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Abstract

Purpose Jacobsen syndrome (JS) is a rare form of genetic disorder that was recently classified as a syndromic immunode-
ficiency. Available detailed immunological data from JS patients are limited.

Methods Clinical and immunological presentation of twelve pediatric patients with JS by means of revision of clinical
records, flow cytometry, real-time PCR, and lymphocyte functional testing were collected.

Results Recurrent infections were registered in 6/12 patients (50%), while bleeding episodes in 2/12 (16.7%). White blood
cell and absolute lymphocyte counts were reduced in 8/12 (66.7%) and 7/12 (58.3%) patients, respectively. Absolute numbers
of CD3* and CD4* T cells were reduced in 8/12 (66.7%) and 7/12 (58.3%), respectively. Of note, recent thymic emigrants
(RTE) were reduced in all tested patients (9/9), with T-cell receptor excision circle analysis (TRECs) showing a similar
trend in 8/9 patients; naive CD4* T cells were low only in 5/11 patients (45.4%). Interestingly, B-cell counts, [gM memory
B cells, and IgM serum levels were reduced in 10/12 (83.3%) patients. Natural killer (NK) cell counts were mostly normal
but the percentages of CD16TCD56!°"'~ cells were expanded in 7/7 patients tested. The observed immunological alterations
did not correlate with patients’ age. Finally, responses to proliferative stimuli were normal at presentation for all patients,
although they may deteriorate over time.

Conclusions Our data suggest that patients affected with JS may display important numeric and maturational alterations
in the T-, B-, and NK-cell compartments. These findings suggest that JS patients should be regularly monitored from an
immunological point of view.
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Introduction Materials and Methods
Jacobsen syndrome (JS) is a rare syndromic condi- Patients

tion caused by partial deletions of the 11q chromo-
some. It was first described by Jacobsen in 1973 [1]
and appears more frequently among males (male:female
ratio=2:1) [2]. The estimated prevalence of this disor-
der is 1/100,000 births. The length and position of the
chromosomal deletion define the diagnosis of complete
(11g23del; 5 to 20 MB) or partial JS (less than 5 MB)
[2—4]. Rarely, partial JS can be due to single nucleotide
variants or small indels in critical genes in this region,
such as ETSI or FLII [5, 6].

Clinical presentation of JS is variable and may include
growth and neurodevelopmental delay, facial dysmor-
phisms, and behavioral disorders, together with possi-
ble endocrine, auditory, and ocular burdens [2-4, 7, 8].
Affected patients may present malformations in various
organs such as kidneys, gastrointestinal, urinary, and
genital tract [2-4]. Central nervous system involvement
has also been reported [2-4]. Hematological findings
include macrothrombocytopenia with platelet dysfunc-
tion, known as Paris-Trousseau anomaly, variably associ-
ated with a reduction in the other cell lines and progres-
sively resolving with age [8].

In 2019, the latest International Union of Immunologi-
cal Societies (IUIS) classification recognized JS as a syn-
dromic form of primary immunodeficiency [9]. Altered
immunological parameters included variable hypogam-
maglobulinemia, lymphopenia, and reduction of switched
memory B cells suggesting a defective germinal center
function [2—4, 10]. Affected patients have been reported
to frequently suffer from recurrent respiratory infections
both of the upper and the lower tract, as well as from
warts [2-4, 7-9].

To date, available data on immune alterations in JS are
limited and derive mostly from small cohorts or single case
reports.

We report on a detailed immunological evaluation
from twelve pediatric patients with JS at onset. We also
performed a longitudinal 7-year immunological follow-
up of a female patient currently in adolescence. Collec-
tively, our data show novel and important phenotypic
and numeric alterations in the T-cell compartment of
affected patients with progressive functional impair-
ment over time. In addition, affected patients’ NK cells
show impaired maturational profile, a finding that has
not been reported yet. Finally, the humoral compartment
also resulted affected, in line with previously published
data. Our data suggest that clinicians following patients
with JS should consider periodic immunological evalua-
tion during follow-up.

