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Summary

Immune dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) is
a rare syndrome due to a mutation in the forkhead box protein 3 gene (FOXP3)
leading to an impaired regulatory T cell (Treg) activity associated both with
skewed T helper type 2 (Th2) response and autoreactive phenomena. The
purpose of this study was to describe a combined proteomics and genomics
approach to comprehensively evaluate clinical and immunological pheno-
types of patients affected by IPEX. T cell receptor (TCR)-Vb repertoire and
peripheral blood lymphocytes phenotype from three brothers affected by
IPEX were studied by flow cytometry. Specific immunoglobulin (Ig)E were
evaluated by means of an allergenic molecules microarray [immuno solid-
phase allergen chip (ISAC)]. Total RNA was extracted and hybridized to
Affymetrix oligonucleotide arrays to obtain quantitative gene-expression
levels. No FOXP3 protein was detectable within CD127-CD25highCD4+ T cells
from peripheral blood. A T cell-naive phenotype (CD62L+CD45R0-) associ-
ated with a reduction of both CD26 and CD7 expression and a TCR-Vb 8 and
22 family expansions were found. B lymphocytes were mainly CD5+ (B1) cells
expressing a naive phenotype (tcl1+CD27-). The three IPEX patients had
severe food allergy and specific IgE reactivity to cow’s milk allergens, a hen’s
egg allergen and a wheat allergen. Gene expression profile analysis revealed a
dysregulation associated mainly with Th1/Th2 pathways. The multiplexing
evaluation reported in this study represents a comprehensive approach in the
assessment of genetic conditions affecting the immune system such as the
IPEX syndrome, paving the way for the development of diagnostic tools to
improve the standard clinical and immunological profiling of the disease.
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Introduction

Immune dysregulation, polyendocrinopathy, enteropathy,
X-linked (IPEX, OMIM 304790) is a rare, recessive syn-
drome that affects male infants, often characterized by a
rapidly fatal course [1]. Hallmark features of IPEX syndrome
are protein-losing enteropathy with refractory and some-
times life-threatening diarrhoea, chronic eczematous derma-
titis with sometimes elevated levels of total immunoglobulin
(Ig)E and polyendocrinopathies such as type 1 diabetes
(insulin-dependent diabetes mellitus, IDDM) and hypo-
thyroidism, haemolytic anaemia and thrombocytopenia,
usually with the presence of autoantibodies [2]. No effective
therapy for IPEX syndrome patients is currently available.

IPEX syndrome is due to mutation in the forkhead box
protein 3 gene (FOXP3) located on chromosome Xp11.23.
However, in approximately 50% of patients with clinical
findings compatible with IPEX clinical phenotype, no muta-
tion could be demonstrated [3]. The gene encodes a 431-
amino acid, 48 kDa, protein, also named scurfin, belonging
to the forkhead/winged-helix family of transcription factors,
essential for the generation of CD4+CD25+ regulatory T lym-
phocytes (Treg) in the thymus [4–6]. A growing body of
experimental and in-vivo evidence has shown that the
absence or the dysfunction of a proper Treg activity could
lead to a dysregulated immune response characterized by
both IgE-mediated reaction due to a skewed T helper type 2
(Th2) response [7] and autoreactive phenomena due to the
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presence of self-reactive T cell activation and proliferation
[8,9]. The autoimmune imbalance has been widely described
in this disease in terms of specific autoantibody response,
while only limited data are currently available on the specific
IgE response to environmental allergens [10,11].

We report herein a combined proteomics and genomics
approaches to comprehensively evaluate the clinical and
immunological phenotypes. This combined approach was
first applied to three brothers affected by IPEX syndrome, all
presenting multiple severe allergic reactions to foods and
chronic eczema.

Materials and methods

Clinical cases

Three brothers, born in 1980 (Y1), 1990 (Y2) and 1994 (Y3),
after uneventful pregnancies to otherwise healthy non-
consanguineous parents, and diagnosed previously as
affected by IPEX in 2003, asked for a consultation at the
Center for Molecular Allergology (IDI-IRCCS, Rome, Italy)
in 2007. An older brother, born in 1978, died at 10 months of
age for causes which could not be detailed by the parents. He
was affected by severe diffuse eczema and complicated
enterocolitis with intractable diarrhoea. No information is
available regarding whether or not the baby presented addi-
tional symptoms, such as endocrinopathy. No autopsy was
performed.

