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Successful hematopoietic stem cell transplantation
in a patient with a novel mutation in coronin 1A
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ABSTRACT

Introduction: Coronin 1A is part of a family of highly conserved actin regulatory proteins with key roles in T cell
homeostasis and T cell receptor signaling. Null mutations in coronin 1A result in severe combined immuno-
deficiency, whereas hypomorphic mutations have been associated with a somewhat milder immunological
phenotype. Nevertheless, all patients described so far have markedly reduced naive peripheral T cells,
impaired T cell responses to mitogens, and limited T cell receptor diversity. Interestingly, despite poor thymic
output, thymus architecture appears normal. To date, only 2 cases of hematopoietic stem cell transplantation
(HSCT) have been reported in coronin 1A deficiency.

Aim: To describe the identification, transplantation course, and long term outcome of a Canadian Inuit patient
diagnosed with coronin 1A deficiency.

Methods: Patient chart review was performed in accordance with institutional research ethics approval.
A combination of immunological investigations and molecular genetic analyses were utilized to identify a novel
mutation in the tryptophan-aspartate repeat region of coronin 1A. Based on the patient’s profound T cell dysfunc-
tion, the decision was made to proceed with HSCT.

Results: The patient presented with a history of recurrent urinary tract infections, otitis media, and developmental
delay involving poor axial and peripheral muscle tone. Axillary lymphadenopathy was noted and subsequent
thymus biopsy revealed aberrant CD7+ T cell deficiency. Lymphocyte responses to mitogens and T cell receptor
excision circle levels were markedly reduced, consistent with the diagnosis of severe combined immuno-
deficiency. Whole exome sequencing and Sanger confirmation revealed a novel mutation in coronin 1A. HSCT
using a HLA-matched unrelated donor resulted in long term engraftment and solid immune reconstitution.

Conclusion: Very few patients with coronin 1A deficiency have been described to date, making it difficult to
evaluate its natural history and management. Here, we describe the presentation, identification, transplantation,
and outcome in our patient.

Statement of novelty: We describe the successful hematopoietic stem cell transplantation course and outcome
in a patient with a novel mutation in coronin 1A.

Introduction (Rybakin and Clemen 2005; Mueller et al. 2008), and
is expressed in a number of hematopoietic cells, includ-
Coronin 1A is a key regulatory protein involved ing lymphocytes, macrophages, and NK cells (Oku et al.

in cytoskeletal remodeling and calcium signaling 2003). Part of a larger family of highly conserved actin
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regulatory proteins (Xavier et al. 2008), the structure of
coronin 1A comprises: (i) an amino tryptophan-
aspartate (WD) repeat-containing region forming a beta
propeller—a motif involved in plasma membrane
binding; (i7) a unique region; and (iii) a leucine zipper
coiled-coil domain that is required for oligomerization
and cytoskeletal association (Gatfield et al. 2005;
Kammerer et al. 2005).

The 46 amino acid, 57 kDa actin binding protein is
encoded by the COROIA gene, located on chromosome
16p11.2 (Suzuki et al. 1995). Essential roles for coronin
1A have been reported in cell survival, migration,
phagocytosis, vesicular trafficking, and signal transduc-
tion (Rybakin and Clemen 2005; Foger et al. 2006;
Mueller et al. 2008, 2011). In murine studies, loss of
coronin 1A expression is associated with T lymphocyto-
penia, due in part to aberrant T cell receptor mediated
proliferation and failure of T cells to progress through
the cell cycle (Foger et al. 2006; Haraldsson et al. 2008;
Mueller et al. 2008; Mugnier et al. 2008; Shiow et al.
2008). Dysfunctional CD4+ T helper cell and associated
IgG responses have also been reported (Tchang et al.
2013), while B and NK cells remain at normal levels.
In humans, null mutations in COROIA resulting
in complete absence of coronin 1A expression are
associated with a severe combined immunodeficiency
phenotype (Shiow et al. 2008), while hypomorphic
mutations lead to somewhat milder immunological
manifestations (Moshous et al. 2013; Yee et al. 2016).
In all cases described so far, patients experienced recur-
rent infections, had markedly reduced naive peripheral
T cells, and impaired T cell responses to mitogens
(Moshous et al. 2013; Mace and Orange 2014). All but
3 patients showed failure to control Epstein-Barr virus
(EBV) predisposing to B cell lymphoproliferation and
lymphoma (Yee et al. 2016; Dinur Schejter et al. 2019).
Interestingly, the thymus of coronin 1A deficient
patients appears normal, indicating that loss of naive
T cells may be due to defects in cell survival.
Variability in humoral function, B and NK cell counts,
as well as T cell responses to mitogens and antigens
have been described among affected individuals.

