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Introduction

The study of human primary immunodeficiencies (PIDs) has identified factors critical for
the development and function of the immune system [1]. While typical severe combined
immunodeficiency (SCID) in humans is defined by a profound block in T lymphocyte
production, with or without associated B and NK lymphocyte defects, more heterogeneous
combined immunodeficiency (CID) disorders arise from gene defects that allow T
lymphocytes to mature, but hinder their survival, release from the thymus into the periphery,
or effector functions [2]. Individuals with CID may have both impairment of immune
responses and defects in immune regulation; thus they may experience severe, recurrent and
opportunistic infections as well as autoimmune disorders [3, 4].

Members of the coronin family of proteins are important regulators of the actin
cytoskeleton, and mutations in CORO1A, encoding Coronin-1A, the predominant coronin
expressed in lymphocytes, cause variable degrees of T cell lymphopenia, susceptibility to
infection and immune dysregulation in mice and humans [5-7]. Monoclonal antibodies
against Coronin-1A are being investigated as potential therapy for human autoimmune
diseases and lymphoid malignancies [8, 9]. Here we report a new seventh case of human
Coronin-1A deficiency and review our patient’s findings in the context of current
knowledge.

History of Coronin-1A

Coronin was first identified by de Hostos and colleagues in 1991 through its association
with F-actin in the crown-like structures of the slime mold Dictyostelium discoideum [10].
Several coronins with similar structure were subsequently discovered in mammals. Although
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originally associated with phosphoinositol-specific phospholipase (PI-PL) C [11], the
similarity of Coronin-1A to the actin-binding coronin in Dictyostelium discoideum that is
crucial for cell locomotion, phagocytosis, macropinocytosis and cytokinesis led to an initial
focus on its cytoskeleton remodeling properties. Other roles have since become evident,
among them Ca2* mediated signaling via PLC-y1 [12-14].

Studies of mammalian Coronin-1A began with the spontaneously occurring “peripheral T
cell deficient” or Ptcd mouse [15]. Positional cloning revealed a Corola mutation
underlying the failure of T cells of this mouse to exit the thymus, explaining their absence in
the periphery despite intact thymic differentiation [5]. Several investigators then studied
Coronin-1A knockout, hypomorphic and gain-of-function mice [5, 14, 16, 17]. Shiow et al.
first identified a child with Coronin-1A deficiency whose phenotype echoed the mouse: few
peripheral T cells despite a normal-sized thymus, with normal numbers of B and NK cells
[6]. The T cell intrinsic nature of the human defect was demonstrated by immunologic cure
by allogeneic hematopoietic cell transplantation (HCT). Additional Coronin-1A deficient
patients have been reported [6, 7, 18, 19] (Fig. 1).

Coronin-1A: structure, binding partners and mechanisms of action

Coronins contain multiple repeated motifs of about 40 amino acids that have “WD repeats”
(single letter amino acid codes for tryptophan, W, and asparagine, D), similar to the
subunits of G proteins [20]. Previously known as p57, clabp (coronin-like actin binding
protein) or TACO (tryptophan aspartate-containing coat protein), Coronin-1A is more highly
expressed than other coronins in leukocytes [11, 21, 22]. It is a short, conventional coronin,
with an N-terminal region with 7 WD repeats, a central linker, and a C-terminal coiled coil
(CC) (Fig. 1C) [11, 20]. The WD regions form a 7-bladed p propeller [23] that mediates
plasma membrane binding. Positively charged residues in the linker region form 2 potential
F-actin-binding sites. The C-terminal extension contains a leucine zipper coiled-coil domain
that mediates homo-trimerization and association with the cytoskeleton [24]. Thus
Coronin-1A can link the plasma membrane to the actin cytoskeleton, directly or indirectly,
inducing cytoskeletal remodeling in response to extracellular signals. This activity is
important for signal transduction, migration, phagocytosis, and vesicle trafficking [25, 26].

