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NK cell cytotoxicity in Chédiak-Higashi syndrome (CHS) is strongly impaired as lytic granules are not
released upon NK-target cell contact, contributing to several defects typical of this severe immunode-
ficiency. Correction of NK cell defects in CHS should improve the outcome of hematopoietic stem-cell
transplantation, proposed as therapy.

We investigated NK cell functions in a CHS patient before and after cord-blood transplantation, and
the ability of in vitro IL-2 treatment to restore them.

Before the transplant, the strong defect in NK cell-mediated natural and antibody-dependent cytotox-
icity, as well as in IFN-y production, could be restored up to normal levels by in vitro IL-2 treatment.
This cytokine also caused the appearance of smaller lysosomal granules and their orientation towards
the NK-target cell contact area, thus suggesting that IL-2 had a more general capacity to restore NK cell
effector functions. Moreover after the transplant, although the successful engraftment, NK cell cytotoxi-
city resulted still partially impaired at one year, almost normal at ten years and, anyhow, fully recovered
by in vitro IL-2 treatment.

Taken together, our results indicate that IL-2 had a wide capacity to restore NK cell effector func-
tions, being able to reverse the altered cytotoxic activity, lytic granule pattern, and cytokine production
observed in the CHS patient.

© 2016 Published by Elsevier B.V. on behalf of European Federation of Immunological Societies.
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1. Introduction toxic lymphocytes and in many other cell types, the presence of

which represents the hallmark of CHS. As reported recently, mis-

The Chédiak-Higashi syndrome (CHS) is a rare childhood auto-
somal recessive disease [1] characterized by LYST gene alterations,
described so far as nonsense or frameshift mutations and resulting
in a truncated protein [2]. The impaired protein function, leads to
the perinuclear concentration of giant granules in circulating cyto-

Abbreviations: CHS, Chédiak-Higashi Sindrome; NK cells, Natural Killer cells; AP,
Accelerated Phase; IL-2, interleukin 2; BMT, bone-marrow transplantation; UCB-T,
umbilical-cord blood transplantation.
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sense mutations in the different LYST domains lead to a different
size and immunological synapse distribution of the lysosome gran-
ules, thus suggesting that a specific LYST mutation could differently
affect disease phenotype [3].

Defective phagocyte, T lymphocyte and NK cell functions,
including both natural and antibody-dependent cell cytotoxicity
(ADCC), are likely to contribute to the enhanced susceptibility to
infections [4-8]. The onset of the so-called “accelerated phase”
(AP), a pathological condition mainly characterized by a criti-
cal impairment of the immune system [9], together with the
patient age, have been reported as key prognostic factors of
CHS [1]. Most of the patients die young because of AP, which
occurs in the majority of individuals (85%) any time from the first

0165-2478/© 2016 Published by Elsevier B.V. on behalf of European Federation of Immunological Societies.


dx.doi.org/10.1016/j.imlet.2016.10.009
http://www.sciencedirect.com/science/journal/01652478
http://www.elsevier.com/locate/immlet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.imlet.2016.10.009&domain=pdf
mailto:loredana.cifaldi@opbg.net
dx.doi.org/10.1016/j.imlet.2016.10.009

L. Cifaldi et al. / Immunology Letters 180 (2016) 46-53 47

months after birth, to several years later. Most of the patients
with AP suffer a hemophagocytic-syndrome-like lymphoprolif-
erative disorder, associated with fever, episodes of abnormal
bleeding, overwhelming infections and organ failure. Although AP
is cured with etoposide combined with steroids and intrathecal
methotrexate, remission is transient, relapses become insensitive
to treatment and patients die before the age of ten years because
of bleeding complications and infections [1,9].

For this reason, at present, the most significant clinical inter-
vention consists in hematopoietic stem cell (HSC) transplantation,
mainly of bone marrow (BM) origin [10]. However, the use of
umbilical-cord blood transplantation (UCB-T) in patients with CHS
has been recently reported [11].