To date, only 2 patients with coronin 1A deficiency
are reported to have received hematopoietic stem
cell transplantation (HSCT). The first had a human
leukocyte antigen (HLA)-matched unrelated donor
transplant at the age of 4 years (Shiow et al. 2009).
Although the procedure was successful, a full account
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of long term outcome has not been provided. The
second patient received 6/6 HLA-matched parental bone
marrow, however, died at 4 months post-transplant due
to respiratory failure (Moshous et al. 2013).

Here, we describe a novel mutation in coronin 1A in a
patient of Canadian Inuit origin. The patient success-
fully underwent HSCT using a HLA-matched unrelated
donor and achieved long term engraftment and solid
immune reconstitution.

Methods

Patient

Patient chart review was performed following
informed consent, and in accordance with a research
ethics approved protocols.

Serum concentration of immunoglobulin
and specific antibodies

Serum concentrations of immunoglobulins were
measured by nephelometry. Levels of serum antibodies
to tetanus were measured by ELISA.

T and B cell proliferative response
Lymphocyte proliferative responses to mitogens
including phytohemagglutinin (PHA) and anti-CD3.
All assays were performed in triplicate and were com-
pared with simultaneously stimulated normal controls.

Exome sequencing and variant calling

DNA from blood was submitted to The Centre for
Applied Genomics (TCAG), Toronto, ON, Canada for
exome library preparation and sequencing. DNA was
quantified by Qubit DNA HS assay (Life Technologies,
Carlsbad, CA, USA) and 100 ng of input DNA was used
for library preparation using the Ion AmpliSeq Exome
Kit (Life Technologies) according to the manufacturer’s
recommendations. The Ampliseq Exome library was
immobilized on Ion PI"" Ton Sphere™ particles using
the Ion PI Template OT2 200 Kit v3. Sequencing was
performed with the Ion PI Sequencing 200 Kit v3 and
TIon PI Chip v2 in the Ion Proton™ semiconductor
sequencing system following the manufacturer’s
recommendation.

Alignment and variant calling were performed
using Torrent Suite (v4.0) on the Ion Proton Server,
using the Ion Proton ampliseq germline low stringency
setting and the hgl9 reference genome. The variants
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were annotated using an in-house annotation
pipeline (Stavropoulos et al. 2016) based on Annovar
(November 2014 version) (Wang et al. 2010) and
RefSeq gene models (downloaded from UCSC 1
August 2015).

Sequencing analysis

Patient’s genomic DNA was extracted from peripheral
blood lymphocytes using the Geneaid Genomic DNA
Mini Kit. Genomic DNA was amplified by PCR with
specific primers designed upstream and downstream of
the coronin 1A gene. Sequencing was done using
GenomeLab Dye Terminator Cycle Sequencing (DTCS)
Quick Start Kit (Beckman Coulter) and analyzed on
CEQ 8000 Genetic Analysis System (Beckman Coulter).

Western blotting

Whole-cell lysates were prepared in a 1% Triton
X-100 buffer and analyzed by Western blotting.
Anti-coronin 1A antibodies were purchased from
Creative Diagnostics Inc. and Gia3 were purchased
from Santa Cruz Biotechnology Inc.

Results

Case presentation

The female patient was born at term to a single
mother of a 4 year old male, and is a product of consan-
guineous Canadian Inuit parents. Serology during
pregnancy was negative for hepatitis B and HIV.
Group B Streptococcus was positive and during labor
she received 3 doses of penicillin G. There were no labor
or postnatal complications and her birth weight was
3882 g. As per routine practice in her community, she
received the live-attenuated BCG vaccination shortly
after birth.

At 1 month of age, the patient had vomiting episodes
which raised the possibility of pyloric stenosis.
At 2 months of age, she suffered a right upper lobe
pneumonia and the nasopharyngeal swab was positive
for parainfluenza at the time. At 6 months of age, she
had recurrent urinary tract infections and urine cultures
grew Escherichia coli and Klebsiella. A renal ultrasound
was normal.

Developmental assessment at 6 months revealed
a delay as she was not sitting up on her own. Her
muscle tone was decreased axially and peripherally.
At 6 months of age, she was admitted for diarrhea that

lasted for 3 weeks. Clostridium difficile was detected in
the stool and she was given a 10 day course of metroni-
dazole. She also suffered chronic suppurative otitis
media bilaterally since the age of 3 months.

X-ray revealed some atelectasis and chronic changes
in the upper right lobe. Blood counts revealed anemia
with a hemoglobin level of 104 g/L, a low white cell
count of 3.9 cells/pL and low lymphocyte count of
0.5 10° cells/L.