@ Springer

Retrospective clinical data of twelve JS patients from five
centers in Italy (Brescia, Monza, Firenze, Bologna, Padova)
were collected. All patients were diagnosed with JS based on
genetic analysis showing deletions of the long arm of chr 11.
Informed consent was collected from all patients or their legal
guardians. The study was approved from the local hospital
Ethical Committee and was conducted in accordance with the
1964 Helsinki Declaration.

Flow Cytometry

All analyses were performed from fresh blood samples drawn
in the previous 24 h and conserved at room temperature.
Appropriate mixtures of monoclonal antibodies (MoAb)
were used to design multicolor panels and stain blood cells
according to the manufacturer’s protocols in order to screen
circulating main lymphocyte populations as well as T- and
B-cell subsets.

A TBNK panel, including CD45, CD3, CD4, CDS§, HLA-
DR, CD19, CD16, and CD56, was used to analyze the main
lymphocyte populations and T-cell activation (HLA-DR).

T-cell differentiation was assessed by using CD3, CD4,
CDS8, CD45RA, CCR7, CD31, and TCRYyd MoAb, which
allow to recognize T CD4 and CD8 naive (CD45RA*CCR7"),
central memory (CM) (CD45RA~CCR7™), effector memory
(EM) (CD45RA™CCR77), and terminal differentiated cells
(TD) (CD45RATCCR77), as well as recent thymic emigrants
(RTEs) (CD45RATCCR7* CD31%), and TCRyS expressing
cells.

Analyses of B-cell subpopulations were assessed by using
CD10, CD19, CD20, IgM, IgD, CD38, CD27, and CD21
MoAb. It enables the differentiation of recent bone marrow
emigrants (RBEs) (CD387*CD10™), naive (IgD*IgM™CD27"),
switched memory (Sw. Mem.) (IgD"IgM~CD27%), IgM mem-
ory (IgM Mem.) (IgD*IgM*CD27%), terminal differentiated
(CD38*+CD27*CD207), and CD21'°¥CD38"" cells.

Multicolor tubes were acquired on FACSCanto II (BD
Biosciences) flow cytometers. Data were analyzed with
FACSDiva (BD Biosciences).

Quantification of TRECs

The number of TRECs was quantified by multiplex quantita-
tive real-time PCR, using DNA obtained from peripheral blood
mononuclear cells (PBMC), isolated by density gradient cen-
trifugation from fresh blood samples as previously reported [11].
Their quantities, as well as that of the T-cell receptor alpha chain
constant (TRAC) region, which is used as a reference gene, have
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been extrapolated from a standard curve obtained by tenfold
serial dilutions of a plasmid DNA which contains an insert of
TREC and TRAC fragments. The number of TREC:s is given
per milliliter of blood, equal to (TRECs/PBMC) X (lympho-
cyte+monocyte count in 1 mL of blood).

Alternatively, TREC assays were measured in dried blood
spot [12]. Calibration curves were generated by means of
tenfold serial dilution of plasmids that contain TREC and
B-actin sequences. The forward, reverse primers and probes
for TRECs were designed using Primer Express software
version 3.0 (Applied Biosystems). TREC levels were nor-
malized per microliter of blood, assuming that the sample
contains approximately 9 pL of whole blood (3 punch, 3
pL of whole blood/punch). Finally, TREC values were con-
verted to numbers per milliliter.

Reference values previously generated using the first pro-
tocol were validated also in groups of age-matched healthy
controls tested with the alternative protocol.

T-cell Proliferation Assay

PBMCs were isolated by density gradient centrifugation
from fresh blood samples and labelled with Carboxyfluores-
cein Succinimidyl Ester (CFSE) (1.6 X 10° cells resuspended
in 1 mL of PBS) according to the manufacturer’s protocol
(BD Biosciences). CFSE-labelled PBMCs were placed in
96-well culture plates and stimulated with phytohemag-
glutinin (PHA) (6.25 pg/mL) (Sigma Aldrich), or anti-CD3
MoAb (5 pg/mL) (Beckman Coulter) with or without inter-
leukin 2 (IL2) (600 U/mL) (Peprotech). After 4 days of incu-
bation under standard culture conditions, cells were stained
with anti-CD3 PerCP-Cy5.5, anti-CD4 APC, and anti-CD8
APC-H7 MoAb according to the manufacturer’s protocol
(BD Biosciences). Samples were acquired on FACSCanto 11
flow cytometer and T-cell proliferation was quantified using
FlowJo (Tree Star) software.

