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Abstract

Mutations in the ARPC1B isoform component of human actin-related protein 2/3 complex have been recently associated
with an inborn error of immunity characterized by combined immunodeficiency, allergies, autoinflammation, and platelet
abnormalities. Currently, indications on the management of this novel disease and information on its outcome are lacking.
We report the first case series of 7 children with a homozygous mutation in ARPC1B gene who underwent allogeneic-
HSCT (allo-HSCT). All patients presented an early clinical onset, characterized by recurrent infections, failure to thrive and
gastrointestinal bleeding episodes complicated with neonatal hemorrhagic enteritis in 3 cases, and macrophage activating
syndrome in 2. Allo-HSCT was performed at the median age of 1.83 years after a myeloablative conditioning regimen in
all cases. Engraftment occurred in all patients with full donor chimerism in 6 out of 7. The clinical course after engraft-
ment was uneventful in 3 out of 7 children; 2 patients developed a grade 1-2 acute graft-versus-host disease (GvHD), and 1
patient a grade 1 chronic-GvHD. JC virus-related progressive multifocal leukoencephalopathy was diagnosed in one patient
13 months after haploidentical-HSCT and successfully managed with donor-derived viral-specific T-cell infusion. Only one
patient had a fatal outcome 3 months after HSCT because of sepsis, after veno-occlusive disease, and transplant-associated
microangiopathy. At a median follow-up of 19 months (range 3—-110), 6 out of 7 patients are alive and disease-free. The
severity of the clinical phenotype at diagnosis and the high survival rate, with limited transplant-related morbidity, strongly
support the indication to allo-HSCT for patients with this diagnosis.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) represents an established curative treatment for
several primary immunodeficiencies (PIDs) with reported
survival rates higher than 90% depending on diagnosis, age,
and overall patient status at the time of transplantation [1-4].
These results, reached over the years due to the advances in
donor selection, graft manipulation, conditioning regimens
(CR), and treatment of complications, have led to HSCT
indication in newly diagnosed patients with several forms of
PIDs. Many novel genetic mutations associated with com-
bined immunodeficiency have been described [5, 6] and some
of these present a variable phenotype in which autoimmunity,
auto-inflammatory pattern, and infection susceptibility are
associated, requiring immunosuppressive and anti-inflamma-
tory therapies [7]. Some of these inflammatory and immuno-
logical disorders are associated with defects of actin-binding
molecules [8—11], confirming actin cytoskeleton central role
in almost all stages of immune system function [12-14].
Human actin-related protein 2/3 complex (Arp 2/3), required
for actin filament branching, consists of seven evolutionarily
conserved subunits (Arp2, Arp3, and ARPC1-5). In mam-
mals the ARPC1 and ARPCS subunits are each encoded by
two isoforms that are 67% identical. ARPC1B is prominently
expressed in blood cells even if protein expression is detect-
able also in the lung, intestine, urinary tract, and skin among
other tissues [15]. ARPCI1B biallelic mutation results in a
combined immunodeficiency, allergy, and “auto-inflamma-
tion” that has been recently described, resembling Wiskott-
Aldrich syndrome (WAS) [16], characterized by early clinical
onset, recurrent infections related to impaired T-cell function,
and migration, allergic manifestations, bleeding tendency,
and platelet abnormalities [ 17-23]. In this emerging disease,
although the indication for allogeneic HSCT (allo-HSCT)
should be considered for other PIDs [24, 25], there is still
no evidence regarding the transplant outcomes in terms of
survival and quality of life and of the possible persistence
of extra-hematopoietic defects due to ARPC1B deficiency.

We report the outcome of the first series of 7 children
who underwent allo-HSCT because of a homozygous
mutation in ARPC1B gene.

Materials and methods

Seven patients with a diagnosis of primary immune defi-
ciency caused by ARPCIB mutation underwent allo-HSCT
in 6 different centers (Italy, Germany, Spain, USA, Israel,
Greece); six of them have been reported in previous studies
[16, 19, 21] in which this novel syndrome has been described.

@ Springer

Data have been retrospectively collected for each patient
using a questionnaire distributed to participating centers
with patients’ clinical features, genetic, pre-transplant treat-
ments, conditioning regimen (CR), donor type, stem cell
(SC) source, engraftment, early and late toxicities, acute and
chronic graft versus host disease (a- and c-GvHD), post-
HSCT infections, donor chimerism, and survival. Engraft-
ment was defined as neutrophils count > 0.5 x 10°/L for at
least 3 consecutive days and platelet count > 50,000/L with-
out platelet transfusion in the previous 5-7 days.

Results

Patients’ demographic, clinical features, and treatments per-
formed before HSCT are reported in Table 1. Table 2 sum-
marizes HSCT features and outcomes.

All patients presented with a very early clinical onset dur-
ing the first months of life (range 9 days—6 months) with
life-threatening events occurring in 5, including neonatal
hemorrhagic enteritis in 3 (P2, P3, P6), and macrophage
activating syndrome (MAS) requiring pediatric intensive
care unit admission in 2 patients (P1 and P4). In P1 MAS
occurred at the age of 1 month triggered by CMV infec-
tion and was controlled by steroids and antiviral treatment
(ganciclovir), while in P4 MAS developed at the 9th day of
life and required multiple lines of therapies including meth-
ylprednisolone and anakinra followed by dexamethasone,
tocilizumab, and etoposide.