Lack of NK cell functions in CHS patients has been associated to
the increased susceptibility to viral infections, and has been theo-
rized to allow AP to become fulminant [1,9]. Restoration of NK cell
activities, and consequently, of innate immunity against viruses,
might thus represent a therapeutic strategy for these patients. Here
we show the potentiality of IL-2, a master cytokine promoting NK
cell proliferation and effector functions, in restoring in vitro the
NK cell functional defects of a 2 month-old child affected by CHS,
initially undergoing anti-blastic therapy and then UCB-T. NK cells
isolated from the patient peripheral blood at the time of diagno-
sis, showed a severe impairment of their effector functions, which
were however completely restored by in vitro IL-2 treatment. Simi-
larly, after the successful UCB-T, we observed in ten-year follow-up
an improvement of NK cell-mediated cytotoxicity upon IL-2 treat-
ment. The restoration of NK cell functions mediated by i) UCB
transplantation and ii) IL-2 treatment, might thus represent an
important clinical intervention to improve the benefit of standard
therapies for CHS patients.

2. Materials and methods
2.1. CHS patient and pediatric healthy donors

We describe a case of a 2-month old Caucasian male new-
born of consanguineous parents, admitted to our hospital (March
2004) with fever, anemia, thrombocytopenia, neutropenia, hepato-
splenomegaly, and negative virological tests (cytomegalovirus,
EBV, HIV, HCV, HBV, toxoplasma). The occurrence of macula and
hair hypopigmentation, the presence of giant granules in BM
myeloid precursors (Fig. 1A) and of activated peripheral blood CD8*
T lymphocytes (65% were HLA-DR*), helped us for the diagnosis
of CHS. Genetic analysis, conducted at the Hopital Necker-Enfants
Malades (INSERM U429 Paris), revealed a homozygous region for
the polymorphic markers linked to the LYST locus.

During hospitalization, the patient presented AP with the fol-
lowing symptoms and signs: persistent fever, opisthotonous, neck
rigor, hepato-splenomegaly, oxygen desaturation, pancytopenia,
hypertriglyceridaemia, hypofibrinogenaemia and hyposodiaemia.
Anti-blastic therapy with etoposide, intrathecal methotrexate
(MTX) and dexamethasone was started, with a mild improvement
of clinical conditions. Even if the child was not in complete remis-
sion of AP (May 2004), after the identification of a UCB unit HLA
5/6 matched (with a DRB1 locus difference), informed consent
from the parents was obtained and allogeneic stem cell trans-
plant was performed. The patient received a conditioning regimen
based on etoposide (150 mg/m?2, 3 days), busulfan (5mg/kg/day,
4 days), cyclophosphamide (50 mg/kg/day, 4days). Graft versus
host disease (GVHD) prophylaxis consisted of cyclosporine (CSA)
(1 mg/kg/day from day —7 to day —2, then 3 mg/kg/day until day
90), and methylprednisolone (1 mg/kg until day +30, then tapered).
Engraftment was achieved at day +10. Fifteen days after UCB-T, the
patient presented a severe (grade IV) acute GVHD with skin, hepatic

and gut involvement, treated with steroids (5 mg/kg/day for 7 days,
then 2 mg/kg) and CSA (3 mg/kg/day), and in absence of a good
response, with 4 doses of anti-TNF-a monoclonal antibody (Rem-
icade, 10 mg/kg once a week) and association of mycophenolate
mofetil (30 mg/kg/day) with a clinical progressive improvement.
The patient presented also a severe venocclusive disease treated
with defibrotide (60 mg/kg/day), CMV infection treated with gan-
ciclovir, adenovirus infection treated with cidofovir. Six months
after UCB-T, the patient was in good clinical conditions with no
signs of AP, and a complete GVHD and viral infection control. Full
donor leukocyte engraftment was confirmed by subsequent serial
short tandem repeats (STR) determinations (December 2004), per-
formed also on selected leukocyte subsets (March 2014) as T, NK, B
cells, and monocytes, pre-isolated by cell-sorting (FACS Aria, Bec-
ton Dickinson). At 10 years of age, the patient kept good clinical
conditions, despite showing some of the classical signs of the syn-
drome, such as albinism and silver-grey hair. Informed consent
from parents of the patient as well as the prior approval from our
institutional research ethics committee to conduct this study was
obtained.

Pediatric healthy donors were children admitted to our hospital
for routine health checkup and exhibiting normal complete WBC
counts.