Patient Y1, the eldest living brother, had no problems
during the neonatal period while he was exclusively breast-
fed, but in the course of the first year of life he developed
abdominal pain, watery bloody diarrhoea, accompanied by
severe eczema and urticaria/angioedema after ingestion, or
even inhalation, of cow’s milk. Similar symptoms were
observed after the ingestion of small amounts of hen’s egg
at 3 years of age. At the age of 14, high titres of anti-
thyroperoxidase and anti-thyroglobulin antibodies were
detected. The autoimmune thyroiditis was followed by clini-
cal hypothyroidism and 3 years later an autoimmune scle-
rosing cholangitis was diagnosed. In 2006 he presented a
painless, slowly growing mass in the right palatine tonsil. A
histological diagnosis of non-Hodgkin’s B cell lymphoma,
diffuse large cell type, was made after a biopsy of the lesion.
The patient was treated with two courses of chemotherapy,
including methotrexate, bleomycin, doxorubicin, cyclophos-
phamide, vincristine and dexamethasone (m-BACOD).
After chemotherapy, an impressive improvement of chronic
eczema was recorded, as reported by the patient and his
parents.

Because of the older brother’s medical history, the two
younger brothers (Y2 and Y3) were exclusively breastfed and
the mother’s diet was restricted to exclude cow’s milk
proteins. Despite these preventive measures, during their
first year of age they both developed eczema, severe watery
bloody diarrhoea, urticaria and angioedema, even though

exclusion was extended from cow’s milk proteins to eggs,
peanuts and fish. Immediate, severe generalized allergic reac-
tions occurred in both children after the accidental ingestion
of negligible traces of cow’s milk or egg proteins. These
reactions were characterized by immediate nausea and vom-
iting, accompanied by severe abdominal pain and watery
diarrhoea. In patient Y3, several episodes of angioedema
and lip swelling were observed upon ingestion of wheat-
containing food. Autoimmune thyroiditis was diagnosed in
both brothers at the age of 12 and 10 years, respectively.
None of the three patients developed glucose intolerance or
insulin-dependent diabetes mellitus at the time of our
observation.

The avoidance of milk and egg ingestion was followed by
the disappearance of urticaria, angioedema and a mild
improvement of diarrhoea, but no direct effect on eczema
was obtained.

In 2007 their major complaint was worsening of eczema
and the development of rhinitis and asthma. Multiplex
approaches including IgE determination using an allergen-
based microarray, a microarray genomics testing, a compre-
hensive flow cytometry analysis, including T cell receptor
(TCR)-Vb and a broad panel of CD lymphocyte markers,
were applied in order to define their immunological and
allergy profiles. All subjects were enrolled into clinical pro-
tocols approved by the Ethical Committee of IDI-IRCCS and
informed written consent was obtained in accordance with
the Declaration of Helsinki.

FOXP3 gene analysis

DNA was isolated from peripheral blood by using the
QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany).
Eleven exons, including all intron–exon boundaries, were
amplified from genomic DNA by means of polymerase chain
reaction (PCR) with specific flanking intron primer pairs
[2]. The amplified gene fragments were sequenced by using
the BigDye Terminator Cycle Sequencing Kit (Applied Bio-
systems, Foster City, CA, USA) on an automated ABI PRISM
310 Genetic Analyzer (Applied Biosystems).

Fluorescence activated cell sorter (FACS) analysis

The TCR-Vb repertoire and circulating lymphocytes pheno-
type were evaluated extensively using a panel of specific
monoclonal antibodies, as reported in Table 1. Quantitative
analysis for five-colour FC was carried out using FACS-Aria
cytofluorimeter (Becton Dickinson Immunocytometry
Systems, San Diego, CA, USA). The data were evaluated by
means of the BD FACSDiva software (Becton Dickinson).

Allergenic molecules proteomic microarray for specific
IgE detection

A protein microarray having 89 native or recombinant aller-
genic molecules [immuno solid-phase allergen chip (ISAC);
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VBC-Genomics, Vienna, Austria] was used for specific IgE
detection [12]. Microarray slides bearing allergens spotted in
triplicate were placed into a humid chamber and 20 ml of
undiluted serum from allergic patients were applied to the
individual reaction sites. After 120 min incubation, allergen
chips were washed and rinsed, and then probed with 20 ml of
anti-human IgE antibody (Pharmingen, San Diego, CA,
USA) for 60 min. Images were acquired by scanning the
allergen chips using a ScanArray Gx Microarray scanner
(Perkin Elmer Life Sciences, Boston, MA, USA), with two
laser power settings, and evaluated using the software
Microarray Image Analyzer 1·5 (VBC-Genomics).