In addition to binding F-actin, Coronin-1A also binds to the actin related protein (Arp) 2/3
complex [27]. While the Arp2/3 binding site of coronin in S. cerevisiae resides in the C-
terminal linker and coiled coil domain [28, 29], its precise location in mammals is still
undetermined. Coronin-1A freezes the Arp2/3 complex in its inactive conformation,
preventing actin polymerization and further modulating cytoskeleton dynamics.

Association of Coronin-1A with the F-actin cytoskeleton was originally suggested as its
mechanism to promote lymphocyte survival, activation and chemotaxis [17, 24]. However,
further analysis revealed a perhaps more crucial role in mediating the release of intracellular
Ca?* ions through interaction with PLC-y1 [12-14]. Defects in both survival and migration
occur due to defective signaling and calcineurin activation in Coronin-1A-deficient naive T
cells [14, 30].

J Clin Immunol. Author manuscript; available in PMC 2016 February 10.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Punwani et al.

Page 3

Coronin-1A in association with cofilin and actin-interacting protein 1 (Aipl), is also
involved in the disassembly of actin filaments [31], perhaps because its coiled-coil domain
blocks the binding of cofilin to freshly polymerized actin while allowing older filaments to
be degraded [32]. One model suggests that Coronin-1A and -1B together coordinate Arp2/3
assembly and actin depolymerizing factor (ADF)/cofilin disassembly, enhancing the flux of
actin through the filament assembly/disassembly cycle [33, 34]. Finally, translocation of
Rac1 to the plasma membrane also involves Coronin-1A, which in concert with other
proteins, including ArhGEF7, Pakl and RhoGD1a, sets up a relay mechanism to amplify
Rac1 signals in response to F-actin polymerization or other changes induced by engagement
of cell surface receptors and co-stimulatory molecules [35].

Thus, while Coronin-1A is clearly important for cytoskeleton remodeling and calcium
signaling, the precise sequence of intracellular events is yet undetermined; it is unknown
whether Coronin-1A-mediated Ca?* release causes reorganization of the cytoskeleton or
vice versa [36].

Mouse models: knockouts and gain-of-function mutants

Analysis of mice with both knockout and gain-of-function point mutations in the Corola
gene has delineated the role of Coronin-1A in various stages of T cell development, [5, 14,
16, 17]. In all knockout mice the mature single positive T cells in the thymus and periphery
were maximally affected, while immature double negative (DN) and double positive (DP)
thymocytes remained unaffected, correlating with expression levels of the Coronin-1A
protein. Notwithstanding the continuing disagreement on the mode of action of the protein,
all studies have shown that Coronin-1A was essential for TCR-mediated proliferation, 1L-2
production, constitutive activation of the JINK signaling pathway, decreased phosphorylation
of IxB upon stimulation, progression of T cells through the cell cycle, and resistance to
apoptosis [14, 16, 17]. Furthermore, down-regulation of Coronin-1A and the Arp2/3
complex by GRAIL resulted in the induction of T cell anergy, suggesting a role for
Coronin-1A in modulation of T cell signaling [37].

While Coronin-1 deficient mice showed no increased susceptibility to effects of LCMV
infection, they were highly susceptible to VSV infection, attributed to a delay in CD4+
helper T cell function and helper-dependent IgG responses [38].

Despite their immune defects, Coronin-1 deficient mice have been fertile and healthy [13,
17]. However, Coronin-1 is expressed at excitatory neuronal synapses, where it modulates
the cAMP/PKA pathway [39], and mice lacking Coronin-1 displayed behavioral
abnormalities including increased aggression, as well as defective learning and memory
[39]. Further roles for Coronin-1 may emerge.

