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Abstract

Purpose—Coronin-1A deficiency is a recently recognized autosomal recessive primary
immunodeficiency caused by mutations in CORO1A (OMIM 605000) that results in T-cell
lymphopenia and is classified as T"B*NK*severe combined immunodeficiency (SCID). Only two
other CORO1A-kindred are known to date, thus the defining characteristics are not well
delineated. We identified a unique CORO1A-kindred.

Methods—We captured a 10-year analysis of the immuneclinical phenotypes in two affected
siblings from disease debut of age 7 years. Target-specific genetic studies were pursued but
unrevealing. Telomere lengths were also assessed. Whole exome sequencing (WES) uncovered
the molecular diagnosis and Western blot validated findings.

Results—We found the compound heterozygous CORO1A variants: ¢.248 249delCT
(p.P83RfsX10) and a novel mutation ¢.1077delC (p.Q360RfsX44) (NM_007074.3) in two
affected non-consanguineous siblings that manifested as absent CD4CD45RA* (naive) T and
memory B cells, low NK cells and abnormally increased doublenegative (DN) Y& T-cells.
Distinguishing characteristics were late clinical debut with an unusual mucocutaneous syndrome
of epidermodysplasia verruciformis-human papilloma virus (EV-HPV), molluscum contagiosum
and oral-cutaneous herpetic ulcers; the older female sibling also had a disfiguring granulomatous
tuberculoid leprosy. Both had bilateral bronchiectasis and the female died of EBV+ lymphomas at
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age 16 years. The younger surviving male, without malignancy, had reproducibly very short
telomere lengths, not before appreciated in CORO1A mutations.

Conclusion—We reveal the third CORO1A-mutated kindred, with the immune phenotype of
abnormal naive CD4 and DN T-cells and newfound characteristics of a late/hypomorphiclike
SCID of an EV-HPV mucocutaneous syndrome with also B and NK defects and shortened
telomeres. Our findings contribute to the elucidation of the CORO1A-SCID-CID spectrum.

Keywords

CORO1A (Coronin-1A deficiency); SCID-CID; HPV-epidermodysplasia verruciformis;
mucocutaneous; molluscum; leprosy; telomere; WES (whole exome sequencing)

Introduction

Severe combined immunodeficiency (SCID) represents a diverse group of primary
immunodeficiency diseases that have different genetic etiologies, some with very
distinguishing clinical characteristics associated with their specific mutations. All SCID
types have in common the lack of autologous T-cells with risk for lifethreatening infections
and early death in the absence of effective stem cell transplantation [1-8]. Since the
discovery of the gene encoding the gamma chain (Y¢) of the lymphocyte interleukin-2
receptor (IL-2R) as the cause for X-linked SCID, marked as two decades from this
publication, more than a dozen other SCID types have been defined by their genotype and
associated immune and clinical characteristics, including their distinguishing impairments in
T, B and NK-cells with pathogenesis. [9-15]. The IL2RG SCID remains the most common
and the only X-linked type of SCID, with all other modes of genetic transmission for SCID
defined as autosomal recessive. Despite the development of and access to advancements in
genetic diagnostic and immunologic screening assays and the heightened public health
outreach about primary immunodeficiency diseases, including the recent implementation of
newborn screening for SCID, selected SCID types, including hypomorphic forms, may still
be delayed in diagnosis or missed [16—22]. Moreover, many patients have not even had the
early opportunity for newborn SCID screening because of geographic location and timing of
birth.

Coronin-1A deficiency, one of the most newly discovered forms of SCID to date, has been
described in only two kindred before this publication [23-25]. The first was a female who
had vaccine-related disseminated varicella at 15 months of age, a profound T-cell
lymphopenia and was defined as having T"B*NK* SCID [23, 24]. She had a CORO1A null
mutation, ¢.248 249delCT (p.P38Rfs10), on one allele that coexisted with a ~600 kb
deletion within chromosome 16p11.2, encompassing the whole CORO1A gene, on the other
allele. The de novo occurring copy number variant corresponded to the recurrent deletion
reported in the 16p11.2 microdeletion syndrome, known to be associated with learning
difficulties, intellectual disability and autism spectrum disorders [26-29]. Intriguingly, the
second CORO1A kindred, reported by Moshous et. al., was identified by whole exome
sequencing (WES) as a homozygous missense mutation, ¢.717C>A (p.V134M), in three
Moroccan siblings with consanguineous parents and the immunophenotype was described as
a combined immunodeficiency (CID) [25]. All three siblings presented with EBV-

J Clin Immunol. Author manuscript; available in PMC 2015 April 06.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stray-Pedersen et al.

Methods

Page 5

lymphomas by 15 months of age, that were fatal for two of them, and had lymphopenia of
naive T-cells, CD3*CD4* T-cells and invariant natural killer T-cells (iNKT). Our kindred is
the first described to have manifested as a pervasive mucocutaneous-immunodeficiency
syndrome of EV-HPV, molluscum, HSV-1 and leprosy, with such chronic, late-onset of
disease presentation (not until 7 years of age) and slightly different immunophenotypic
characteristics compared to the previously reported CORO1A mutated kindred. We also
found immunological abnormalities in the biological parents, both carriers and assumed
healthy and, in the affected, the unexpected of very short telomeres.

Coronins are a conserved family of actin-binding proteins that function in actin-dependent
processes such as cytokinesis, cell motility, phagocytosis and vesicular trafficking [30-37].
Coronin-1A is an important biological regulator of the actin cytoskeleton through countering
F-actin polymerization and of calcium ion mobilization through calcium-calcineurin
signaling processes, particularly in T-cells [36] In addition it has also been described as a
regulator of TGF-beta/SMAD3 signaling pathways [34], implicating it in the control of
cellular growth and development. In mammals, Coronin-1A is predominantly expressed by
hematopoietic cells and can be found in spleen, lymph nodes, and thymus, and is also
expressed in brain and weakly in lung, but not in heart, kidney or muscle [32-34]. A
peculiar immunophysiologic role of coronin 1 involves facilitating survival specific to
mycobacterial organisms (particularly M. tuberculosis and M. leprae) in macrophages
through coronin 1 recruitment and localization to mycobacteria-containing phagosomes, and
this remains with unclear explanations to host advantage [35, 36]. In Coronin-1A-deficient
mice, T-cell activation and calcium regulation as well as the vital process of T-cell migration
from the thymus (thymic egress) were impaired [32-34, 36]. However, with the CORO1A
knock-in model used, (the E26K variant), it represented a gain-of-function mutant, in
contrast to the null mutations present in the initial patients described by Shiow et. al. and
Moshous et. al. In human Coronin-1A deficiency, the thymus has been reported as present,
despite thymic-related defects of profound T-cell lymphopenia and abnormal naive T-cell
subpopulations [23-25]. Although a T"B*NK* immune phenotype has been described in
CORO1A-deficient mice and humans, the defective outcomes to discrete lymphocyte
subpopulations, have not yet been comprehensively characterized in association with the
clinical phenotypes of the CORO1A mutations.