2.2. Reagents

The following monoclonal antibodies (mAbs) from Becton
Dickinson (San Diego, CA) were used: control IgG,-FITC and
—PE, anti-CD16 + anti-CD56-PE/anti-CD3-FITC, anti-CD3-FITC, anti-
CD56-PE, anti-CD8-Cy5, anti-IFN-y — FITC, anti-HLA-DR, anti-2B4
anti-NKp44. Other antibodies were: FITC-conjugated anti-perforin
mAb (Ancell, Bayport, MN), anti-NKG2D (MAB149810) (R&D Sys-
tems, Minneapolis, MN); anti-CD16 (for reverse ADCC; clone B73.1
kindly provided by Giorgio Trinchieri; National Cancer Institute,
MD); anti-CD94/NKG2A (clone Z199) (Immunotech, Marseille,
France); anti-LFA-1/beta2 integrin TS1/18 (Dr. F. Sanchez-Madrid,
La Princesa Hospital, University of Madrid, Spain); F(ab’), frag-
ments of PE-conjugated goat-anti-mouse (GAM-PE) IgG (Jackson
Immunoresearch Laboratories, Newmarket, UK). Other reagents
were: recombinant human IL-2 (Peprotech; Rocky Hill, NJ);
brefeldin A (Sigma) and rhodamine phalloidin (3 wM; Molecular
Probes).

2.3. Human NK cell preparation

Polyclonal NK cell cultures were obtained by co-culturing
peripheral blood mononuclear cells (PBMCs) (4 x 10> cells) iso-
lated from the patient at different treatment time points (before
the antiblastic therapy, upon drug treatment before UCB trans-
plantation, 7 months after UCB transplantation, 13 months after
UCB transplantation, 10 years after UCB transplantation), or from
healthy donors, with the irradiated (30 Gy) EBV-transformed B-
cell line RPMI8866 (1 x 10° cells) for 10-13 days, as previously
described [12,13]. These cells were used as effectors in cytotoxi-
city assays. PBMC (on day 0) and NK cell cultures (on day 10-13)
were routinely checked for the percentage of CD56*CD16*CD3~ by
FACS analysis. In some experiments, NK cells were stimulated with
IL-2 (2501U/ml) for 18 h at 37°C.

2.4. Cytotoxicity assays

K562, a human erythroleukemia cell line, was the target for nat-
ural NK cell cytotoxicity, while P815, a murine mastocytoma cell
line FcyR*, was the target for reverse ADCC. As effectors, we used
the polyclonal NK cell cultures described above [12]. NK cell cyto-



48 L. Cifaldi et al. / Immunology Letters 180 (2016) 46-53

months
of age clinical state
2 off therapy
102 4 drug treatment before
i ® : UCB Transplantation
it - 6.37
100 10! 0 104
1" 7 months after
UCB transplantation
1176
17 13 months after
UCB transplantation
©
o 10 years after
% 120 UCB transplantation
0
o
&}
CD3 ——mm ™
" 89
O 144 .
o > ¢ ¢ . i i . : .
XE 10{ee_ P - 5 .
3O ] ¢ — - * e . .
o C . .0 Py .
X o o .
Z = 144 L] [ ] )
© .
T 41
@
Q 24
£
M— 34 56 78 940 1142 1314 1516 1718 1920
Months of age

Fig. 1. CHS patient BM aspirate microscopy analysis and NK/T cell flow cytometry analysis at off therapy and at different therapeutic points respectively. (A) Microscopy
analysis of the BM aspirate obtained from the CHS patient at 2 months of age revealed giant granules in myeloid precursors (arrows). Three representative cells are shown. (B)
FACS analysis of NK and T cell percentages in CHS patient and healthy children PBMCs. PBMCs from the CHS patient were isolated at different therapeutic points as indicated
and analyzed for the NK and T cell percentage by cell surface staining with anti-CD3-FITC and CD56/CD16-PE mAbs, followed by FACS. (C) PBMCs from healthy children (1-20
months of age) were used as controls. Black circles: NK cell percentage in each donor; horizontal bars: mean values in each group.
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toxicity was evaluated using the chromium Cr-51 (°1Cr) release
assay.

2.5. Evaluation of CHS NK cell/target cell binding formation,
F-actin and perforin granule accumulation

In vitro cultured NK cells (3 x 106/ml), were mixed with equal
volumes of K562 target cell suspensions (E/T ratio 5:1) and incu-
bated in the dark for 15 min at 37 °C. After incubation, the pellet was
gently resuspended and spun onto ice-cold poly-L-lysine-coated
glass slides, fixed in 4% paraformaldehyde, permeabilized for
10 min at room temperature using FACS permeabilizing solution
(BD Biosciences) and stained with FITC-conjugated anti-perforin
mAb and rhodamine phalloidin. Granule polarization was assessed
in NK cells forming conjugates with targets using a fluorescence
microscope and the images were processed with Photoshop CS6
(Adobe, San Jose, CA).