Genomics microarray expression profile

Total RNA was extracted from the peripheral blood mono-
nuclear cells (PBMC) of each IPEX syndrome patient, with
both parents acting as controls. RNA-Trizol reagent (Invit-
rogen, Carlsbad, CA, USA) was used for the extraction pro-
cedure, according to the manufacturer’s protocol. Total RNA
was assessed by spectroscopy at 260/280 nm (NanoDrop;
Thermo Scientific, Wilmington, DE, USA) and its quality
analysed by gel electrophoresis.

Biotinylated cRNAs probes were prepared and hybridized
to HG-U133A2·0 GeneChip oligonucleotide arrays follow-

ing the Affymetrix protocol (Affymetrix, Santa Clara, CA,
USA). Analysis was performed using the BRB-Array Tools
software (Biometric Research Branch, National Cancer
Institute), a comprehensive package for the visualization
and statistical analysis of DNA microarray gene expression
data. The random variance model was applied to the fil-
tered data sets. This model assumes that the variance of the
residuals in analysis of variance (anova) for each gene is a
random variable from a common inverse gamma distribu-
tion with unknown parameters. To identify genes that were
differentially expressed between the IPEX syndrome and
parents groups, supervised analysis, using ‘class comparison
tools’ of BRB array tools, was performed. The test, using
random variance, compares the differences in mean log-
intensities between classes relative to the expected variation
in mean differences computed from the independent
samples. Genes with P-values < 0·01 were considered statis-
tically significant. The false discovery rate was also esti-
mated for each gene using the method of Benjamini and
Hochberg [13] to control for false positives. After signifi-
cant genes were identified, annotation and functional clus-
tering was performed using Database for Annotation,
Visualization and Integrated Discovery (DAVID) [14,15].
The raw list of AffyIDs was submitted as a ‘gene list’
to DAVID and the data were then analysed using the

Table 1. Flow cytometry-based lymphocyte CD phenotyping of immune dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) patients

and their parents. No detectable FOXP3 protein was found within CD127-CD25highCD4+ T cells subset [regulatory T cells (Treg)] in all patients. Raised

levels of naive cells were also found both in T (CCR7+CD62L+CD45R0-CD45RA+) and B cell subsets (TCL1+CD27-). Raised levels of CD19+CD5+ B

lymphocytes (B1 subset), were observed, in one case (Y3) associated with a clear increase of B cells.