CORO1A Kindred Studies—Genetic Analyses

DNA was extracted from the peripheral blood leukocytes of the affected siblings (P1 and
P2), and of the mother and father (P3 and P4), respectively. A collaborative approach to the
molecular diagnostics allowed us analyses of specimens at two different centers: on P1 (the
affected index case) through Necker/Rockefeller and P2 (the affected younger sibling) and
P3 and P4 (the biological mother and father, respectively) through Baylor. The exome data
from P1 was rerun through the identical bioinformatics pipeline that was used for P2 and P3.
Specific methods by patient and center are described with addition of the pipeline and
variant evaluations.
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For P1, Whole Exome Sequencing (WES) was performed through The Laboratory of
Human Genetics of Infectious Diseases, Necker Branch, University Paris Descartes and
Inserm, Imagine Foundation, Paris, France, EU and the St. Giles Laboratory of Human
Genetics of Infectious Diseases, Rockefeller Branch, The Rockefeller University, New York
USA. For P2 and P3, WES were performed at The Center for Mendelian Genomics (HGSC)
at Baylor College of Medicine (BCM) (BCM-HGSC), Houston, TX USA. For P4 (biological
father), only Sanger sequencing was performed.

For the WES analyses, 1 to 3 micrograms (ug) of DNA from each sample was sheared into
fragments of approximately 300-400 base pairs in a Covaris S2 (Necker/Rockefeller) or
E210 (BCM-HGSC) system according to manufacturer instructions (Covaris Inc, Woburn
MA). An adaptor-ligated library was prepared with the TruSeq DNA Sample Preparation Kit
(IMlumina) and exome capture was performed with 50 Mb Agilent Sure Select (Agilent).

Genomic DNA samples were constructed into lllumina paired-end pre-capture libraries
according to manufacturer's protocol (lllumina
Mulitplexing_SamplePrep_Guide_1005361_D) with modifications as described in the
BCM-HGSC Illumina Barcoded Paired-End-Capture Library Preparation protocol. Libraries
were prepared using Beckman robotic workstations (Biomek NXp and FXp models).. The
complete protocol and oligonucleotide sequences are accessible from the BCM-HGSC
website (https://hgsc.bcm.edu/sites/default/files/documents/Illumina_Barcoded_Paired-
End_Capture_Library Preparation.pdf). Four pre-capture libraries were pooled together
(approximately 500 ng/sample, 2 ug/pool) and hybridized in solution onto the BCM-HGSC
CORE design [38] (52 Mb, NimbleGen) according to the manufacturer's protocol
NimbleGen SeqCap EZ Exome Library SR User's Guide (Version 2.2) with minor revisions.
The captured DNA fragments were massive parallel sequenced using paired-end mode on an
Illumina HiSeq 2000 platform (TruSeq SBS Kits, Part no. FC-401-3001) which produced 9—
10 Gb per sample and achieved an average of 90 % of the targeted exome bases covered to a
depth of 20X or greater (Necker/Rockefeller and BCM-HGSC).

At Necker/Rockefeller, for sequence alignment, variant calling and annotation, the
sequences were aligned to the human genome reference sequence (GRCh37 build) using the
Burrows-Wheeler Aligner (BWA) (http://biol-bwa.sourceforge.net/) [39]. Downstream
processing was done with the Genome Analysis Toolkit (GATK), SAMTools and Picard
(http://picard.sourceforge.net) [40]. Variant calls were made with a GATK Unified
Genotyper. All calls with a read coverage of<2X and a Phred-scaled SNP quality of<20
were removed from consideration. WES-generated variants were annotated using an
annotation software system that was developed in-house (Necker/Rockefeller).

At BCM-HGSC, Illlumina sequence analysis was performed using HGSC Mercury analysis
pipeline (http://www.tinyurl.com/HGSC-Mercury/) that addressed the aspects of data
processing and analyses from the initial sequence generation on the instrument to annotated
variant calls. This pipeline was able to generate base-call confidence values (qualities) using
[llumina primary analysis software (CASAVA v1.8.0). Reads and qualities were mapped to
GRCh37 Human reference genome (http://www.ncbi.nlm.nih.gov/projects/genome/
assembly/grc/human/) using the Burrows-Wheeler aligner (BWA, http://bio-
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bwa.sourceforge.net/) [34] producing a BAM (binary alignment/map) file [40]. BAM post-
processing, with insertion/deletion (in/del) realignment and quality recalibration, was done
using appropriate tools, including SAMTools and Genome Analysis Toolkit (GATK) (v
0.5.9) 93 [40, 41]. Variants were determined using the Atlas2 suite (Atlas-SNP and Atlas-in/
del) [42] to call variants and produce a variant call file (VCF) [43]. Finally annotation data is
added to the VCF using a suite of annotation tools “Cassandra” [44]. To compare the WES
data from P1, P2 and P3 across the family members, the WES results from P1 generated
from Necker/Rockefeller were processed through the Cassandra pipeline at BCM-HGSC.

Frequencies in doSNP, HapMap data, NHLBI GO Exome Sequencing Project (ESP; http://
evs.gs.washington.edu/EVS/), The Human Gene Mutation Database (HGMD®) and in-
house variant databases were used for filtering, and Integrative Genomics Viewer (http//
www.broadinstitute.org/igv/) for visualization. OMIM descriptions, conservation status and
prediction programs (SIFT, PolyPhen, Alamut) were used for evaluation of the potential
pathological relevance. The WES-identified variants were independently confirmed by an
orthologous sequencing technique (Sanger), and checked for family segregation with the
phenotype.

Prior to WES analyses, gene testing through clinical commercial laboratories included:
CXCR4 and DOCKS8 (Gene DX), Dyskeratosis Congenita (DKC) mutational panel,
including DKC1, NHP2, NOP10, TERC, TERT and TINF2, (Ambry Genetics), IFNGR1/2
(Correlagen Diagnostics), RAG1/RAG2 (Gene DX) and STAT1 (Laboratory of Human
Genetics of Infectious Diseases, Necker Branch, University Paris and Inserm, Paris, France)
and STAT3 (Gene DX). Chromosomal microarray (CMA) analysis on genomic DNA from
both P1 and P2 was performed at The Medical Genetics Laboratories BCM, Houston, TX.
The BCM CMA was custom-designed and targeted intra-genetic exonic copy number
variants [45]. The version 9 BCM CMA used for testing P2's sample contained 60,000 SNP
probes and 400,000 oligoprobes with exon coverage of 4,900 genes including 200 genes
reported in primary immunodeficiencies [15, 46].