2.6. ELISA

Enzyme-linked immunosorbent assays (ELISA) for IFN-y and
TNF-a were from R&D Systems. Cell-culture supernatants were
analyzed without prior dilution, and the assays were performed
according to manufacturer’s instructions.

2.7. Statistical analysis

Statistical analysis was performed using a two-tailed Student’s
t-test. A value of p<0.05 was considered statistically significant.

3. Results

3.1. Analysis of NK cell percentages in the CHS patient before and
after UCB transplantation

Our patient was diagnosed as suffering from CHS on the basis
of disease-specific giant granules present in cells of his BM aspi-
rate (Fig. 1A), in addition to other typical signs of this syndrome
described in methods.

PBMCs were isolated from CHS patient at different treatment
points, or from pediatric healthy donors, and analyzed for NK and
T cell percentages by CD56, CD16 and CD3 mAbs staining, followed
by FACS analysis (Fig. 1B-C). The patient presented normal NKand T
cell percentages when he was “off therapy” (before the antiblastic
therapy), with approximately 10% of NK cells, a value similar to
what observed in healthy children of 1-2 months of age (Fig. 1Cand
[14]). The percentages of both NK and T cells were strongly affected
upon “drug treatment” (antiblastic therapy with etoposide, MTX
and dexamethasone), a conditioning regimen for UCB-T (Fig. 1B).
Engraftment was successful, since analysis of chimerism performed
after the transplant, also on single leukocyte subsets as T, NK, B cells
and monocytes, revealed 100% of engraftment (data not shown).
Analysis of the percentage of NK cells in the peripheral blood of the
patient at seven months, thirteen months and 10 years after UCB-T,
showed that they were restored to almost normal levels compared
to healthy children [14] (Fig. 1B-Cand data not shown). By contrast,
analysis of T cells at the same treatment points indicated that there
was a complete recovery of this lymphocyte subset (Fig. 1B).

3.2. Analysis of NK cell-mediated cytotoxicity in the CHS patient
before and after UCB transplantation and effect of in vitro IL-2
treatment

To evaluate NK cell effector functions, NK cells derived from
the patient or from healthy donors were cultured in vitro and then

assayed for natural cytotoxicity and reverse ADCC [13], as well as
for their ability to form NK-target cell contacts and to produce
cytokines. The culture system results in the preferential prolif-
eration of NK cells that, after 10-14 days, are in a state of low
activation and resemble resting rather than activated cells [13].
Invitro cultured CHS NK cells showed a normal ability to proliferate
in response to feeder cells, as demonstrated by the percentage of
CD3~/CD56*/CD16* cells [13] (Suppl. Fig. 1). Moreover, expanded
CHS NK cells expressed normal levels of several receptors, includ-
ing CD16, NKG2D, 2B4, NKp44, CD94/NKG2A, LFA-1/integrin beta2,
HLA-DR, FAS, FASL and an increased expression of NKG2D and HLA-
DR in response to IL-2 (data not shown).

In relation to the cytotoxic potential, we observed that in vitro
expanded NK cells obtained from the patient at the time of hospi-
talization (“off therapy”), had a strong impairment of both natural
cytotoxic activity and reverse-ADCC, compared to healthy donors
(Fig. 2A-B) [15]. However, when NK cells derived from the patient
were treated with IL-2 (250 IU/mL) for 18 h, cytotoxicity levels were
comparable to those of IL-2-treated cultured NK cells derived from
healthy controls (Fig. 2A-B). An impairment of NK cell-mediated
cytotoxicity was observed also at later time points, when the
patient underwent a pre-transplant conditioning regimen and then
after UCB-T, but also in these cases, IL-2 was able to correct the
defect (Fig. 2C-H). The positive effect of IL-2 was observed also at
lower doses (from 10 to 125 IU/ml, for 48 h) (data not shown). At 10
years after transplantation, the patient showed an almost normal
cytotoxic ability of NK cells which was further enhanced by IL-2
(Fig. 2I-L). These results show that the defects in NK cell lysis asso-
ciated with CHS disease could be restored upon IL-2 treatment, and
suggest that UCB-T represents an acceptable curative treatment for
these patients.