Coronin-1A and human immunodeficiency

Previously, 6 patients from 3 families have been reported to have CID associated with
mutations in CORO1A (Fig. 1, Table 1) [6, 7, 18, 19]. Here, we describe a seventh patient
with a novel CORO1A mutation as well as the second instance with a chromosome 16p11.2
de novo deletion. This female was born at term after an uneventful pregnancy to healthy
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non-consanguineous parents with no family history of immunodeficiency, early death or
miscarriage, though a half brother had a seizure disorder. Newborn screening for SCID with
a TREC test was not performed. During her first year she experienced oral thrush, severe
diaper dermatitis, pneumonia and 10 episodes of otitis. She also exhibited seizures and
delayed development of gross motor skills and language. She received routine killed
vaccinations through 9 months of age (not live rotavirus vaccine), and at 12 months live
viral vaccines were omitted due to illness. At 14 months she presented with a 7-week history
of fever, lymphadenopathy and night sweats. Her chest radiograph and chest computerized
tomography scan revealed no infiltrates, and thymic tissue was present. She had CD4+ and
CD8+ T cell lymphopenia, nearly absent naive T cells, nearly undetectable T-cell receptor
excision circles (TRECs), and no evidence of maternal T cell engraftment (Table 1). CD19+
B cells and CD16/56+ NK cells were present; she had low serum 1gG, but normal IgM and
IgA. Her initial serum Epstein-Barr virus (EBV) PCR revealed a viral load of 28,870
copies/mL (low positive: 10,000-100,000). Cervical lymph node biopsy showed EBV-
associated diffuse large B-cell lymphoma (CD20[bright], PAX-5+ and BCL2+; negative for
CD5, CD10 and surface immunoglobulin light chains). The lymphoma cells had a Ki-67
proliferation index of 70% and an EBV type IlI latency pattern (positive for EBER, LMP1
and EBNA-2). Cytogenetic analysis demonstrated a normal female karyotype, but molecular
testing showed a clonal IGH gene rearrangement with no clonal TCR rearrangement. Despite
antibiotics, acyclovir, intravenous immunoglobulin, rituximab, and chemotherapy that
included low-intensity preconditioning for a planned HCT, she developed severe
gastrointestinal bleeding and fatal respiratory failure. Autopsy revealed lymphoma involving
the central nervous system, gastrointestinal tract, liver, lungs, and thymus.

A genomic DNA copy number array study revealed a heterozygous interstitial deletion of
chromosome 16p11.2, the region containing CORO1A. Further testing demonstrated a
hemizygous CORO1A missense mutation ¢.35G>T, (Fig. 1), resulting in an arginine to
leucine transversion, p.R12L, in a highly species-conserved region immediately preceding
the first WD domain (amino acids 13-63). The mutation was predicted to be damaging [40],
and indeed, no Coronin-1A protein was detected in an EBV transformed cell line from the
patient, as in the first Coronin-1A deficient patient described by Shiow et al [6] (data not
shown). Our hemizygous patient’s mutant allele harbored a coding SNP that was absent in
the mother, whose CORO1A copy number was normal diploid and whose sequence had no
mutations. Therefore the patient’s CORO1A SNP and missense mutation were likely to be
paternally derived, with her deletion arising de novo on her maternal allele.

All Coronin-1A deficient patients to date have had a T(-/low), B(low/+), NK(low/+)
phenotype (Table 1). Lymphocyte proliferative responses to mitogen stimulation were
impaired, but not absent. Serum immunoglobulins were detectable, but specific antibody
titers following vaccines were low to absent, except against tetanus toxoid. The patients
showed markedly reduced naive peripheral blood T cells, and where measured, TRECs were
nearly undetectable. However, in contrast to typical SCID, all Coronin-1A deficient patients
had thymic tissue detected by imaging, despite profound peripheral T lymphopenia. All
suffered from upper respiratory tract infections; and inability to control EBV was a
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prominent feature, associated with fatal lymphoproliferative syndrome and lymphoma at a
particularly young age.