Subsequent to the genomic analysis that identified the compound heterozygous CORO1A
mutations in our kindred, we performed Western blot for Coronin-1A protein analyses. For
Western blot analysis, frozen cell pellets from lymphoid cell lines from P2 (affected) and P3
and P4 (parental carriers) were lysed in 1 % NP-40 lysis buffer supplemented with HALT
protease inhibitor as described previously [47]. Proteins were separated by 4-12 % NuPAGE
gel (Invitroen) and transferred to PVDF membrane. Membranes were blocked with 3 %
skim milk and incubated with primary antibody to Coronin 1A (Novus) or Myosin 1A
(Sigma). Membranes were washed and incubated with secondary antibody (Rockland).
Membranes were scanned on the Odyssey (Licor) and band intensities were quantified using
ImageJ (NIH).

CORO1A Kindred Studies—Immune Analyses

Immunophenotyping (IP) and lymphocyte proliferation assays (LPAS) were performed by
the Clinical Immunology Laboratory of the Section of Immunology, Allergy and
Rheumatology of Texas Children's Hospital of the Department of Pediatrics at Baylor
College of Medicine, Houston, Texas, using flow cytometry (Cytomics FC 500; Coulter
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Corp, Hialeah, Fla). Pediatric and adult age-matched normal values for IP were obtained
from established published values [48] and laboratory controls. Markers for memory
CD19*CD27* Bcells were performed after 2008. For naive T-cell subpopulations, although
selected T-cell markers specific to these T-cell emigrants, such as CCR7 and CD62
expression, may further distinguish this proliferation-competent subset, we utilized
CD4CD45RA" as a surrogate indicator of physiologic naive CD4* T-cell subpopulation.
Naive CD8* T-cell analyses were not a function of our analyses at the time of our 10-year
study of this CORO1A kindred.

LPAs were performed, using tritiated thymidine proliferation assays, to mitogens:
phytohemagglutinin (PHA) and pokeweed mitogen (PWM) at 10 pg/mL and concanavalin A
(ConA) at 50 pg/mL and to antigens: tetanus (0.08 flocculation units/mL) and Candida
albicans (10 pg/mL). Lymphocyte cultures were pulsed with mitogens (after 72 h and
harvested after 96 h) and with antigens (after 5 days and harvested on day 6), and were
performed in triplicate. A normal cellular specific immune response to antigens was defined
as a stimulation index (SI) of greater than 2 and from counts per million (cpm) values of
greater than 2,000. Normal control ranges were determined for mitogen-specific responses.

Serum immunoglobulin levels were assayed by Texas Children's Hospital Department of
Pathology, Houston Texas and specific antibody titres to tetanus toxoid (Tt) and
Streptococcus pneumonia (Spn) were performed by Specialty Laboratories, Santa Monica,
California. Low immunoglobulin G, A, and M levels were defined as less than 2 SDs below
the laboratory reported mean for age. IgE level was considered elevated at greater than 90
IU/mL. Protective antibody titres were defined as greater than 0.10 IU/mL to Tt and greater
than 1.0 pg/mL to Spn. serotypes 1, 3, 4, 6B, 7F, 8, 9N, 12F, 14, 18C, 19F and 23F, as
reported by the laboratory reference range. The IP, LPAs and immune analyses were
repeated at several time points, with increasing ages for P1 and P2, from onset and through
childhood (and for P1 through early teenage years) and compared for both affected siblings.
Adenosine deaminase levels and neutrophil oxidative burst assays of nitroblue tetrozolium
dye test and dihydrorhodamide flowcytometry had been performed in samples from both
siblings. Interferon gamma levels and function were tested in P1 and P2 (Laboratory of
Human Genetics of Infectious Diseases, Necker Branch, University Paris and Inserm, Paris,
France). Telomere length assays, utilizing multicolor flow-FISH from peripheral blood,
were performed on P2 at different time points through Repeat Diagnostics, VVancouver,
Canada (www.repeatdiagnostics.com) where the leukocyte subsets were defined using flow
cytometric histograms for telomere fluorescence on each subset of cells as identified by the
monoclonal antibodies used and reported as: “lymphocytes; granulocytes; CD45RA pos
(naive T cells); CD45RA (memory T cells); CD20 pos (B cells); and CD57 pos (NK cells)”.
From the antibody and gating strategies used for this telomere report, partial impure
classifications of the subpopulations of the naive and memory T cells and NK cells may
have been possible. However, this telomere study did capture consistent representation of
shortened telomere lengths within the lymphocytes of P2, confirmed on repeated assays.
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COROI1A Kindred Studies—Clinical Analysis

Results

Informed consent for research studies for the reported siblings and parents were obtained
under approved institutional review board protocols from the following collaborating
centers: Allergy and Immunology Service of the Section of Immunology, Allergy and
Rheumatology of Texas Children's Hospital and the Department of Pediatrics at Baylor
College of Medicine, Houston TX, and The Center for Mendelian Genomics, Baylor College
of Medicine, Houston, Texas; Rockefeller University, New York City, New York; and
Hospital Necker-Enfants Malades University of Paris, France.

CORO1A Genotype—Compound Heterozygous Mutations, Exon 4 and 11

Compound heterozygous CORO1A mutations were discovered in P1 and P2 by WES and
Sanger sequencing (Fig. 1): ¢.248_249delCT (p.P83RfsX10) and ¢.1077delC
(p.Q360RfsX44) located in exon 4 and 11, respectively, according to the CORO1A transcript
variant 1 (NM_001193333), and were determined in correlation with the immune and
clinical phenotypes found in our CORO1A kindred as described below. Prior to WES-Sanger
analyses, the genetic-specific tests performed on P1 and P2 were nondiagnostic. From the
previous two CORO1A patient reports, transcript variant 2 (NM_007074.3) was used for
exon number designation. In our CORO1A kindred, we detected the exact same variant in
exon 4, of Louisiana origin, that was previously reported and found in exon 3 [23, 24]. The
CORO1A findings segregated with the phenotype and were the causal explanation to our
siblings' immunodeficiency syndrome. The exon 4 variant was detected in 13 out of 27 total
reads for P1, and in 18/43 reads for P2, while the exon 11 variant was detected in 25/58
reads for P1, 10/21 reads for P2, and 12/43 reads for P3. Both CORO1A variants were
confirmed by Sanger sequencing in both affected subjects. In accordance with Mendelian
expectations, the biological parents were proven to be carriers of one variant each, with the
father heterozygous for the ¢.248 249delCT Louisiana variant, and the mother heterozygous
for the ¢.1077delC variant that is the novel CORO1A mutation we found (Fig. 1).