3.3. IL-2 increases perforin-containing granules into contact sites
of CHS-derived NK cells with target cells

To better investigate the mechanisms responsible for the
increased cytotoxic ability of CHS NK cells after IL-2 treatment,
we analyzed the capacity of patient-derived NK cells to form the
immunological synapse (IS), by measuring the ability to bind target
cells and to mediate natural cytotoxicity through perforin produc-
tion (Fig. 3). NK/target cell conjugate formation was investigated by
performing binding tests with NK cells obtained from the patient
when he was “off therapy”, or from healthy donors as controls, and
with K562 used as targets. Cells were stained with a specific probe
to survey the amount of actin polymerization at the IS and with a
specific mADb against perforin, and the contact sites were analyzed
by fluorescence microscopy (Fig. 3).

Compared to a healthy donor, CHS NK cells showed bigger
perforin granules (Fig. 3), likely derived from fused and enlarged
secretory lysosomes, as reported before for T lymphocytes [16,17].
The granules were localized far from the NK-target cell binding
site; however, IL-2 treatment resulted in the appearance of more
numerous and smaller granules and in their positioning in the
contact area, with a pattern similar to the one observed with the
healthy control. These observations paralleled the increased cyto-
toxic potential observed upon IL-2-treatment (Fig. 2). Finally, the
number of effector-target cell bindings and the accumulation of F-
actin observed in the contact area of CHS NK cells did not show
anomalies, being similar to healthy controls (Fig. 3 and data not
shown).

Thus, the observed capability of IL-2 to restore CHS NK cell-
mediated cytotoxicity may derive from the recovery to a normal
perforin-containing granule distribution and localization, as well as
granule exocytosis, upon NK-target cell contact, and this may have
an important role in regaining NK cell functions in CHS patients.
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Fig. 2. Analysis of both natural and antibody-dependent NK cell-mediated cytotoxicity in the CHS patient before and after UCB transplantation and effect of in vitro IL-2
treatment. Cultured NK cells from healthy donors (squares) or from the CHS patient (circles) at different therapeutic points as indicated, were treated (red) or not (black) with
human recombinant IL-2 (250 IU/ml) for 18 h, and then tested in a > Cr-release assay against K562 (left panels) or P815 plus anti-CD16 mAb (reverse ADCC) (right panels).
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

3.4. Analysis of CHS NK cell cytokine production and effect of
in vitro IL-2 treatment

We then analyzed the ability of in vitro expanded CHS-derived
NK cells, obtained from the patient when he was “off therapy”, to
produce IFN-y and TNF-a cytokines (Fig. 4A-B). We observed a
strong impairment of IFN-y production by CHS NK cells, as eval-

uated both by intracellular staining (data not shown) and ELISA
(Fig. 4A). Similarly to what we observed in cytotoxicity assays, [L-2
treatment was able to correct the defect (Fig. 4A). A similar effect
was observed also on the production of TNF-« (Fig. 4B).

Altogether, our results indicate that the altered NK cell cytotoxic
activity, lytic granule pattern, and cytokine production we observed
in the CHS patient, could be reversed by IL-2 treatment.
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(original magnification, x600). The expression of polymerized actin, perforin granules, and both (merge) are reported relatively to two representative bindings for each
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figure legend, the reader is referred to the web version of this article.)

4. Discussion

Chédiak-Higashi syndrome is a pathological condition affect-
ing several tissues and organs. Both innate and adaptive immune
responses are severely compromised, and this renders leukocytes
unable to effectively fight off pathogens, such as viruses and bac-
teria. For this reason, most of the patients affected by CHS have
recurrent and persistent infections, starting in infancy or in early
childhood. These infections tend to be life-threatening, with few
patients living to adulthood [ 1]. Treatment of CHS patients is mainly
aimed at enforcing the severely impaired immune system, in order
to confer the ability to respond against bacterial and viral insults.
At present, the most significant clinical intervention consists in
hematopoietic stem cell (HSC) transplantation, mainly of BM ori-
gin[10,18-21]. However, the use of UCB-T in patients with CHS has
been recently reported [11].

More recently, other authors reported outcomes after HSC trans-
plantation of a significant cohort of CHS patients (35 children)
[22]. With a median follow-up of 6.5 years, the 5-year probabil-
ity of overall survival was only 62%. Due to the severity of this
disease, almost all patients at the moment of HSC transplantation
presented an active AP symptomatology that strongly compro-
mised the outcome, leading to a high mortality in both early and
late phases post-HSC transplantation. Remission, which not always
corresponded to survival, was obtained only in those cases of
disease-free condition at transplantation, performed with HSC from
either HLA-matched sibling donors or unrelated donors.

