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Abstract

Although recurrent infections in Rubinstein–Taybi syndrome (RSTS) are common, and probably multifactorial, immunological

abnormalities have not been extensively describedwith only isolated cases or small case series of immune deficiency and dysregulation

having been reported. The objective of this study was to investigate primary immunodeficiency (PID) and immune dysregulation in an

international cohort of patients with RSTS. All published cases of RSTS were identified. The corresponding authors and researchers

involved in the diagnosis of inborn errors of immunity or genetic syndromes were contacted to obtain up-to-date clinical and

immunological information. Ninety-seven RSTS patients were identified. For 45 patients, we retrieved data from the published reports

while for 52 patients, a clinical update was provided. Recurrent or severe infections, autoimmune/autoinflammatory complications, and

lymphoproliferation were observed in 72.1%, 12.3%, and 8.2% of patients. Syndromic immunodeficiency was diagnosed in 46.4% of

individuals. Despite the broad heterogeneity of immunodeficiency disorders, antibody defects were observed in 11.3% of subjects. In

particular, these patients presented hypogammaglobulinemia associated with low B cell counts and reduction of switched memory B

cell numbers. Immunoglobulin replacement therapy, antibiotic prophylaxis, and immunosuppressive treatment were employed in

16.4%, 8.2%, and 9.8% of patients, respectively. Manifestations of immune dysfunctions, affecting mostly B cells, are more common

than previously recognized in patients with RSTS. Full immunological assessment is warranted in these patients, who may require

detailed investigation and specific supportive treatment.
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Abbreviations

ALPS Autoimmune lymphoproliferative syndrome

CID Combined immunodeficiency

CVID Common variable immunodeficiency

ESID European Society for Immunodeficiencies

FMF Familial Mediterranean fever

HSCT Hematopoietic stem cell transplantation

PID Primary immunodeficiency

RSTS Rubinstein–Taybi syndrome

SIgAD Selective IgA deficiency

USI Unclassified syndromic immunodeficiency

Introduction

Rubinstein–Taybi syndrome (RSTS; OMIM #180849,

#613684) is a rare, autosomal dominant developmental disor-

der characterized by craniofacial dysmorphisms, broad

thumbs and toes, intellectual disability, and growth deficiency

(Table Table 1). It affects males and females equally, with a

recognized prevalence of 1:100,000–1:125,000 in live-born

infants. Variants in the genes encoding the cyclic adenosine
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monophosphate response element–binding protein (CREB)-

binding protein (CREBBP), causing RSTS type 1, or in the

E1A-associated protein p300 (EP300), causing RSTS type 2,

have been demonstrated in 55% and 8% of patients, respec-

tively [1]. Both genotypes of RSTS have similar clinical phe-

notypes, although the clinical features are generally milder in

RSTS type 2 [2].

Recurrent infections, including otitis media and pneumo-

nia, have been reported in a relevant fraction of RSTS patients.

Previous studies suggest that susceptibility to infection is es-

timated to affect 75% of patients with RSTS [1]. Although the

burden of recurrent infections seems to decrease when patients

get older, a relevant proportion of adults with RSTS still ex-

perience infections [3] (Table Table 1). It is most likely that

RSTS patients might be exposed to respiratory tract infections

because of microaspiration and gastroesophageal reflux, but

dysfunction of immune response might also contribute to in-

crease their risk of infections.

Despite recurrent and persistent infections being widely

appreciated as central phenomena of immune deficiency dis-

orders, immunological abnormalities have not been extensive-

ly investigated in RSTS and only isolated cases of immuno-

deficiency in RSTS, which meet current case definition

criteria, have been described [4–10]. In the last decade, there

was a growing recognition of the role of immune dysfunctions

in the pathogenesis of infections in RSTS patients, but

published cases and small case series revealed relatively subtle

deficits in immune function [4, 6, 7, 9, 10] and rare, brief

descriptors of more significant defects in humoral effector

components (Figure S1A). More recently, authors involved

in this current study have independently described in detail

four RSTS patients with significant immunological abnormal-

ities including primary immunodeficiency (PID), non-

malignant lymphoproliferation, and autoimmune cytopenias

[11–14].