CD Lymphocyte markers

IPEX patients* Parents

Normal valuesY1 Y2 Y3 Father Mother

CD3+ 80·7 60·5 20·0 57·8 74·0 75 � 8

CD3+ CD4+ 19·4 24·4 13·0 36·1 44·3 52 � 6

CD3+CD8+ 30·0 25·0 6·0 21·0 22·0 23 � 7

CD3+ CD4+ CLA+ 2·7 0·9 5·1 3·8 0·5 6·9 � 3·6

CD3+ CD4+ CD49d+ 90·0 43·9 89·0 82·4 100 80·5 � 8·7

CD3+ CD4+ a4b7+ 26·1 32·6 26·5 43·4 45·6 20 � 6

CD3+ CD4+ CD45R0- CD45RA+ 93·0 72·8 82·0 63·0 53·0 37 � 14

CD3+ CD4+ CD45R0+ CD45RA+ 6·0 18·5 10·0 23·0 18·5 6 � 10

CD3+ CD4+ CD45R0+ CD45RA- 0·6 27·5 6·0 14·0 28·5 58 � 15

CD3+ CD4+ CD7+ 38·5 39·2 50·0 41·6 73·3 82 � 6·5

CD3+ CD4+ CD26+ 47·8 9·6 20·7 24·3 73·2 72·1 � 7·2

CD3+ CD4+ CD60+ 49·0 24·3 30·2 21·5 22·5 18·6 � 7·1

CD4+ CCR7+ CD62L+ CD45R0- 67·6 65·6 85·5 29·0 20·7 31·7 � 12·1

CD4+ CCR7+ CD62L+ CD45R0+ 12·7 25·6 9·5 18·0 14·3 15·5 � 7·2

CD4+ CCR7- CD62L- CD45R0+ 19·7 8·8 5·0 53·0 65·0 29·1 � 7

CD4+ CD127low CD25+ FOXP3+ <0·01 <0·01 <0·01 2·0 0·5 2·5 � 3·5

CD19+ 6·5 17·0 60·5 6·9 9·1 13 � 3

CD19+ IgE+ 1·0 0·9 1·6 0·8 0·3 0·2 � 0·3

CD19+ TCL1+ CD27- 88·1 93·6 96·7 54·2 44·3 46·3 � 11·8

CD19+ TCL1- CD27+ 11·7 4·7 3·3 45·8 55·0 35·9 � 7·7

CD19+ TCL1+ CD27+ 0·2 0·3 0·0 0·0 0·7 1·1 � 0·8

CD19+ CD5+ 77·4 75·9 86·8 16·0 22·0 6 � 5·5

CD19+ CD5- 22·6 22·2 13·0 80·0 78·0 13 � 3

*Grey shaded boxes indicate subset prevalence having statistically significant differences when compared to normal values.
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‘Functional Annotation Clustering’ tool using the ‘High’
classification stringency setting.

Results

As IPEX syndrome affected individuals carry the FOXP3
gene mutation, we analysed the relative nucleotide sequence.
A single-base substitution (543 C > T) at the intron 4/exon
5 boundary that resulted in a silent mutation (S181S) was
found in all three brothers. The 543 C > T transition is
reported as a rare polymorphism (rs2232367) in the single
nucleotide polymorphism (SNP) National Center for Bio-
technology Information (NCBI) database and its conse-
quences on FOXP3 mRNA processing, stability or expression
are still not clarified and, therefore, cannot be totally
excluded [16–20].

FACS analysis

An extensive FACS analysis revealed a profound imbalance
of peripheral lymphocytes subsets in all subjects. No detect-
able levels of FOXP3 protein were found within the
CD127-CD25highCD4+ T cells subset (Treg cells) in any of the
three patients (Table 1). These data confirmed previous
studies demonstrating that the lack of FOXP3 in Treg cells
affects the peripheral blood lymphocytes subsets [19,21].
Most T cells had a naive phenotype (CCR7+CD62L+

CD45RA+CD45R0-) and a reduction of both CD26 and CD7
expression in T cells was recorded. TCR-Vb repertoire evalu-
ation showed the expansion of TCR-Vb 8 and 22 in the two
older brothers (Fig. 1). Raised levels of CD19+CD5+ B lym-
phocytes (B1 subset), with a naive phenotype (tcl1+CD27-)
[22], were observed in all patients, but the youngest patient
showed significantly higher levels of CD19+CD5+ cells
(60·5%) in the peripheral blood.

Allergenic molecule microarray IgE analysis

Because dysregulated total IgE production was already
observed in patients affected by IPEX syndrome [1,5], we
also evaluated the specific IgE profile in our patients. Low to
slightly increased total IgE levels were found (Table 2). When
measuring the specific IgE levels by means of the microarray
system, IgE reactivity to hen’s egg lysozyme (Gal d 4) was
recorded in the older brother, whereas the presence of spe-
cific IgE to cow’s milk allergens, namely the b-lactoglobulin,
Bos d 5, the casein fraction, Bos d 8, and the aS1 casein, Bos
d 8aS1, hen’s egg ovalbumin and lysozyme (Gal d 2 and Gal
d 4, respectively) and wheat gliadin (Tri a 19) were found in
the second brother. A similar IgE profile was found in the
youngest patient, recorded positive to b-lactoglobulin (Bos d
5), bovine serum albumin (Bos d 6), hen’s egg ovalbumin
and lysozyme (Gal d 2 and Gal d 4, respectively), wheat
gliadin (Tri a 19) and the major olive pollen allergen, Ole e 1
(Table 2). None of the three patients showed an IgE reactivity

to the most common allergenic molecules (e.g. Cup a 1, Der
p 2, Der p 1, Phl p 1, Par j 2) if compared with the IgE
reactivity of the allergic population of the same gender and
in the same age range living in the same geographic area
[12]. Parents were tested totally negative for IgE on the same
allergen microarray.

Gene expression profile analysis

We then compared the gene expression profile in the periph-
eral blood mononuclear cells of the two younger IPEX
patients with their parents. Unsupervised hierarchical cluster
analysis revealed two distinct clustering of IPEX syndrome
and parent samples, indicating that gene expression patterns
clearly differentiate IPEX syndrome patients from their
unaffected parents despite the common genetic background
(data not shown).