At the age of 7 months, she was transferred to a
tertiary care center and was noticed to have axillary
lymphadenopathy. A lymph node biopsy showed
confluent well-formed non-necrotizing granulomas,
while architecture and cellularity were normal. Ziehl-
Neelsen staining revealed abundant acid-fast bacilli and
cultures grew Mycobacterium bovis. Bronchoalveolar
lavage fluid microbiological cultures were negative
including mycobacteria. She was started on appropriate
anti-mycobacterials. Circulating lymphocytes were low
with only 135 CD4+ and 15 CD8+ cells/pL. Responses
to mitogens were markedly reduced and T cell receptor
excision circle (TREC) levels were only 2.

Immune evaluation

At 7 months of age the patient had profound lympho-
penia. Flow cytometry revealed 202 CD3+, 135 CD4+
and 34 CD8+ T cells/pL, 194 CD19+ B cells/pL and
normal numbers of circulating CD16/56+ NK cells/pL.
Most CD3+ and CD4+ T cells were also CD45RO+,
suggesting poor thymus output. In vitro responses to
PHA and anti-CD3 were borderline reduced (Table 1).

In contrast, immunoglobulin levels were normal
for age and antibody levels to Tetanus toxoid was
protective, suggesting some partial T cell function.

To ascertain the diagnosis, a thymus biopsy was
performed which revealed an architecturally normal
thymus with medullary Hassall’s corpuscles and normal
corticomedullary demarcation. However, an overall
aberrant deficiency of CD7+ T cells was noted
(Figure 1).

Analysis of CD4+ T cell repertoire demonstrated
reduced representation of Vg1, Vg4, V5.1, V5.2,
V5.3, V9, and V18, whereas V2, V7.1, and V23.3
were over represented. Similarly, CD8+ T cell repertoire
was skewed showing under representation of Vgl, Vg4,
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Table 1: Immune characteristics of coronin 1A deficient patient.

Pre-BMT (age 7 mo)

Post-BMT (age 7 y) Normal range

Lymphocyte count [x 10%L, (NR)] 2.2 (4-10.5) 1.05 (1.5-7) —
Markers [cells/uL, (NR)]

CD3+ 153 (2300-6500) 1432 (900-4500) —

CD4+ 123 (1500-5000) 963 (500—2400) —

CD8+ 10 (500—-1600) 635 (300—1800) —

CD19+ 131 (600-300) 214 (200-1600) —

CD16/56+ 103 (100-1300) 142 (100-1000) —
TRECs (copies/0.5 pg/L DNA) 2 640 >400
Mitogenic response (Stimulation index/control)

PHA 46/417 543/417 >300
Antigenic response

Candida ND ND —
Immunoglobulins [g/L, (NR)]

IgG 5.03 (2.7-9.2) 7.5 (5.4-13.6) —

IgM 0.61 (0.27-0.80) 0.5 (0.5-1.9) —

IgA 0.20 (0.10-0.55) 0.7 (0.5-2.2) —
Specific antibodies

Anti-tetanus (IU/mL) 0.10 7.0 >0.01
Note: NR, normal range.

Patient

cytokeratin

Control

Figure 1: Thymus pathology. Pan cytokeratin staining shows normal thymic
architecture with medullary Hassall’s corpuscles, and a well demarcated medullary
junction (upper panels). Aberrant CD7 deficiency in T cells in the cortex and medulla

were identified (lower panels).

V5.1, V5.3, V7.1, V8, V9, Vi1, Vg13.1, V13,6,
V14, Vgl7, Vg21.3, and V22 (Figure 2).

Retrospective measurement of TREC from the patient’s
Guthrie dried blood spot revealed just 1 copy/3 pL,
a positive screen for SCID.

Genetic analysis

Whole exome sequencing identified a novel homozy-
gous missense mutation in COROIA, c. 602G>A
(p.R201H), and was confirmed by Sanger sequencing
(Figure 3). The mutation is localized to the WD
repeat-containing region of coronin 1A (Figure 4).
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Figure 2: TCRVB repertoire prior to HSCT. Assessment of CD4+ T cell repertoire revealed reduced representation of Vi1,
V4, Vb1, Vph.2, V5.3, V9, and V18, whereas V2, V7.1, and V23.3 were over represented. Similarly, CD8" T cell
repertoire was skewed showing under representation of Vg1, Vg4, V5.1, V5.3, V7.1, V8, V9, V11, V13.1, V13.6,

Vy14, V17, V,21.3, and V;22.

The patient’s mother was found to be a heterozygous
carrier. Genetic analysis of the patient’s father was not
available.

Coronin 1A protein expression
Western blotting confirmed the complete lack of
coronin 1A protein expression (Figure 5).