Shared and Rare Genetic Variants in this CORO1A Kindred

There were in total 660 shared variants between the affected siblings when the FASTQ files
were run through the same bioinformatic pipeline and variant frequency was limited to<1 %
for the In-house database of WES data from 6,260 persons sequenced at HGSC BCM,
frequency in Thousand Genome Project (TGP)<5 %, and NHLBI GO Exome Sequencing
Project (ESP)<5 %. Only the rare variants in conserved sites, (ESP<1.5 %; 13 variants in
total), were predicted to be deleterious and located in known and potential genes for primary
immunodeficiencies [15, 46] and were shared by both siblings (Table 1). Further functional
testing was performed for one maternally-inherited, shared rare variant in STAT5A. The
detected variant was predicted to interfere with STATS tetramerization, and secondary
STATS transcription functions, but the EBV transformed cell lines from P2 and P3 showed
normal I1L-2-mediated induction of the genes that are known to be dependent on STAT5
tetramers (Warren Leonard, NIH).
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CORO1A Immune Phenotype —Naive T-cell & Memory B-cell Lymphopenia with Increased

T8 T- cells

We conducted serial immunologic analyses of our Coronin-1A deficiency kindred
throughout the course of their illnesses before the diagnostic CORO1A mutations were
known. For P1, the immune evaluations began at age 7 years when the unique
mucocutaneous syndrome of tuberculoid leprosy initially surfaced, and then immune studies
were reanalyzed at increasing age time points as EV-HPV, HSV and molluscum manifested
throughout her life until her death from lymphomas at age 16 years. For P2, the immune
evaluations also began at age 7 years, coinciding with the death of his sister, and with the
presentation of his atypical mucocutaneous disease of EV-HPV and molluscum
contagiosum. Both P1 and P2 had immune and clinical phenotypes remarkable for features
common with one another and for distinguishing clinical findings as compared to previous
reports (Tables 2 and 3 and Figs. 2 and 3). First, they each presented significantly later than
the previously reported children with CORO1A mutations and both had an unusual
mucocutaneous syndrome. Because of these findings, comprehensive longitudinal immune
analyses were performed (Fig. 2) and an abnormal immune phenotype was found common
to both P1 and P2: (1) moderate lymphopenia of total absolute lymphocyte counts; (2)
mildly low CD3*CD4* T-cell absolute counts; (3) nearly absent “naive” CD4CD45RA* T
cells ; (4) a preponderance of double-negative (DN) CD3*CD4-CD8" T-cells, verified as Y§
T-cell subpopulation in P2 and expressed as 100 % of the DN T-cells; (5) undetectable
memory B cells; (6) low NK cell absolute counts; (7) modestly suppressed mitogen-induced
lymphoproliferation, particularly to ConA and PHA; and (8) an elevated serum IgE (peak
levels at onset of presentation of their clinical diseases). For both affected siblings, despite
the naive T-cell lymphopenia and abnormal TCR, percentages of total CD3* T-cells were in
the normal ranges for age and thymus was present. Moreover, the T-cell receptor
representation was skewed by the increased DN T-cell subpopulation and Con A- and PHA-
specific T-cellular mitogen-induced lymphoproliferative responses were persistently
diminished. Strikingly, however, antigen-induced lymphoproliferative responses from
stimulation with tetanus and candida were robustly present at onset of clinical disease
presentation and without change (through end-of-life at 16 years of age for P1 and through
9.5 years of age for P2, alive with this publication). Both siblings had normal levels of
serum 1gG.

Few differences in the immune phenotype were noted between P1 and P2. Unlike P2 (the
younger brother), P1 (the female index) had PWM-specific lymphoproliferative responses
that became progressively abnormal at 14 years of age when then also, specific antibody
diminished followed by unresponsiveness to pneumococcal polysaccharide and conjugate
vaccines. By contrast, P2 had sustained hormal PWM-specific T-cell responses, but had not
yet reached the same age as his older sister when she had developed loss of PWM-induced
mitogenic responses. P1 also had persistently low IgM and IgA from onset whereas P2 had
normal IgM and IgA levels for age. For P2, very short telomere lengths were detected in
lymphocytes, granulocytes, naive and memory T-cells (telomere data no P1 not performed)
(Fig. 3.) The parents had no known clinical disease, however, unexpectedly, the mother (P3)
was found to have a low percentage and absolute number of NK cells, confirmed by repeat
on separate blood sample (2 % with absolute number of 20, normal adult range 3-22 %/89-
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472). Also, the father (P4) was found to have low CD4* T-cells (28 %, normal range 30-63
%) with an inverted CD4:C8 ratio of 0.5 (normal ratio =1.2).