Failure to thrive was a common feature in almost all
patients, as well as gastrointestinal bleeding episodes, with
thrombocytopenia reported in 3 patients (P2, P3, and P6).
Cutaneous leukocytoclastic vasculitis have been observed in
P1 and P2, with histologic confirmation.

The clinical course before allo-HSCT was characterized
by recurrent bacterial and viral infections in all patients,
as showed in Table 1, while no fungal infection has been
reported. The patient who underwent allo-HSCT at the older
age (P2, 15 years) developed a severe chronic lung disease
secondary to recurrent staphylococcus pulmonary infections
with multiple bronchiectasis and large pneumatocele, that
required surgical lobectomy, performed at the age of 7. This
patient required immunosuppressive treatment including
sirolimus and mycophenolate for a cutaneous leukocyto-
clastic vasculitis. Such therapy allowed clinical control but
lead to an increase of infection incidence.

The median age at transplant was 1.83 years (range,
0.15-15.16). For all patients the indication to allo-HSCT
was the poor control of clinical autoimmune and auto-
inflammatory symptoms and the recurrence of infections
events. P3, P6, and P7 underwent transplant without prior
trial of alternative treatments, since they had an older
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Table3 Platelets’ count, Patients Pl P2 P3 P4 P5 P6 P7
immune subsets, and Ig-level
after HSCT (ar last follow up) Platelet count (x 10°/L) 245 160 250 129 170 NA 254
Immune subsets (X 10°/L)
> CD3+CD4+ 1729 750 1282 1100 2549 NA 2230
> CD19+ 537 200 247 370 517 NA 690
> CD3-16+56+ 360 300 336 240 352 NA 1670
Ig level
> Ig G (mg/dL) 540 483 831 856 1140 NA 574
> Ig M (mg/dL) 57 53 71.3 108 57 NA 60
> Ig A (mg/dL) 111 259 303 154 189 NA 79
> Ig E (KU/L) NA NA 6.57 3.8 2.04 NA -
Timing in months after trans- 54 48 15 19 110 3 16

plant (=follow-up)

brother with a similar phenotype who died due to severe
complications represented by sepsis at 2 months of life
during severe gastrointestinal bleeding (P3), adenoviral
infection with a multi-organ failure while awaiting HSCT
(P4), and an unidentified infection of the central nervous
system at 3 years of age (P7), respectively.

The SC donor was a matched related (MRD) in 3 trans-
plants (P5, P6, and P7), a matched unrelated (MUD) in 2
(P3 and P4), while P1 and P2 received a TCR-af*CD19-
depleted HSCT from an haploidentical parent. The CR was
myeloablative in all transplants, busulfan based in 4, and
treosulfan based in the remaining 3.

Engraftment occurred in all patients after a median of
18 days for neutrophils (range, 13-23 days) and 17 days
for platelets (range, 13-35 days) after allo-HSCT. No
episodes of graft rejection have been reported and 5 out
of 7 patients showed a stable full donor chimerism; tran-
sient mixed chimerism has been reported in P7 and sta-
ble mixed chimerism in P5 (Table 2). This patient (P5)
showed a complete donor chimerism in the first post-
engraftment phase (99% at 1 month) that evolved into
mixed chimerism from the 6th month after HSCT (65%
on whole blood); at 1 year after HSCT, he showed a high
donor-derived percentage in T-cells (CD3 +94%) that
remained stable in the following years (93% more than
9 years after HSCT), and a low percentage in CD15 + and
CD3 — (64% and 42%, respectively) that further decreased
in the following years (5% and 28%, respectively, at last
follow-up).

The clinical course after engraftment was uneventful in
3 out of 7 patients (P1, P3, and P5), with neither significant
post-transplant infections nor GvHD. GvHD was reported
in 2 children (P2 and P4) after engraftment; P2 developed
grade 1 cutaneous acute-GvHD that did not require sys-
temic treatments and, 6 months later, a grade 2 cutaneous
c-GvHD, successfully treated with systemic steroid. P4

developed a grade 2 cutaneous and gastrointestinal acute
GvHD, with a complete response to steroid therapy.

One patient (P6) had a severe outcome after HSCT, repre-
sented by the development of veno-occlusive disease (VOD)
and transplant-associated thrombotic microangiopathy (TA-
TAM), treated with defibrotide and eculizumab, respectively,
obtaining only their partial control; this patient died 3 months
after HSCT because of a Carbapenem-resistant Enterobacte-
riaceae sepsis.

Of note, P2 developed 13 months after HSCT a severe JC
virus-related encephalitis, with severe neurological impair-
ment due to progressive multifocal leukoencephalopathy, that
was successfully managed with donor-derived viral-specific
T-cell infusions (CTL infusion). This patient suffered neuro-
logical sequelae with the persistence of ataxia and tremors at
the last follow-up [26].