In this context, we analyzed the functional efficacy of UCB-T on
NK cell effector functions, in an in vitro study performed on NK
cells derived from a CHS patient before and after UCB-T. Firstly, we
investigated NK cell cytotoxic function, both natural and antibody-
dependent and, as reported also by other authors [4-7,23], they
both resulted severely impaired. However, we observed that treat-

ment of CHS-derived NK cell cultures with IL-2 could completely
restore their lytic potential. This is in line with previous reports
showing that cytotoxicity mediated by PBLs or NK cells obtained
from CHS patients could be restored by type I IFN, while cytotox-
icity of total PBMCs or of virally-transformed T cell lines could be
restored by IL-2 [4,23-25]. However, the specific restoration of CHS
NK cell defects by IL-2 has never been reported before. There is only
one report describing unsuccessful NK cell degranulation upon IL-2
treatment, but the discrepancy between our study and the previous
one could derive from differences in the amount of IL-2, cell culture
conditions, and/or cytotoxicity assay [26].

By fluorescence microscopy analysis, we also observed for the
first time how IL-2 was able to restore natural NK cell-mediated
cytotoxicity. Compared to untreated CHS NK cells (our study and
[16,17,27]), perforin-containing granules appeared smaller and
redistributed upon IL-2 treatment, with an orientation towards the
IS established with sensitive targets.

The analysis of samples obtained from our CHS patient at differ-
ent treatment points, before and after the successful UCB-T, allowed
us to observe a partial restoration of NK cell cytotoxic ability, which
was particularly evident several years after the transplant. The
absence of a full recovery at earlier times could be related to the fact
that the infusion of allogeneic HSC does not ensure in CHS patients
the functional reconstitution of the so called “environmental niche”
[28-30].

Itis known, in fact, that during lymphocyte development, the BM
is the site where several events of NK cell development occur, which
can influence and/or determine the final functional fate of NK cell
precursors [28]. These events include the generation of NK cell pre-
cursors from HSC, the acquisition of cell surface receptors involved
in target-cell recognition, the NK cell education, and the emergence
of differentiated NK cells with fully functional competence [29].
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Another aspect that might influence the reconstitution of NK
cell effector functions comes from the evidence that UCB-derived
NK cells have less in vitro killing ability, which can be augmented
by cytokine stimulation, including IL-2, with a final cytotoxicity
not different from similarly treated NK cells from healthy donors
[31-33]. Thus, the delay in the full recovery of NK killing ability
could be the result both of the genetic defect and of the source of
HSC.

An important point of NK cell biology that has emerged in the
recent past is that these cells are not only crucial effectors of innate
immunity, but they also play an important role in determining the
outcome of adaptive immune responses [34]. In fact, NK cells are
able to promptly produce cytokines (e.g., TNF-a and IFN-y) and
chemokines that help to generate and sustain an inflammatory
environment [35]. Because of the functional importance of TNF-a
and IFN-vy, we explored the ability of CHS-derived NK cells to pro-
duce these cytokines. As comparably reported also by other authors
[3], we observed that CHS NK cells showed an almost normal TNF-«
production, but they were strongly impaired in producing IFN-v,
by elucidating a more complex picture linked to the functional
impairment of NK cells in this syndrome. However, upon in vitro
[L-2 treatment, there was a partial restoration in the production of
both cytokines, though at lower levels compared to healthy donors.

In conclusion, the observation of NK cell cytotoxicity restora-
tion mediated by in vitro IL-2 treatment before and after UCB-T,
suggests that this cytokine could be adopted in the clinical therapy
of CHS, though this choice should be limited in time and doses [36]
considering the toxic side effects of this cytokine. Our results also
indicate that treatment of these patients with IL-2 could activate
notonly the innate immune functions mediated by NK cells, but also
aT cell-dependent response due to the immunomodulatory role of

NK cells. For all these reasons, it is plausible to hypothesize a new
scenario with the clinical adoption of IL-2 in the treatment of CHS
patients, in order to improve immune responses and more rapidly
obtain a successful transplant. Of note, this is a treatment already
envisaged in other primary immunodeficiencies, including SCID,
Wiskott-Aldrich syndrome, NEMO, CVID and Ataxia Telangiectasia
[12,37].
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