COROL1A Clinical Phenotype—The Atypical Mucocutaneous-Immunodeficiency Syndrome

Patient 1, Female Index—Deceased (P1)—P1 was female and the first-born child of
an uncomplicated pregnancy from non-consanguineous parents with normal physical and
cognitive development who presented at 7 years of age with tuberculoid leprosy that
manifested as a severely disfiguring ulcerative, granulomatous dermatosis over most of the
body, sparing genitalia. The dermatosis was painless despite recurrent epidermal-dermal
lesions (Fig. 4a and b). Multiple skin biopsies revealed caseating granulomas with dermal
lymphocytic perineural infiltrates (Fig. 4c). Rare acid-fast bacilli (AFB) were uncovered
(Fig. 4d). Confirmatory pathological review of the skin biopsy specimens by the National
Hansen's Disease Programs in Baton Rouge, Louisiana verified that findings were consistent
with Hansen's Disease due to Mycobacterium leprae, and this was further supported by the
clinical presentation and family's home location of Louisiana, a geographical area endemic
for leprosy [49]. Extensive evaluations for potential causes of granulomatous diseases were
performed, including assays for chronic granulomatous disease (CGD) and interferon-
gamma/interleukin-12 functional analyses and for human immunodeficiency virus (HIV) by
serology and direct DNA testing; all tests were normal. Long-term anti-mycobacterial
therapy of isoniazid, rifampin, azithromycin and dapsone resulted in resolution of active
lesions by 12 years of age, but left the patient with significant cutaneous scarring. During the
treatment period for the tuberculoid leprosy, at age 9-10 years, disseminated cutaneous EV-
HPV (pre-malignant types 5 and 17) developed in P1. The EV-HPV was generalized mostly
at extremities, chest, neck and hairline. Concurrently, she had oral mucosal and cutaneous
HSV-1 (culture-confirmed) lesions that were evanescent and responsive to oral acyclovir
when they occurred. At 11-12 years, a non-resistant and localized staphylococcal cellulitis
developed under the site of one of the granulomatous lesions at the thigh, which resolved
with intravenous nafcillin. She had a persistently low IgA and IgM from debut. However,
despite an 1gG that remained in normal range for age, monthly intravenous immunoglobulin
(IVIG) was started. She had bronchiectasis (Fig. 5¢) and was treated for persistent asthma
with moderate-dosed inhaled corticosteroid, airway clearance and as-needed bronchodilator.
Intravenous pentamidine or oral trimethoprim-sulfamethoxazole was also given for
pneumocystis prophylaxis. No organisms were uncovered from bronchoalveolar lavage or
lung biopsies. At 15 years of age, P1 developed an acute, severe leukopenia associated with
fatigue, which prompted screening for malignancy. She was found to have worsening of her
chronic lung disease with new cervical and mediastinal lymphadenopathy. Stage 1V
Hodgkin's lymphoma (HL) was confirmed by cervical lymph node biopsy (positive for
Reed-Sternberg cells as CD20* and CD4" and abnormal cells were positive for EBV by
staining and encoded RNA in-situ hybridization) and comprehensive staging evaluation.
While receiving immunosuppressive chemotherapy for HL, she developed a diffuse large B-
cell CD20°CD38* lymphoma (DLBCL) with plasmacytic differentiation that manifested as a
conjunctival mass and was also found in the liver as two abnormal populations of
kapparestricted CD20*(dim) and CD38*(bright) plasmacytic cells by flow cytometry and
were also positive for EBV by in-situ analyses. Aggressive interventions, including salvage
haploidentical stem cell transplantation, with her biological mother as the donor, failed to
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result in immunoreconstitution and the malignant processes progressed to death. It was not
until just before her death at 16 years of age and after the DLBCL occurred, that peripheral
blood EBYV titers acutely rose within a 2-month period from 300 copies/ug to >262,144
copies/ug (the level that exceeded the linearity of the assay, Center for Cell & Gene
Therapy, Baylor College of Medicine). Autopsy was not performed.

Patient 2, Younger Male—Alive (P2)—P2 is the younger male sibling of P1 and the
product of an uneventful pregnancy, with the same parents as P1; he had normal
developmental milestones. Within the year of initial presentation of the mucocutaneous
disease of EV-HPV and molluscum with recurrent oral ulcers, P2 developed a severe anemia
(hemoglobin 3.8 g/dL) and febrile seizures due to Parvovirus B19 infection, evident by
8.3x107 copies B19 DNA/mI plasma and erythroid maturation arrest at pronormoblast stage,
including giant pronormoblasts with nuclear viral inclusions on bone marrow biopsy. Prior
to deriving Parvovirus B19 as the cause to the red cell suppression (also before the CORO1A
mutations were known), telomere length testing was performed. The telomere lengths were
abnormal, significantly below the 15t percentile for P2 in total lymphocyte and granulocyte
populations and for the subsets identified by Repeat Diagnostics, resulted as: CD45RA T
cells; CD20* B cells; and CD57* NK cells. Recognizably, impurities to the subsets
identified by Repeat Diagnostics were possible. Nonetheless, all telomere length results for
P2 repeatedly resulted as “very low” (VL) within all lymphocytes tested, indicating that
telomere lengths were all less than the 15 percentile for age. Within 1 month from the
parvovirus B19 infection, the parvovirus DNA load reduced by 103-fold and clinical disease
resolved. However, after resolution of Parvovirus B19 disease, repeated telomere studies
revealed continued persistence of very low telomere lengths across all subsets (Fig. 3). He
also had recurrent sinopulmonary infections, a moderate persistent asthma component
confirmed by pulmonary function tests, and bilateral bronchiectasis verified on computed
tomography (CT) scan (Fig. 5d). P2 also received IVIG antibody replacement monthly (at
500 mg/kg every 4 weeks), despite presence of specific antibody and normal I1gG levels.
Pneumocystis prophylaxis was also given with trimethoprim-sulfamethoxazole or
intravenous pentamidine. At time of this publication, P2 had active EV-HPV and
molluscum, asthma and bronchiectasis. He had not had any mycobacterial disease,
malignancy or elevation in EBV and was in preparation for stem cell transplantation.
Notably, physical exam also revealed mildly low-set posteriorly rotated ears with normal
pinnae and folds, but no other abnormalities, such as intellectual disabilities or problems
with behaviors or social interactions. Neither of the affected siblings had fungal or
pneumocystis infections.

COROI1A Clinical Phenotype—Deficiency of Coronin-1A Protein

To validate that our genetic and clinical findings could be explained by a deficiency of
Coronin-1A, we also performed Western blot analyses on the surviving members of this
CORO1A kindred. Specimens available for protein analyses were on P2 (the surviving
younger male sibling), P3 (biological mother) and P4 (biological father). Results are shown
in Fig. 6 that illustrate absence of Coronin-1A protein and diminished Myosin 1A protein in
the affected P2. Presence of Coronin-1A and Myosin I1A proteins were identified in both
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parents, P3 and P4. Western blot studies were not able to be formed on the deceased index,
P1. Normal controls were applied for Coronin-1A and Myosin I1A assays (Fig. 6).

Discussion

We uncovered the rare Coronin-1A deficiency from WES genomic studies and Sanger
confirmation that documented the trans localization and compound heterozygous CORO1A
mutations in our two affected siblings, with a novel exon 11 variant identified, inherited
from the mother. The paternal exon 4 Louisiana variant was previously found to represent a
null allele that manifested as SCID with intolerance to varicella vaccine [23, 24]. The two
nucleotide deletions in genomic position 9.30197968-30197969 (hg19) caused a frameshift
at codon 83 (proline substituted with arginine) that, after 10 codons, ended in a premature
stop, and the shortened, aberrant mMRNA transcript likely would be quickly eliminated by
nonsense-mediated mMRNA decay (NMD). By contrast, the nucleotide deletion of cytidine in
position g.30199693 (hg19) in exon 11 (NM_001193333) caused a frameshift from codon
360 and the further 44 codons were aberrantly transcribed before the premature stop codon
at the junction between the C-terminal extension and the coiled coil (cc) domain.
Interestingly, the exon 11 mutation is located within a loop between the propeller and the
Unique region of the C-terminal extension (CE) (Fig. 7a). This loop is highly conserved
across species (Fig. 7b), and is responsible for stabilization of Coronin-1A protein's 3-
dimensional-propeller structure. [39, 50]. The novel mutation's localization is illustrated in
the murine model of Coronin-1A (Fig. 7c). The available murine protein mode 2AQ5 did
not include the cc domain. A functional cc domain is required for the Coronin-1A
homotrimerization [51, 52], which is indispensable for the Coronin-1A's downstream
activity since the cc domain contains the binding site for F-actin. Thus, in the event of a
NMD escape with transient expression of a truncated Coronin-1A protein (when of a
destabilized propeller structure and lacking the cc domain), Coronin-1A would be predicted
to occur as a monomer only, rendering F-actin defective for binding and its downstream
action.