Results

Clinical Presentation at First Inmunological
Evaluation

All patients in our cohort presented typical dysmorphic fea-
tures of JS. Nearly all showed neurodevelopmental delay
(11/12,91.7%), while 6/12 (50%) patients displayed growth
retardation. Interestingly, congenital heart disease was
observed in 7/12 (58.3%) patients (Table 1).

Susceptibility to Infectious Diseases

The patients with JS in our cohort presented an increased
susceptibility to infections: three out of twelve patients

(25%) suffered from recurrent herpes simplex mucocuta-
neous infections, while another four out of twelve (33.3%)
presented recurrent respiratory infections. One of these
four patients (Pt5) suffered from severe Aspergillus fumiga-
tus pneumonia and developed bronchiectasis at the age of
4 years, based on lung CT scan. Due to the recurrence and/
or severity of the infectious episodes, 5/12 (41.7%) patients
receive antimicrobial prophylaxis and 2/12 (16.7%) immu-
noglobulin substitution (Table 1).

Bleeding Diathesis

Two out of twelve patients (16.7%) had a positive clinical
history for bleeding-related complications and they both
experienced brain hemorrhage during the perinatal period.
More in detail, multiple cerebral cysts containing hemor-
rhagic material were identified by ultrasound and magnetic
resonance imaging (MRI) at birth in Pt1, resulting in second-
ary epilepsy and contributing to an important neurodevelop-
mental delay. Pt8 presented with intraventricular and paren-
chymal hemorrhage in the first days of life, as documented
by brain computed tomography and MRI. These bleeding
manifestations were associated with a very severely reduced
platelet count (10 10*/uL at birth for Pt1 and 4 x 10%/uL at
birth for Pt8).

During our evaluation, two out of twelve patients (16.7%)
developed a mild thrombocytopenia (platelet count between
100 and 150 x 103/pL), two patients (16.7%) had a moderate
thrombocytopenia (platelet count between 50 and 100X 10°/
pL), while the remaining ones (8/12; 66.7%) presented nor-
mal platelet counts (Table 2).

Immunological Evaluation

The immunological work-up during the first evaluation
showed altered values for several parameters (Table 2). More
in detail, white blood cell (WBCs) and absolute lympho-
cyte counts were reduced in 8/12 (66.7%) and 7/12 (58.3%)
patients, respectively (Table 2 and Supplementary Table 1),
independently of their age. Absolute neutrophil and plate-
let counts were reduced in 1/12 (8.3%) and 4/12 (33.3%)
patients, respectively.

Immunoglobulin serum values determination showed
reduced IgM levels in 10/12 (83.3%) patients while IgG and
IgA levels were reduced in 4/12 (33.3%) and 5/12 (41.7%),
respectively.

Peripheral distribution of T-cell subsets at first evaluation
revealed alterations in CD3*, CD4%, and CD8" cell percent-
ages in 5/12 (41.7%), 3/12 (25%), and 6/12 (50%), respec-
tively. Of note, absolute lymphocyte counts of these subsets
displayed a common trend, with total CD3* and CD4* T
cells reduced in 8/12 (66.7%) and 7/12 (58.3%) patients,
respectively, while only four out of twelve (33.3%) patients

@ Springer
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Table 2 Hematological and immunological alterations at first evalua-
tion in twelve patients with Jacobsen syndrome

Table 3 First detailed immunological characterization of twelve
patients with Jacobsen syndrome

Parameter Number (%) of Parameter Number (%) of
patients with altered patients with altered
values values