Our newly reported patient P7, like P1, the original patient of Shiow et al [6], had a
complete loss of Coronin-1A protein expression (data not shown). Each had a de novo
hemizygous 600 kb deletion of over 30 genes on chromosome 16p along with a missense
mutation or 2 nucleotide frame-shifting deletion of the retained CORO1A allele (Fig. 1). In
both of these patients, as well as P5 and P6 [19], whose paternally derived deletion c.
248delCT was identical to that in P1, early frameshifts leading to truncation codons were
predicted to cause nonsense mediated decay of mMRNA and therefore no detectable protein.
P5 and P6 also had a novel CORO1A microdeletion, ¢.1077delC, leading to replacement of
glutamine 360 in the C-terminal extension with an arginine and premature truncation,
p.Q360RfsX44 (Fig. 1B, 1C). Loss of the coiled coil domain, required for stability [23],
explains the lack of protein in P6. The 3 siblings P2, P3 and P4 (Fig. 1), described by
Moshous et al [7, 41], were homozygous for a missense mutation, ¢.400G>A, causing
transversion to methionine of an evolutionarily conserved valine (p.VV134M) in the WD2 f3-
propeller region. While the mutation did not affect transcription of CORO1A mRNA, very
low amounts of protein were detectable in the cells of these patients [7].

All affected individuals had multiple ear, sinus and respiratory infections. Our patient P7,
siblings P2, P3 and P4 and patient P5 developed EBV-induced B-cell lymphoproliferative
syndrome, and 2 patients developed B-cell lymphomas before reaching the age of 2 years.
While patients with other PIDs such as X-linked lymphoproliferative syndrome, Wiskott-
Aldrich syndrome, autoimmune lymphoproliferative syndrome, CD27 deficiency and other
PIDs also are at risk for developing uncontrolled lymphoproliferation and lymphoma
following EBV infection [42], the Coronin-1A deficient patients are the youngest to be
described to our knowledge. On the other hand, unlike P1, the siblings with missense
mutation and possible residual Coronin-1 activity accounting for their later onset and milder
phenotype (P2, P3 and P4) did not develop chickenpox vesicles following live attenuated
varicella vaccination [41].

P5 and P8, like all the others, had profound T cell lymphopenia, suffered from opportunistic
viral infections, and had low NK and absent memory B cells [18, 19]. They also had
shortened telomeres and low mucosal invariant T cells, findings not previously associated
with Coronin-1A deficiency. Haploinsufficiency for Coronin-1A does not result in
detectable immune deficiency. However the father of patients P5 and P6 (carrying c.
248delCT/WT) had reduced T cell numbers, while the mother (c.1077delC/WT), had
reduced NK cells [19].

Human NK cell lines in which Coronin-1A was knocked-down in vitro had decreased
cytotoxic function. Immune synapses and granule polarization occurred, but increased
synaptic density of F-actin caused the granules to be inappropriately positioned at the
synapse, accounting for decreased efficiency of NK ‘initial kill’ [18]. Analysis of NK cell
function in P6 (c.248delCT/1077delC) also showed insufficient F-actin deconstruction at the
synapse, resulting in fewer ‘permissive clearances’ for lytic granules and therefore reduced
NK cell degranulation [18].
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While the mode of action of human Coronin-1A is not completely known, the T cell
lymphopenia observed in the Coronin-1A-deficient patients, despite the presence of a
thymus [6, 7, 18, 19], indicates that Coronin-1A deficiency might result in both impaired
central T cell development due to compromised thymic maturation of SP cells and increased
apoptosis [44] as well as peripheral defects, including unresponsiveness to TCR ligation,
reduced migration in response to chemokines and increased apoptosis [4].

HCT was curative in 2 patients, who survived and became infection-free (HCT was planned
for P6 at the time of publication [19]). The post-HCT patients, however, had mild to
substantial neurological abnormalities [6, 7]. In P1 this may be explained by the 16p11.2
chromosomal deletion, known to be associated with autism [45, 46]. Patient P2 is in a highly
consanguineous family in which other recessive neurodevelopmental genetic impairments
may be segregating [7]. However, Coronin-1A may play a role in human neurodevelopment,
as it does in mice, as described above. Data from additional Coronin-1A deficient patients
will be needed to clarify this.