HSCT course, engraftment, and outcome
At 13 months of age, the patient received a 9/10
HLA-matched unrelated donor transplant after

myeloablative conditioning with busulfan, cyclophos-
phamide, and alemtuzumab. Neutrophil engraftment
occurred on day 17 post-transplant. She had 1 infec-
tious episode with Pseudomonas aeruginosa bacteremia
at day 4 post-transplant, which responded rapidly to
antibiotic treatment. Cyclosporine and methyl predni-
sone prophylaxis prevented acute graft versus host dis-
ease. However, at 1.5 years post-transplant she had an
episode of fever associated with generalized rash, hemo-
lytic anemia, and pancytopenia. Bone marrow biopsy
showed normal cellularity. She was successfully treated
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Figure 3: Homozygous missense mutation in coronin 1A.
Electropherogram of the wild-type control (upper panel)
sequence and novel homozygous missense mutation
detected in the patient, c.602G>A (lower panel), in the

CORO1A gene.
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Figure 5: Assessment of coronin 1A
protein expression in patient-derived cell
lysates. Western blot analysis reveals the
complete absence of coronin 1A protein
in cellular lysates of our patient (right)
compared to control (left).

with steroids and cyclosporine, but subsequently
developed repeated episodes of hemolytic anemia and
partial scalp alopecia which again responded well to
immunosuppressive medications.

By 2 years post-transplant her immune evaluation
demonstrated full engraftment (86% donor cells) as well
as solid immune reconstitution with normal TREC
levels and normal responses to mitogens and antigens.
She continued anti-mycobacterials (isoniazid, rifampin)
throughout the transplant course without evidence of
BCG disease. These were discontinued around age 3.
She did not develop evidence of graft versus host
disease. Currently, at the age of 7 years, her engraftment
and immune function remain solid (Table 1).
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Figure 4: R201H null mutation in coronin 1A. Depiction of the coronin 1A structure,
characterized by an amino-terminal (NE) region, a tryptophan-aspartate (WD) repeat
containing region, a unique (U) region, and a coiled-coil (CC) domain. The p.R201H
mutation identified in this patient is localized to WD4, which together with the other WD
repeats, is believed to aid in the formation of protein complexes by functioning as a

scaffold protein.
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Discussion

Very few patients with coronin 1A deficiency have
been described so far, making it difficult to evaluate its
natural history and management. The challenge stems
from the observation that the clinical features as well
as the degree of immune dysfunction are highly variable
in these patients.

Our patient presented with a phenotype of severe
combined immunodeficiency; immune evaluation
revealed low circulating T lymphocytes, skewed
T cell repertoire, markedly reduced lymphocyte
proliferative responses to mitogens, and TREC
level (an indicator of thymic output) of only 2. The
thymus, while architecturally normal, was deficient
in CD7+ T cells. In an effort to identify the under-
lying cause of immunodeficiency, we performed
whole exome sequencing and identified a novel homo-
zygous missense mutation in COROIA (c.602G>A),
resulting in p.R201H within the WD repeat containing
region.

In cases where profound T cell dysfunction has been
documented, it is plausible to consider curative HSCT.
We thus proceeded with a 9/10 HLA-matched unre-
lated donor transplant when the patient was 13 months
of age. At 2- and 7-years post-transplant, her immune
evaluations revealed full engraftment, robust immune
reconstitution, as well as normal TREC levels and T cell
responses to mitogens and antigens.

To date, there have been reports of 10 patients (from
6 kindreds) with coronin 1A deficiency (Shiow et al.
2008; Moshous et al. 2013; Stray-Pedersen et al. 2014;
Punwani et al. 2015; Yee et al. 2016; Dinur Schejter
et al. 2019). Here, we describe an 11th patient with a
novel mutation in the WD4 repeat which is necessary
for formation of the beta propeller motif. Mutations
affecting the N-terminal extension (R12L/dell16p11)
(Punwani et al. 2015), WD repeat regions—WD2
(P83R/dell116p11) (Shiow et al. 2008), WD4 (R201C)
(Dinur Schejter et al. 2019), and C-terminal extension
(Q360RfsX44) (Stray-Pedersen et al. 2014) have each
been associated with complete loss of coronin 1A pro-
tein expression, either through truncation codons lead-
ing to nonsense mediated decay of mRNA or possibly
loss of the stabilizing coiled-coil domain. In cases where
residual albeit low levels of coronin 1A were detected
(V134M affecting WD3, and S401fs targeting the CE

region), a somewhat milder immunological phenotype
was described. Nevertheless, attempts to assign
genotype-phenotype correlations are complicated by
the relatively small number of affected individuals,
variability observed in time of disease onset, as well as
novel manifestations that continue to broaden the
spectrum of disease. With the increased use of next
generation sequencing techniques, it is likely that the
identification of further coronin 1A deficient patients
will help to establish effective evidence-based treatment
recommendations.

We have shown here that HSCT using a HLA-
matched unrelated bone marrow donor is a curative
therapeutic option for coronin 1A deficiency, and
results in long term engraftment and solid immune
reconstitution. This report also revealed for the first
time a novel mutation identified in a patient of
Canadian Inuit origin.
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