At a median follow-up of 19 months (range 3—110), 6 to
7 patients are alive and disease-free. This was proven by the
absence of all clinical, immunological, and hematological
signs of underlying disease after transplantation. In particu-
lar, all patients alive after transplantation reached a complete
immune reconstitution with immunophenotype and immuno-
globulins within the normal range (Table 3), in absence of
any major infective events. Furthermore, the patients who pre-
sented thrombocytopenia as a disease sign showed a normal
platelet level, as expected after HSCT. Of note, also the patient
with stable mixed chimerism (P5) showed hematological count
cells and immunological subsets within the normal range.

Discussion

In this report, we describe the clinical features, transplant
details, and outcomes of 7 patients who underwent allo-
HSCT for a PID caused by ARPCIB germline mutations.
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To the best of our knowledge, this is the first case series
reported on this topic, which enables the community to
derive useful information for the clinical management
of this emerging and challenging diagnosis. The severe
clinical phenotype at diagnosis and the high survival rate
with limited transplant-related morbidity support the
indication to allo-HSCT for patients with ARPC1B defi-
ciency. Furthermore, despite the protein being expressed
also in non-hematopoietic tissues, absence of clinically
evident intrinsic defects in other organs and the efficacy
of allo-HSCT in controlling disease manifestations sug-
gest a non-redundant role of ARPC1B protein only in
the hematopoietic system. It is possible that in other tis-
sues, the different ARP isoforms are able to compensate
for the defect. Indeed, it seems that lack of one isoform
is correlated to overexpression of the others [27] as we
also observed in our previous work where we detected an
evident upregulation of ARPC1A protein in ARPC1B-
deficient cells [17].

The main limitations of our report include the small
number of patients and the retrospective nature of the
study that excludes patients with ARPCIB deficiency
undiagnosed or that did not reach transplantation. How-
ever, the present data support the fundamental message
of the feasibility and efficacy of allo-HSCT in ARPCI1B
deficiency [17-23, 28].

We found that most patients underwent transplanta-
tion because of the severe phenotype characterized by
life-threatening infective events or inflammatory and/or
autoimmune presentations; in particular, in three of them,
the indication was further strengthened by the presence of
family history of death of a sibling due to complications
of the same condition.

Allogeneic HSCT led to successful resolution of
immune deficit with sustained donor chimerism and excel-
lent survival in 6 patients. Interestingly, the patient with
mixed chimerism (P5) is also alive and free of symptoms,
suggesting that a mixed chimerism with the prevalence
of T-cells from donor could be sufficient to control the
expression of the disease. Of course, more patients with
mixed chimerism should be observed to confirm this
hypothezis.

Only one patient died (P6) after HSCT because of sep-
sis from Gram-negative bacteria; this patient received allo-
HSCT from MRD at 2 months of age after the occurrence
of severe infections performed following a CR including
busulphan administered at weight-adapted dose but with-
out AUC-based dose adjustment; the latter [29], together
with the age < 1 year [30], represent recognized risk fac-
tors for VOD, occurred in this patient. Differently, all the
other patients received myeloablative CR at a reduced tox-
icity profile treosulfan based or busulphan based with dose
adjusted on AUC.

@ Springer

The other major complication observed in these patients
after HSCT has been JC encephalitis in P2 occurred during
steroid treatment for c-GvHD; of note, this patient under-
went T-depleted haploidentical transplant at 15 years of
age, after a long history of infections and in the presence of
chronic lung disease; these conditions increase the risk of
GvHD [31], also in T-depleted haploidentical HSCT, and
likely contributed to delayed immune reconstitution and,
therefore, to viral infection susceptibility.

Similarly to other PID patients, also for patients with
ARPCI1B deficiency, the goal of allo-HSCT is to correct
the dysregulation of the immune system with the resolu-
tion of autoinflammatory and autoimmune manifestations
and with the control of infective events. The performance of
allo-HSCT with the use of myeloablative CR with low early
and late toxicity, as treosulfan, could allow reaching these
results. In case of the absence of MRD and considering the
relevance of an early allo-HSCT in improving the outcome,
the choice of a haploidentical familiar donor, promptly avail-
able, should be considered in ARPC1B as in other PIDs, in
which different platforms of haplo-HSCT with graft manipu-
lation for T-depletion [32-34] or without T-depletion but
using post-transplant cyclophosphamide as GvHD prophy-
laxis [35] allow to achieve excellent results.

Conclusions

In conclusion, in this series of patients, we found that most
patients with ARPC1B mutations tolerated transplant condi-
tioning, with a high rate of engraftment, resolution of immu-
nodeficiency, autoinflammation, and autoimmunity. Active
infections and clinically significant comorbidities at the time
of transplant are the main potential risk factor contributing
to adverse events in the acute post-transplant phase. More
data are needed to confirm the indication and the timing
for transplant and to refine conditioning regimens as well
as management of patients with significant inflammatory
and autoimmune manifestations before HSCT. National
and international immunodeficiency and transplant regis-
tries should be queried to examine reported outcomes in
larger patient cohorts, comparing those of transplanted and
not transplanted patients.
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