White blood cells (x 103 cells/pL) 8/12 (66.7%) CD3* (%) 5/12 (41.7%)

Absolute lymphocyte counts (x 103 cells/pL)  7/12 (58.3%) CD3" (abs No.) 8/12 (66.7%)

Absolute neutrophil counts (X 103 cells/pL) 1/12 (8.3%) CD3*CD4* (%) 3/12 (25%)

Platelet counts (X 103 cells/pL) 4/12 (33.3%) CD3*CD4* (abs No.) 7/12 (58.3%)

Hemoglobin (g/dL) 0/11 (0%) CD4*HLA-DRY (%) 1/10 (10%)

1gG (mg/dL) 4/12 (33.3%) Naive CD45RATCCR7" (%) 5/11 (45.5%)

IgA (mg/dL) 5/12 (41.7%) Naive CD45RATCCR7* (abs No.) 6/11 (54.5%)

IgM (mg/dL) 10/12 (83.3%) RTE CD45RAYCCR7*CD317" (%) 9/9 (100%)

CD3* (%) 5/12 (41.7%) RTE CD45RATCCR7*CD31" (abs No.) 9/9 (100%)

CD3" (abs No.) 8/12 (66.7%) Centr. Mem. CD45RA™CCR7" (%) 4/10 (40%)

CD3*CD4% (%) 3/12 (25%) Eff. Mem. CD45RA™CCR7~ (%) 5/10 (50%)

CD3*CD4* (abs No.) 7/12 (58.3%) Term. Diff. CD45RATCCR7™ (%) 3/10 (30%)

CD3*CD8* (%) 6/12 (50%) CD3*CD8* (%) 6/12 (50%)

CD3*CD8* (abs No.) 4/12 (33.3%) CD3*CD8" (abs No.) 4/12 (33.3%)

CD19* (%) 5/12 (41.7%) CD8'HLA-DR™ (%) 1/10 (10%)

CD19" (abs No.) 10/12 (83.3%) Naive CD45RATCCR7" (%) 2/10 (20%)

CD3-CD16/CD56" (%) 2/12 (16.7%) Centr. mem. CD45RA™CCR7* (%) 4/10 (40%)

CD3~CD16/CD56* (abs No.) 3/12 (25%) Eff. mem. CD45RA™CCR7™ (%) 1/10 (10%)

Term. Diff. CD45RATCCR7~ (%) 1/10 (10%)

abs No absolute number

showed a reduction in the CD8* T-cell counts (Table 2 and
Supplementary Table 1).

Lymphocyte alterations were observed also in B and NK
compartments. Percentages of CD19% and CD3~CD16/
CD56™ cells were reduced in 5/12 (41.6%) and increased
in 2/12 (16.7%), respectively. On the other hand, absolute
numbers of the same subsets were reduced in 10/12 (83.3%)
and 3/12 (25%), respectively (Table 2 and Supplementary
Table 1).

These evident immunological abnormalities in the lym-
phocyte compartments prompted us to proceed with a more
detailed immunophenotyping (Table 3, Fig. 1, and Supple-
mentary Table 1).

As seen in Fig. 1A, patients’ T cell showed important
alterations in the early stages of CD4" T cell maturation.
Of note, while the percentages and absolute counts of naive
CD4" T cell subsets were decreased only in 5/11 (45.4%)
and 6/11 (54.5%) patients, respectively (Table 3, Fig. 1B,
and Supplementary Table 1), RTEs were significantly
reduced in all patients analyzed both as absolute counts
and as percentages. TRECs showed a similar trend, with
8/9 (89.9%) patients displaying values below or at the lower
end of the normal range for age (Fig. 1C).