The first reported CORO1A patient with two null mutations was by Shiow et. al. and the
child presented with a severe SCID clinical phenotype. In the second CORO1A kindred,
reported by Moshous et. al, three siblings were homozygous for the missense mutation and
had features consistent with both CID and SCID. Our CORO1A patients shared selected
immune and clinical findings with these reports, yet also had novel phenotypic properties
not previously reported such as the even later, insidious presentations with the unusual
mucocutaneous-immunodeficiency syndrome and shortened telomeres not before associated
with Coronin-1A deficiency. Moreover, we found abnormalities in also B and NK cells in
the face of normal percentages of total CD3* T-cells, revealed as a skewed TCR with
absence of the naive T-cell subpopulation in the affected siblings; the parents had subclinical
mild immunodeficiencies isolated to NK cells for the mother and T-cells for the father, of
undetermined significance. Additionally we confirmed absence of Coronin-1A protein
expression in the affected (P2) and found presence in both parents (P3 and P4). Since our
patients were found to be compound heterozygous for one null mutation, it may have been
possible that the novel exon 11 variant could potentially confer unique disease-modifying
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factors responsible for the immune and clinical phenotypes we observed in this CORO1A
kindred.

As found in our kindred and in the two existing reports, the Coronin-1A deficiency immune
signature appears to be a profoundly low to absent CD4*CD45RA* naive T-cell
subpopulation with a preponderance of DN T-cells defined as Y& T-cells, a subpopulation
described as limited in diversity as compared to the a afi-heterodimeric TCR. In addition,
CD19*CD27* memory B cells can be very low or absent and NK cells can be abnormally
low. Yet, normal levels may be found for total IgG, specific humoral memory, percentages
of total CD3* T-cells and antigen-induced T-cell lymphoproliferation.. An elevated serum
IgE, also seen, may represent an integral part of the Coronin-1A deficiency syndromes or
may be an atopy overlap.

Remarkably, live viral vaccines were tolerated (varicella and measles-mumps-rubella) in
both of our CORO1A-affected siblings. Classically in all SCID types, the result of exposure
to live viral vaccines is life-threatening in severe T-cell defects [53]. However, tolerance to
inadvertent live-vaccine exposure has been seen in patients with deletion 22g11.2 as partial
DiGeorge Syndrome, who did not have absence of naive T-cells but who did have mild T-
cell impairments [54]. Despite the severe naive T-cell and memory B-cell lymphopenias
found in our affected siblings with Coronin-1A deficiency their clinical presentations were
not typical for SCID and more so consistent with a CID or a hypomorphic SCID given their
clinical onset as pre-teenagers and manifestations of the chronic bronchiectasis and
lymphoma susceptibility. In the CORO1A mutation cases published to date, when
lymphomas did develop as EBV-associated, they were severely lifeshortening whether the
presentation of Coronin-1A deficiency was as SCID and CID. EV-HPV, particularly with
types 5 and 17, plays a role in malignant transformation risks [55-59], but HPV-driven
cancers were not seen in our patients. However, with one of the shared variants in STAT2 or
STATS5A identified in our affected siblings, a malignancy risk was considered since somatic
occurring variants in these genes are linked to apoptosis resistance and reported by others in
lymphomas [60-62]. But, functional testing of the consequences of the particular STAT5A
variant in our CORO1A kindred did not reveal any secondary transcriptional changes
compared to normal controls (Warren Leonard NIH/NHLBI). Thus, malignant susceptibility
and the EBV-induced lymphomas observed in Coronin-1A deficient patients may be
partially explained by the impaired lymphocyte integrity associated with abnormal or absent
Coronin-1A.

In Wiskott-Aldrich Syndrome protein (WASp) immunodeficiency disorders, F-actin and
Arp2/3 have been determined as essential to the lymphocyte cytoskeleton and functional
immune synapse, yet the mechanisms regulating these physiologic functions are not exactly
understood [63-66]. In Coronin-1A deficiency, F-actin and Arp2/3 may also change
immune cell morphology and function with direct consequences on T as well as B and NK
cellular development and survival, with potential for like mechanisms to those found in
WASp, particularly related to cellular communications critical to immune function [65, 66]
and may be linked to the susceptibility to mycobacterial organisms. [35, 67]. The regulatory
mechanisms of lymphocyte production, maturation and migration connected to immune
function during cellular development when faced with F-actin distortion in Coronin 1A-
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deficiency have yet to be explained [68-70] as well as the impact of these changes on micro-
organism susceptibility and lymphoma risks.

