analysis of DADA2-associated variants. A) ADA2

499  enzymatic activity of known DADA2-associated variants stratified by variant type. B) Evaluation
500 of DADAZ2-association variants by various cut-off values of residual ADA2 enzyme activity. C)
501 Residual ADA2 activity of missense variants displayed by amino acid positions and functional
502 domains. D) In silico analysis of DADA2-associated variants by 20 prediction algorithms. For all
503 panels, ADA2 enzymatic activity of mutant constructs is hormalized as percentage of residual

504  activity relative to wildtype ADAZ2.

505

506 Figure 2. Functional and in silico analysis of missense ADA2 variants in gnomAD. A)

507 Enzymatic activity of 100 most frequent missense ADA2 variants in gnomAD. Red bars indicate
508 DADAZ2-associated variants. B) Correlation between minor allelic frequency and residual

509 enzymatic activity of ADA2 variants. Red squares indicate DADA2-associated variants. C and D)
510 Performance of prediction algorithms in predicting the pathogenicity of ADA2 variants assessed
511 by ROC curve analysis. Area under the curve (AUC) from ROC analysis of all algorithms are

512  displayed in panel C and ROC curves of SIFT, REVEL, CADD and VEST3 are illustrated in

513  panel D. E) Correlation plots of raw scores from SIFT (range 1 — 0), REVEL (range 0 — 1),

514  CADD (range 1 — 40) and VEST3 algorithms (range 0 — 1) with residual enzymatic activity of

515  ADAZ2 variants (n = 100 for all panels).

516

517  Figure 3. Plasma ADA2 activity in carriers of ADA2 variants. A) Comparison of plasma
518  ADAZ2 activity levels in patients with DADA2 (n = 6), carriers of predicted pLoF variants (n = 9),
519 carriers of missense variants (n = 36) and age-matched healthy controls (HC; n = 50). B)

520 Correlation between plasma ADA2 activity in carriers (n = 45) and residual enzymatic activity of
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530

531

specific variants determined by in vitro studies. Individual variant and label are color coded.
Dotted lines indicate reference range for healthy controls and patients with DADA2. Upper and

lower limit of healthy controls were defined as the 98" and 2™ percentile, respectively.

Figure 4. Carrier frequency analysis of pathogenic ADA2 variants in gnomAD. A)
Schematic for selection of ADA2 variants to compute carrier frequency. B) Aggregate allelic
frequency (left axis) and carrier frequency (right axis) of deleterious ADA2 variants at various
cut-off values of residual ADA2 activity. n represents the total number of alleles for each
population in gnomAD. C) Calculation of aggregate allelic frequency, carrier frequency of
deleterious ADA2 variants (defined by the cut-off of <25% residual ADA2 activity) and DADA2

disease prevalence.
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