Analysis of peripheral B-cell distribution showed several
alterations (Fig. 2, Table 3, and Supplementary Table 1),
mostly involving the memory compartment, as shown in
Fig. 2A. More in detail, the early stages of B cell maturation

CD4/CDS8 ratio
CD4-CD8- TCRYS + (%)

4/12 (33.3%)
4/12 (33.3%)

TRECs/mL 5/9 (55.6%)
CD19* (%) 5/12 (41.7%)
CD19* (abs No.) 10/12 (83.3%)
RBE CD38+*CD10* (%) 1/8 (12.5%)
Naive IgD IgM*CD27~ (%) 3/12 (25%)
CD197*CD21"% (%) 4/12 (33.3%)

IgM mem. IgD*IgM*CD27% (%)
IgM mem. IgD*IgM*CD27* (abs No.)

5/12 (41.7%)
10/12 (83.3%)

Sw. mem. IgD IgM~CD27* (%) 1/12 (8.3%)
Sw. mem. IgD IgM~CD27* (abs No.) 7/12 (58.3%)
Term. Diff. CD38**CD277CD20™ (%) 1/9 (11.1%)
CD3~CD16/CD56% (%) 2/12 (16.7%)
CD3~CD16/CD56* (abs No.) 3/12 (25%)

CD16*CD56%™ (%)
CD16*CD56""~ (%)
Proliferative response:

7/7 (100%)
7/7 (100%)

Anti-CD3 MoAb 0/7 (0%)
Anti-CD3 MoAb+1L2 0/7 (0%)
PHA 0/8 (0%)

abs No. absolute number, RTE recent thymic emigrants, Centr. Mem.
central memory, Eff. Mem. effector memory, Term. Diff terminally
differentiated, RBE recent bone marrow emigrants, /gM Mem. 1gM
memory, Sw. Mem switched memory

@ Springer
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Fig. 1 Characterization of CD4" T cells in patients with Jacobsen
syndrome. (A) Representative flow cytometry plots of cell subset
distribution for Pt 9 (right) and an age-matched healthy control (HC)
(left). Cell subsets were measured as percentages of CD4" cells and
are presented as follows: CD45RA™ CCR7* naive cells (red), among
which CD31% recent thymic emigrants (RTEs) are highlighted in
yellow, CD45"CCR7* central memory (orange), CD45RA"CCR7~
effector memory (light orange), and CD45RA*CCR7~ terminally

(i.e., RBEs) were normal in almost all patients, while naive
B cells were increased in 3/12 (25%) patients suggesting a
perturbance at early stage of both CD4* and CD197 cells in
this syndrome. In parallel with the reduction of IgM serum
levels, five out of twelve patients (41.7%) (10/12 in terms of
absolute counts) showed a reduction in IgM memory B cells.
Switched memory B cell percentages were reduced only in
one patient (8.3%), but 7/12 showed a reduction in terms
of absolute counts (Table 3, Fig. 2B, and Supplementary
Table 1). Of note, the CD21'°*CD38'°" population showed a
relative expansion in 4/12 (33.3%) patients in the absence of
autoimmune manifestations. Finally, the terminal stages of
peripheral B-cell maturation (terminally differentiated cells)
were below normal range in 1/9 (11.1%) patients (Table 3 and
Supplementary Table 1).

@ Springer

differentiated cells (pink). (B) Graphic representation of CD4*
naive cells, RTEs, and TRECs in patients with Jacobsen syndrome.
Patients’ percentages of naive cells, RTEs, and number of TRECs are
indicated with black dots and plotted on X axis according to patients’
age group; gray boxes and lines represent interquartile ranges and
2.5-97.5 percentile ranges, respectively, of age-matched healthy con-
trol values derived from our laboratory database

Analysis of NK cells, based on CD16 and CD56 expres-
sion on CD3 negative cells, revealed a marked reduction
of the percentage of the main NK subset, constituted by
CD16"CD56%™ cells, in all tested patients (7/7), indepen-
dently of patients’ age (Supplementary Table 1 and Sup-
plementary Fig. 1). On the opposite, all of these patients
displayed a number of CD16*CD56'°"~ cells that exceeded
their normal age range (Supplementary Table 1 and Sup-
plementary Fig. 1).

Based on the T-cell alterations in our cohort, responses
to proliferative stimuli were evaluated and resulted normal
in all tested subjects at first evaluation (Table 3 and Sup-
plementary Table 1).