Before CORO1A was a known etiology, we had pursued specific immunodeficiency
diagnoses, all of which were not proven. In particular, we highly considered known
mutations: in EVER1/EVER2 given the disseminated HPV-EV [55-59]; CXCR4, which
results in WHIM (warts, hypogammaglobulinemia, infections and myelokathexis) syndrome
and may have naive T-cell abnormalities [71-73]; DOCKS, with viral infections and an
immunodeficiency with elevated IgE [74]; inherited MST1 deficiency and RHOH defects,
with increased EV-HPV susceptibility and T-cell defects[75, 76]; hypomorphic mutant
forms of SCID, particularly due to defects in RAG1/RAG2 and Omenn syndrome; and
immune defects that impact STAT function. [14, 21, 22, 77]. Interferon-gamma/IL-12
pathway defects, including those of low penetrance, and NFkB immune defects known for
susceptibility to mycobacterial and viral diseases, were also examined. [78-80]. The
shortened telomere findings drove further analyses, especially in the absence of confirming
Dyskeratosis Congenita (DC). Although we were subsequently unable to determine
definitively whether the very short telomeres (Fig. 3) tracked with the Coronin-1A
deficiency state, inspection of P2's WES variant file did not reveal any potentially or clearly
deleterious variants among genes previously implicated in telomere biology (81-83). It is
accepted that telomere length <15t percentile in the lymphocyte populations in telomere
length flow FISH assays is highly specific and sensitive for the telomere biology disorder
DC [81-84]. However, we proved absence of Coronin-1A protein in our CORO1A affected
siblings who did not have DC mutations, and our CORO1A affected siblings did not
manifest the mucocutaneous triad specific to DC of oral leukoplakia, nail dystrophy and
abnormal reticulated skin pigmentation or bone marrow failure, which are highly penetrant
in DC. Whereas the increased cancer risk has been reported in patients with DC, neither
cancer types that occurred in our P1 (HL or DLBCL) were prevalent in well-studied DC
cohorts [84-86]. Furthermore, the immune defects in DC may be progressive, as in
Hoyeraal-Hreidarsson Syndrome [87], but have not been defined as specific to a naive T-cell
lymphopenia [87-89]. Therefore, we suspect that CORO1A does not represent a new DC-
associated gene, but rather that the abnormally short telomeres are likely related to the
CORO1A mutations identified and the Coronin-1A deficient cells may have either altered
telomere maintenance or accelerated shortening. Notably, a genome-wide yeast two-hybrid
screen detected an interaction between Coronin-1A and Potl [90], a telomere-associated
protein and a key regulator of telomerase, (the telomere replication enzyme [91]), raising the
possibility that the Coronin-1A deficiency state may result in altered cellular localization of
Potl, which transits through the cytoplasm [92]. Alternatively, the F-actin interruptions
observed in the context of a Coronin-1A deficiency may also affect filamentous
chromosomal networks, and secondarily, telomere stability. The shortened telomere lengths
may then represent clonal exhaustion in the setting of persistent stimulation on an impaired
immune system when Coronin-1A is defective.

Although learning disorders were identified in the two previous reports, dysmorphic facial
features were not mentioned as part of CORO1A-mutation immunodeficiencies as observed
in P2 of our kindred, albeit mild The particular gene(s) responsible, when haploinsufficient,
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for the cognitive impairments, learning difficulties and autism spectrum disorders within the
recurrent 16p11.2 microdeletion region, still remain to be determined. KCTD13 gene is the
strongest candidate, since deletions and duplications of this gene cause macrocephaly and
microcephaly in mice, resembling the human del16p11.2 and dup16p11.2 phenotype and
persons with del16p11.2 with the reciprocal dup16p11.2 do have mild dysmorphic facial
features [29, 93, 94]. Coronin-1A is highly expressed in microglia in the brain and may also
play an instrument in the neurocognitive orchestration reflected by the dynamic properties of
microglia [95]. However, no severe learning difficulties or social interaction problems were
reported in our CORO1A kindred.

Conclusion

We report the first compound heterozygous CORO1A mutations with a novel exon 11
variant, identified by WES, and is now the third known Coronin-1A deficiency kindred.
Patients with CORO1A mutations may present as SCID or CID clinical phenotypes and all
lymphocyte lineages may be impaired, with naive T-cell lymphopenia as the most severe
immunologic hallmark, even when percentages of total CD3* T- cells may be within or near
normal range for age. Risks for bronchiectasis and lymphomas, exacerbated by EBV, are
likely. A mucocutaneous-immunodeficiency syndrome, especially of EV-HPV, molluscum
and HSV, and even leprosy, may be one of the primary clinical presentations in Coronin-1A
deficiencies, and may not be apparent until pre-teen years in otherwise seemingly well-
appearing pediatric patients who are described as atopic with recurrent sinopulmonary
disease and a chronic dermatitis. Neurocognitive disorders may not be present in all
Coronin-1A deficient patients, yet a range of dysmorphic and developmental disorders may
be possible. Shortened telomere length in lymphocytes and granulocytes may be found not
only in DC but also in Coronin-1A deficiency, however, the relationship and its interface
with the described CORO1A immunodeficiency is a point for further analyses.

Newfound Coronin-1A deficiency associations will continue to surface as more kindred with
CORO1A mutations are identified, especially with the application of new-generation deep
sequencing technology [96, 97]. We now have validated and expanded the important
distinguishing immunologic and clinical characteristics that define CORO1A mutations and
reveal an association of very short telomere lengths in Coronin-1A deficiency. Further
analyses of the role of Coronin 1A [98] on immune cell development and function and the
immunogenetics of Coronin-1A deficiency states are necessary to further explain the impact
of differing CORO1A mutations on the affected and on carriers.
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CORO1A Genotype in our Kindred: Mutations in the CORO1A gene identified by Whole
Exome Sequencing (WES) in Two Affected Siblings with absent naive T-cells and memory
B cells and increased double negative T-cells manifested as a late-onset Mucocutaneous
Syndrome. A The CORO1A locus at chromosome 16p11.2, in position g. 30194731
30200397 (hg19), and the genomic structure of the CORO1A gene with exons 1-12
(NM_001193333), with attention to exons 4 and 11, are illustrated to show the intragenic
locations of the two mutations. B Arrows from exon 4 and 11 mutation loci define the
columns matched to the results from WES and Sanger sequencing. WES results are
visualized in IGV and shown in forwards strands, while the Sanger sequencing results are
shown on the reverse strands. Black bars indicate the deleted nucleotides. Control sequence
shown at the bottom. C The pedigree with familial segregation shown is positioned
vertically to diagrammatically match family member to their mutations in row of their
resultant mutations: deletion of 2 nucleotides in position g.30197968_30197969; c.

248 249delCT in exon 4 (both siblings and father) and a single nucleotide deletion g.
30199693; ¢.1077delC in exon 11 (both siblings and mother). WT, wild type.
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Fig. 2.
COROZ1A Immune Phenotype: Longitudinal Lymphocyte Subsets for P1 and P2. The

relative percentages of lymphocyte subsets are illustrated, at onset and at different age
points, and the predominant clinical phenotype is marked in association with the timing of
presentation for Patients 1 and 2. Despite normal to elevated percentages of CD3* T-cells,
the distribution of CD3*CD4" T-cells was low with an inverted CD4:CD8 ratio and an
increased double-negative T-cell population was identified as Y§ T-cells. CD4*CD45RA*
naive T-cells and CD19*CD27* memory B cells were both consistently near-absent. CD19*
(not shown) and CD20* were equivalent
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Fig. 3.

10 20 30 40 50 60 70 80 90 100

Telomere length assay results on P2. Telomere lengths were very low (<1st percentile) for
all cell populations assayed by Repeat Diagnostics, Vancouver, BC Canada. MTL = Median
Telomere Length; MTLN =Normal MTL at age (50th percentile); INT = Telomere Length
Interpretation; VL = Very Low (< 1st percentile)
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Fig. 4.