In order to identify statistically significant genes whose
differential expression was able to discriminate between
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Fig. 1. T cell receptor (TCR)-Vb repertoire analysis of CD4+ T

lymphocytes. Expansions of TCR-Vb8 and TCR-Vb22 were detected

in the two older brothers affected by immune dysregulation,

polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome, Y1

and Y2, respectively, reflecting the clinical picture of the two

patients. All remaining TCR-Vb were in the normal range. Grey

bar: IPEX patient Y1; white bar: IPEX patient Y2; black bar: IPEX

patient Y3.
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the two groups, a supervised class comparison analysis
was performed. The result, shown graphically in Fig. 2 as
heatmap clusters, identified 67 significant genes expressed
differentially in the IPEX group (P-value < 0·01) (Table 3).
This list of genes was investigated further for pathway analy-
sis with the aim of identifying molecular mechanisms
that might be dysregulated in the IPEX syndrome. The 67
differentially expressed genes were grouped into categories
according to subcellular localization, biological process or
molecular function, as revealed by the gene ontology (GO)
biological process description [23]. Using the functional
annotation clustering tool of DAVID bioinformatics
resources (http://david.abcc.ncifcrf.gov/) [14], 38 distinct
clusters of differentially expressed gene categories having
the best enrichment score (P-value < 0·01) were identified,
including those related mainly to immune function, such as
positive regulation of leucocyte activation and proliferation,
regulation of T cell activation, positive regulation of apop-
tosis and regulation of phosphorylation. Interestingly, the
first and most statistically significant (P-value < 1e-14) cluster
of dysregulated cell transcripts contained 14 genes involved
in positive regulation of immune system process.

Up-regulated genes in IPEX patients included interleukin
(IL)-8, IL-18 CD31 and interferon (IFN)-g-receptor 1, while
FceR-I, signal transducer and activator of transcription-4
(STAT4), CD3d, CD3e and CD3z, CXCR4 and CCL5 were
among the most down-regulated genes.

We then tested our list of differentially expressed genes
for the presence of cancer related genes through a
cancer genes database (http://cbio.mskcc.org/CancerGenes).
Notably, 36 of 67 (53·7%) turned out to be cancer-
related genes, including BCL2, LCK and FYN (data not
shown).

Discussion

In this study we report three brothers affected by IPEX and
having severe allergic reactions to food. Both genomics and
proteomics approaches were used. IPEX is characterized by a
complex combination of allergic, autoimmune and inflam-
matory disorders related to a lack of proper regulation of the

immune response [19,24]. The main genetic feature of IPEX
is represented by inability to synthesize the FOXP3 gene
product, followed by a partial or total defect of the Treg func-
tion [11,24]. Accordingly, we observed the absence of
FOXP3-positive cells (Treg) in the peripheral blood of our
patients. The Treg deficiency may be caused by mutations
localized within or near the forkhead domain, thus interfer-
ing with DNA binding [4,24], or located throughout the
gene, therefore affecting FOXP3 function or mRNA splicing
with markedly reduced FOXP3 messenger RNA (mRNA)
levels [11,18]. All our IPEX patients display the 543 C > T
nucleotide substitution at the junction between intron 4 and
exon 5, possibly affecting FOXP3 mRNA production. This is
a rare polymorphism (rs2232367) reported in the general
population, and it cannot be excluded that its presence might
increase susceptibility to disease development. In the case
of mRNA splicing defect, the presence of multiple severe
food allergies associated with autoimmune enteropathy has
already been reported [11]. Similarly, our patients had severe
allergic reactions to food, as also confirmed by specific IgE
evaluation using a proteomic microarray system. As severe
eczema hinders skin prick testing, and the IgE single-plexing
test approach is not feasible as a screening test [25], the ISAC
system allowed us to test our patients using a large panel of
allergenic molecules, using small amounts of sera [26]. To
our knowledge, this type of testing has never been used
before, as the most recent report on IPEX describes not the
immunological/allergy phenotype, but the clinical pheno-
type, of the selected patients [2,27]. Several other primary
immunodeficiencies (PID) have been reported to be asso-
ciated with IgE dysregulation (e.g. Omenn syndrome,
Wiskott–Aldrich syndrome, Comel–Netherton syndrome,
Job’s syndrome and atypical complete DiGeorge syndrome)
[28]. Total IgE levels are reported currently as proof of a
skewed IgE dysregulation, while scant data are currently
available on the allergen-specific IgE sensitization profile in
patients affected by PID if we consider using allergenic mol-
ecules for such profiling. Unless IgE dysregulation could
lead to a broad IgE recognition of environmental allergens,
none of the most common inhalant allergens were found
positive in the three brothers. Our IPEX patients showed IgE

Table 2. Specific immunoglobulin (Ig)E results obtained by means of a proteomics microarray allergen-based system [immuno solid-phase allergen

chip (ISAC89)]. As well as being tested on 89 different allergenic molecules, immune dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX)

patients were detected positive for IgE towards milk and hen’s egg allergens.