Coronin-1A as atherapeutic target in autoimmune and autoactivation

disorders and leukemia

Although not yet observed in humans, mutations in Corola in mice impart protection from
the development of autoimmune diseases. The role of Coronin-1A in modulating
autoimmunity was first uncovered when a search for genetic loci associated with systemic
lupus erythematosus (SLE) revealed a nonsense mutation in the Corola gene to be lupus
suppressing [16]. Further studies with Coronin-1A deficient mice showed that immunization
with a myelin oligodendrocyte glycoprotein (MOG) peptide induced only mild symptoms of
experimental autoimmune encephalomyelitis (EAE) in the Corola—/- mice, compared to
wild type controls [47, 48]. This could be due to either a reduced pool of disease-inducing
naive T cells in the Corola—/- mice, or the migration defect of Coronin-1A deficient T cells
[47, 48]. However, following repeated immunizations with the MOG peptide, Corola—/-
mice developed even more pronounced disease than did wild type mice. Coronin-1A was
implicated in regulation of Th17 CD4+ T cells by the finding that Corola—/— Th17 cells
produced increased amounts of IL-17 cytokine, which is crucial for the development of
EAE. The authors hypothesized that Coronin-1A acts as a negative regulator of IL-17
production through the SMAD3-mediated TGF-f signaling pathway [47].

Immunohistochemistry of brain samples from patients suffering from multiple sclerosis
(MS) showed the presence of Coronin-1A expressing T cells and macrophages in active MS
lesions, along with increased MHC class-11 and reduced proteolipid protein [8]. Coronin-1A
was recognized by MS patient cerebrospinal fluid (CSF) antibodies reactive to the peptide
UH-CIS6 [49], suggesting Coronin-1A as a novel antibody target in the treatment of MS [8].

In vitro experiments with an anti-Coronin-1A monoclonal antibody ZCH-2B8a
demonstrated complement mediated cytotoxicity against human acute lymphoblastic
leukemia and other B-lineage leukemia cell lines, showing potential as a therapy for B cell
malignancies [9]. Further experiments with the same antibody showed that expression of
Coronin-1A was increased in activated T cells, which might therefore also be preferentially
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targeted with ZCH-2B8a. Coronin-1A was also overexpressed in T cells from patients with
aplastic anemia and hemophagocytic lymphohistiocytosis compared to controls, suggesting
that, beyond treating B cell malignancies, an antibody targeting Coronin-1A could be used
to treat immune disorders mediated by activated T cells [50].

Since the discovery of coronins in 1991 significant research has been carried out to
understand their molecular structure and cellular mechanisms of the action. While a number
of binding partners have been discovered, the precise mechanisms of action of Coronin-1A
are still being elucidated, both invitro and in vivo. The role of Coronin-1A in the
development and function of the immune system is irrefutable, in both humans and mice,
and deficiency of Coronin-1A results in CID. Although some immunological manifestations
of Coronin-1A deficiency differed between the patients described so far, absence of
Coronin-1A affected the T cell compartment in all patients. B cell numbers were lower than
normal and antibody responses were impaired. Variable NK cell defects associated with
absent Coronin-1A to date will require detailed analysis of further patients. HCT was
curative for patients with Coronin-1A deficiency when the disease was diagnosed early,
before onset of irreversible complications arising from infections and EBV associated
malignancy.

With new evidence about the potential of anti-Coronin-1A monoclonal antibodies to treat B
cell malignancies and T cell-mediated auto-inflammatory diseases, Coronin-1A can now be
said to be involved in the overall regulation of the immune system, and inappropriate
expression can lead to either immune deficiency or autoimmunity.
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Figure 1.
A, Pedigrees of 4 families reported to date with CORO1A deficiency. Left: new patient P7;

previously described patients are shown in order of publication. Note while Moshous et al
[7] used mutation numbering 717G>A for P2, P3 and P4 corresponding to CORO1A
transcript variant 2, NM_007074.3, we list all mutations here using the initial A of the first
translated codon ATG as cDNAL (variant 1, NM_001193333), per Shiow et al [6].

B, CORO1A gene locus indicating transcript NM_001193333 and positions of known
disease-causing mutations.

C, Major structural domains of Coronin-1A protein, indicating mutation sites. WD,
tryptophan-asparagine repeat region; linker domain, aa 356—-429 containing positively
charged residues 400-416 forming 2 F-actin binding sites [24]; CC, coiled-coil domain, aa
430-461, required for homo-trimerization.
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