Unique COROL1A clinical phenotype in P1: cutaneous ulcerations and histopathology of
tuberculoid leprae with caseating granulomas from skin biopsies from CORO1A P1, index
case. Skin lesions, shown from upper extremities (Panel A. and B., respectively), were
insensitive to pain despite disseminated granulomas and ulcerations. Histopathology (Panel
C.) revealed subcutaneous necrotizing caseating granulomas with perineural involvement.
Rare acid fast bacilli (AFB) were identified (Panel D.). Perineural granulomas by
histopathology with rare AFB and skin lesions insensitive to pain were consistent with
tuberculoid leprae due to Mycobacterium leprae. (Department of Pathology, Texas
Children's Hospital and the National Hansen's Disease Programs, Baton Rouge, Louisiana)
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Fig. 5.
Similarities in the CORO1A Clinical Phenotype in P1 and P2: Cutaneous EV-HPV and

Molluscum Contagiosum, and Bronchiectasis in the affected siblings, P1 (aand ¢) and P2 (b
and d). The cutaneous lesions of epidermodysplasia verruciformis and molluscum are shown
on extremities for P1 when she was 8 years of age (a) and Patient 2 when he was 7 years of
age (b). The confluent sheaths of fine, shiny erythematous and hyperpigmented, fleshy warts
were identified as epidermodysplasia verruciformis and the scattered umbillicated lesions
were molluscum. Histopathology for P1 confirmed human papilloma virus types 5 and 17.
Bronchiectasis was also found in both siblings (Chest CT scans are shown for P1 (c) at 9
years of age and Patient 2 (d) at 8 years of age

J Clin Immunol. Author manuscript; available in PMC 2015 April 06.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Stray-Pedersen et al. Page 28

C P2 P4 P3

Coro1A
(57 kDa)

Myo [1A
(~200 kDa)
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Fig. 6.

Cc?ronin 1A novel compound heterozygous mutation results in loss of protein expression.
Lymphoblastoid cell lines from a healthy donor control (C) Patient 2 (P2), his father (P4),
and mother (P3) were lysed and evaluated by Western blot analysis for Coronin 1A and
Myosin 1IA, which was used as a loading control. Equal protein amounts were loaded into
each lane as measured by quantitative colormetric protein assay. The density of Coronin 1A
protein expression was quantified relative to the Myosin I1A loading control and expressed
below each lane as normalized value relative to the healthy donor control
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d. _
C-terminal
Coroninla protein: wo40 dﬂmain-f-bladed B-propeller ex.elnsian

Normal wt

1 13-63 3-110  123-160 164-204 207-251 258-296 302-349 352 392 424 461

Exon 4:
p.P83RfsX10

Exon 11:
p.Q360RfsX44

Fig. 7.
The predicted protein product compared to the normal structure and amino acid sequence of

wild type (wt) Coronin-1A protein. a Predicted schematic protein structure of mutant versus
wt Coronin-1A. Abbreviations: Coiled c, Coiled coil domain; Cons, conserved region of the
C-terminus extension; NE, N-terminal extension; Unig, Unique region of the C-terminal
extension. b Multiple sequence alignment showing the conservation across species of
CORO1A's C-terminal extension domain. The aberrant transcript caused by the exon 11
mutation is shown and underlined. The site for the first amino acid substitution (Q360R) is
marked in blue, the two sites (Y366 and W379) important for stabilization of the propeller
structure, marked in yellow, and * shows location of the stop codon. ¢ Murine Model
Coronin-1A, 2AQ5, visualized in Cn3D, version 4.32. This 3-dimensional murine 2AQ5
model includes parts (amino acids 8-10) of N-terminal (blue), the whole WD40 domain
with the 7-bladed beta propeller (pink) and main parts of the C-terminal extension, but not
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the coiled coil domain. The exon 11 mutation is marked * at the first frame shifted amino
acid (Q360R) and the whole frame shifted region (amino acids 360-403) in the C-terminal
extension is marked in yellow. The open access wt murine 3D model is available at http://
www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml
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Summary of Genotypewith Immune and Clinical Phenotypesin our CORO1A Kindred

COROI1AKindred

Patient 1 Female (Index)

Patient 2 Male
(Younger Sibling)

Patient 3, Mother

Patient 4, Father

Thymus
Live Viral Vaccines
Immune Phenotype

T-cells

B-cells

NK-cells (nadir)
Clinical Phenotype
Onset (7 years)

Mid (9-10 years)

Late (14-16 years)

Malignancy
Survival

Other

Autism/ADHD Disorders

Dysmorphic features

Present

Tolerated

Absent Naive T-cells

High DN (Y§) T-cells,

Low CD4 T-cells

Low Mitogen LPA

Absent memory B-cells

High IgE

Normal 1gG

Low IgM, IgA

Specific Antibody Loss (Table 2)
Low (9%)

Cutaneous Leprosy
Mucocutaneous HSV-1
Rhinosinusitis”™
Asthma™

. .k
Bronchiectasis

Staphylococcal cellulitis

Cutaneous EV-HPV*, types 5 & 17

Cutaneous Molluscum™
Staphylococcal cellulitis
Lymphoma

1 Hodgkins

Present

Tolerated

Absent Naive T-cells
High DN (Y38) T-cells
Low CD4 T-cells

Low Mitogen LPA
Absent memory B-cells
High IgE

Normal 1gG, M, A

Specific Antibody intact
Low (5%)

Cutaneous EV-HPV™
Cutaneous Molluscum™
Rhinosinusitis”™
Asthma™

Bronchiectasis™
Parvovirus B19 Sepsis

Mucosal HSV

NA

2 Large B-cell, EBV-associated

Yes
Death, 16 years of age

No
No

No
Alive

No
Subtle

ND
NA

Normal
Normal
Normal
Normal
Normal
ND

ND

Low (2%)

No disease

No disease

No disease

No
Alive

No
No

ND
NA

Normal

Normal

Low CD4 T-cells
Normal

Normal

ND

ND

ND

Normal

No disease

No disease

No disease

No
Alive

No
No

Abnormalities in the immunologic and clinical presentations are shown. Immune abnormalities were persistent from the onset of findings stated.
The clinical findings are arranged by periods in year of presentation. All phenotypic manifestations presented prior to stem cell transplantations
(SCT). SCT for P1, haploidentical maternal donor at 15 years of age before CORO1A diagnosis was known and for P2, in preparation upon
confirmation of this CORO1A finding

*
Persistent diseases

Abbreviations: ADHD, attention deficit hyperactivity disorder, NA, not applicable; ND, not done
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