Data on long-term immunological follow-up in patients
affected with JS are not available. However, one of the
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Fig.2 Flow cytometry characterization of B-cell subsets in patients
with Jacobsen syndrome. (A) Representative plots of B-cell subsets
distribution for Pt8 (right) and an age-matched healthy control (HC)
(left). Cell subsets were measured as percentages of total CD19* B
cells and, after gating on CD197CD20" cells, are presented as fol-
lows: IgD*IgM*CD27~, naive cells (light blue), among which
CD38"*CD10* recent bone marrow emigrants (RBEs) are high-
lighted in yellow, sIgD*sIgM*CD27% IgM memory (green), and

affected patients from our cohort has been in regular follow-
up for 7 years starting from the age of 6 (Pt8). As shown
in Supplementary Fig. 2, during follow-up, her neutrophil
and platelet counts remained at the lower end of the normal
range for age (data not shown), while her absolute lympho-
cyte counts were constantly below the lower limit for age
(Supplementary Fig. 2). Within lymphocyte subsets, both
CD4* and CD8* naive T cells remained constantly below
the normal range for age. RTEs followed the same pattern
(Supplementary Fig. 2).

Finally, while the IgG serum levels resulted within nor-
mal range for age, both IgA and IgM remained constantly

slgD~sIgM~CD27* switched memory cells (light green). (B) Graphic
representation of switched and IgM memory B cells in patients
with Jacobsen syndrome. Black dots indicate patients’ percent-
ages of switched (left panel) and IgM memory B cells (right panel)
at first immunological evaluation and are plotted on X axis accord-
ing to patients’ age group; gray boxes and lines represent interquartile
ranges and 2.5-97.5 percentile ranges, respectively, of age-matched
healthy control values derived from our laboratory database

below normal limits, indicating a parallelism with the poor
amount of switched and IgM memory B cells, whose per-
centages on total B cells were constantly at the lower end of
the normal range for age (Supplementary Fig. 2).

Considering the important lymphopenia associated with
profound T-cell alterations, responses to proliferative stimuli
were repeated over time and revealed a progressive impair-
ment upon in vitro PHA stimulation at the age of 11 years
(Supplementary Fig. 2), while the responses to the other
stimuli (i.e., anti-CD3 MoAbD, anti-CD3 MoAb +1L2)
resulted impaired starting from the age of 12 (Supplemen-
tary Fig. 2).
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Discussion

The recent IUIS classification included JS (11g23del) as a syn-
dromic form of primary immunodeficiency [9]. The limited
number of patients that have been evaluated from an immu-
nological point of view presented mainly with humoral altera-
tions such as low immunoglobulin serum levels and reduced
switched memory B cells [9]. A minority of reported patients
showed reduced T- and NK-cell counts, in the context of reduced
lymphocytes count [9, 10, 13]. We report on the first detailed
immunological evaluation of twelve pediatric patients affected
with JS and show that all the main lymphocyte compartments
presented with some alterations in cell differentiation.

From a clinical point of view, our study confirms the pre-
viously reported increased incidence of respiratory infections
among patients with JS, independently of age. Both the upper
and the lower respiratory tract were affected, with only one
patient presenting with bronchiectasis and opportunistic lung
infections (fungal). Based on clinical complications and/or
immunological alterations, 5/12 patients were put on antimi-
crobial prophylaxis and 2/12 on immunoglobulin replacement
treatment.

Patients with JS have been reported to show an increased
bleeding risk due both to reduced platelet number and altered
platelet function [2, 3]. Brain hemorrhages are a rare manifesta-
tion of JS but have been reported exclusively beyond the perina-
tal period [14]. Here we report that cerebral bleeding can occur
in utero or in the immediate post-natal period, most likely result-
ing in a worsening of the neurological status. The relatively high
prevalence of perinatal brain hemorrhages in our cohort suggests
that this might be an under-estimated feature of JS.