Total IgE* Gal d 2† Gal d 4† Bos d 5 A† Bos d 5 B† Bos d 6† Bos d 8† Bos d 8aS1† Tri a 19† Ole e 1†

Y1 310 <0·01 0·8 <0·01 <0·01 <0·01 <0·01 <0·01 <0·01 <0·01

Y2 360 7·32 <0·01 3·22 2·28 <0·01 0·88 1·07 0·6 <0·01

Y3 40 18·11 <0·01 3·12 <0·01 1·27 <0·01 <0·01 3·03 3·92

*Values are reported as IU/l; †values are reported as kUa/l. Grey background highlights positive results in the three IPEX subjects. All remaining

IgE tested allergens, using ISAC89, gave negative results and are not reported. For the allergen list see reference [12]. Parents were tested negative

for IgE on the same allergen microarray. Gal d 2: hen’s egg ovalbumin; Gal d 4: hen’s egg lysozyme; Bos d 5 A and Bos d 5 B: cow’s milk b-lactoglobulin

variants, Bos d 6: bovine serum albumin; Bos d 8 and Bos d 8aS1: cow’s milk caseins; Tri a 19: wheat gliadin, Ole e 1: genuine olive pollen

allergen.

D. Zennaro et al.

124 © 2011 The Authors
Clinical and Experimental Immunology © 2011 British Society for Immunology, Clinical and Experimental Immunology, 167: 120–128



reactivity, directed mainly to cow’s milk and hen’s eggs aller-
gens, rarely observed in a larger population in the same age
range [12]. Such IgE sensitization could be the cause of skin
[29] and bowel involvement [11], observed frequently in

IPEX and other PIDs. As our patients were in the ‘normal’
allergic range for total IgE, in our opinion it would be more
useful to evaluate not only total IgE levels, but also specific
IgE reactivity in PID, in order to show the presence of an IgE
dysregulation. Whether or not evaluation of specific IgE rec-
ognition might add further insight into each PID dysregula-
tion requires larger co-operative studies. In fact, to translate
our experimental findings into a reliable approach to IPEX
and other PIDs, the same experimental procedure should be
applied to a larger group of patients, evaluated longitudi-
nally, leading to the design of useful diagnostic algorithms.
Nevertheless, the overall clinical picture of patients affected
by IPEX syndrome, including the development of autoim-
mune, allergic and, as described herein, lymphoproliferative
diseases, undoubtedly requires an early disease-modifying
intervention such as transplantation.

The gene expression profile revealed the involvement of
genes related to the positive regulation of the immune
system process, thereby confirming the presence of immune
dysregulation, which is one of the main features of the IPEX
syndrome.

Finally, an association with the development of lympho-
proliferative diseases was observed in our patients. Accord-
ingly, we observed a dysregulation of several cancer-related
genes (Table 3). The development of lymphoma after immu-
nosuppressive drugs such as rapamycin has already been
observed [30], but the possible evolution of IPEX syndrome
to lymphoma has not been reported to date. This is due
probably to the early death of patients affected by the most
aggressive form of IPEX; however, this evolution might pos-
sibly be observed in patients with a mild clinical picture.
FACS analysis, through the evaluation of (i) the TCR-Vb
repertoire and/or (ii) the presence of CD19+ B cells bearing
CD5 (B1 cells), represents a useful approach in order to
verify the possibility of a lymphoproliferative evolution of
the disease.

In conclusion, the proteomics (IgE and FACS analysis)
and genomics evaluation described in this study could
improve the procedures used currently in the diagnosis of
IPEX concurrent diseases, thus helping the staging of IPEX
itself. The same could also be extended to other PIDs, before
and after any therapeutic intervention.
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Fig. 2. Clustered heatmap graphic representation of the 67 significant

genes expressed differentially in the two youngest patients (on the

left) and their parents (on the right). Details on gene-related proteins

are given in Table 3. The green colour indicates down-regulated genes,

red colour over-expressed genes.
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