Lymphopenia resulted a rather common finding, being pre-
sent in 58.3% of patients, independently of age, and can be
severe in some cases. In fact, Pt1 has an important reduction of
CD3* T cells, reduced TREC and profound hypogammaglobu-
linemia requiring immunoglobulin substitution since the first
months of life, similar to what observed in Severe Combined
Immune Deficiency. Reduction of immunoglobulin serum levels
has previously been reported in JS and is considered a hallmark
of JS in the recent IUIS classification. In our cohort, all of the
patients displayed abnormal immunoglobulin serum levels in
at least one subclass. Specifically, 10/12 patients had low IgM
serum levels, while IgG and IgA levels were reduced in 4/12 and
5/12 patients, respectively. Peripheral B-cell evaluation showed
a profound reduction in IgM memory cell counts in all patients
with low IgM serum levels (10/10). Five of them also presented
with an associated reduction in IgG serum levels with a parallel
reduction in switched memory B cell counts. Overall, these data
suggest that, at least in this cohort of JS patients, humoral altera-
tion associated with reduction in one or more immunoglobulin
isotypes may reflect a B-lymphocyte maturation impairment that
appears more evident in later stages of cell differentiation.

@ Springer

Defective immunoglobulin secretion and B-cell matura-
tion are both observed in JS patients from an early age to
adulthood, and there are no signs of amelioration of immu-
noglobulin serum levels nor enlargement of memory B-cell
compartment during follow-up in Pt8.

The T-cell compartment has been reported to be numeri-
cally altered in a minority of JS patients, together with
reduced NK cells [10]. In our cohort, evaluation of periph-
eral T-cell distribution showed variable alterations. More in
detail, patients’ T-cell compartment showed an important
defect in the early stages of CD4" T-cell maturation with a
significant reduction in RTEs in all patients analyzed and a
concomitant reduction of TRECs in the majority of cases. Of
note, naive CD4* T cells followed the same trend only in a
small number of subjects. The later stages of peripheral T cell
differentiation were not significantly altered. Our data clearly
suggest that patients with JS may present important T-cell
alterations, in slight contrast with previously published data
[10], with evident clinical implications. Although T cells were
phenotypically and numerically significantly altered in our
cohort, initial functional evaluation of these cells by means
of responses to proliferative stimuli was normal. Nonetheless,
during follow-up, the functional performance of T cells in Pt8
appears to decline, further suggesting that periodic detailed
immunological evaluation in affected patients is warranted.

In our cohort, 3/12 patients presented with reduced NK-cell
counts. The separate evaluation of CD56 and CD16 expression
on NK cells showed the presence of a not age-related abnor-
mal cell subset distribution also in this lymphocyte compart-
ment. Specifically, we observed an increased frequency of
CD16"CD56""~ cells in all JS tested patients compared to
age-matched healthy controls. Given the phenotypic charac-
teristics of this cell subset, whose expansion can be observed
in aging and in some chronic viral infections such as HIV [15,
16], it is tempting to speculate that JS patients may present an
increased proportion of poor cytotoxic-terminally differentiated
cells compared to normal individuals from an early age.

The chromosomal deletion responsible for JS involves
genes such as FLI-1, ETS-1, and TIRAP that have been
shown to variably affect the immune system in experimental
settings [17-22]. Among these, ETS-1 and TIRAP have been
shown to be involved in T- and B-cell activation and matu-
ration [17-19]. Available experimental data on the role of
FLI-1 suggest its involvement in the maturation and function
of T, B, and NK cells [20-22]. Although the role of these
genes in patients with JS has not been studied yet in detail,
it is possible that they may play a role in the immunological
alterations observed in our cohort of patients.

In conclusion, our data show for the first time important
alterations in all the main lymphocyte subsets in pediat-
ric JS patients, independently of age. Reduced absolute
lymphocyte counts should be considered one of the first
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elements indicating the necessity of an immunological
evaluation for affected patients, besides infectious his-
tory. Finally, our data suggest that, since the T-cell com-
partment tends to deteriorate over time, periodic detailed
immunological evaluations for affected patients are
warranted.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10875-021-01169-2.
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