This study describes the clinical and immunological fea-

tures of a large cohort of 97 RSTS patients in which we dem-

onstrate a wide spectrum of clinical and laboratory immuno-

logical abnormalities. These findings will aid awareness of

immune components in the RSTS phenotype, improve diag-

nosis, clinical decision-making and outcomes in treatment,

and facilitate patient and caregivers’ counseling.

Methods

One author (F.S.) carried out a systematic review of all studies

published as original articles up to October 31, 2019 in

PubMed database. The following search string was used:

“Rubinstein–Taybi syndrome” or “RSTS.” Language includ-

ed was English. The corresponding authors of all relevant

Table 1 The incidence of typical features of RSTS (adapted from Milani [1] and Stevens [3])

Feature in patients with RSTS Incidence (%) Feature in adults with RSTS Incidence (%)

Typical facial features 100 Visual difficulties 79

Intellectual disability ~ 100 Keloids 57

Cryptorchidism 78–100 Difficulty eating 53

Broad thumbs/halluces 96 Spinal curvature 49

Microcephaly 35–94 Joint problems 46

Speech delay 90 Hypohidrosis 38

Recurrent respiratory infections 75 Bladder incontinence 35

Delayed bone age 74 Hearing loss 30

Constipation 40–74 Chronic nail fungus 30

Talon cusps 73 Urinary tract infections 25

Gastroesophageal reflux 68 Sleep apnea 25

EEG abnormalities 57–66 Patellar dislocation 22

Renal anomalies 52 Heart problems 17

Refractive defects, glaucoma, retinopathy > 50 Frequent infections 17

Congenital heart defects 24–38 Anesthesia complications 14

Seizures 25 Neurologic abnormalities due to tethered cord 13

Keloids 24 Hypothyroidism 11

Deafness 24 Malignant tumors 10

Growth retardation 21

Malignant tumors 3–10

Spinal cord tethering < 5
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publications and referring physicians were contacted to obtain

updated clinical information on reported cases.

For each identified case, F.S. extracted the following infor-

mation: sex, age at the time of the last follow-up, type of diag-

nosis (molecular versus clinical), details of CREBBP or EP300

variant, history of infections/autoimmunity/lymphoprolifera-

tion/malignancy, treatment for immunodeficiency, and immu-

nology laboratory results. To be included in this systematic

review, studies had to (1) describe patients with a confirmed

diagnosis of RSTS and (2) provide data on complete blood

count and/or lymphocyte subsets and/or immunoglobulin level

and/or specific antibody (against tetanus toxoid and/or pneumo-

coccal polysaccharide) and/or autoantibodies and/or non-

malignant lymphoproliferation. All laboratory results were an-

alyzed with reference to age-related normal ranges [15, 16].

Infection was arbitrarily defined as “severe” if required

admission and in the presence of a final diagnosis of sepsis,

pneumonia, skin/soft tissue abscesses, meningitis/encephali-

tis, oral abscess, deep abdominal infections, fungemia, or

otomastoiditis [17]. In patients with insufficient titer either to

tetanus or pneumococcus, a poor vaccine response was de-

fined as a less than 4-fold increase in IgG titer at 4 to 6 weeks

after vaccination.

The PubMed search for papers describing the RSTS pro-

duced 719 results. Three hundred and eighty-five papers were

excluded as irrelevant, and, of the 334 papers remaining after

primary screening, 304 did not meet the detailed inclusion

criteria (Figure S1B). The 30 included publications described

45 patients [4–14, 18–36] (one patient was reported in two

different papers and therefore counted once). We contacted

the corresponding authors of all publications included, and

referring physicians provided updates on 4 patients who had

already detailed immunological phenotypes published.

Multinational colleagues involved in the diagnosis and

treatment of patients with PIDs and genetic syndromes were

contacted to identify additional patients. Informed consent

was obtained from patients, parents, or both. Data of 52 addi-

tional unpublished patients were provided by immunologists,

hematologists, pediatricians, nephrologists, and geneticists we

contacted directly.

The study conformed to the Declaration of Helsinki and

was approved by the institutional review boards/ethic commit-

tee of Comitato Etico Brianza (Monza, Italy; PID-GENMET).

Information on demographics, presentation, complications,

laboratory parameters, management, and outcomes were com-

piled retrospectively by using patient/parent interviews and

medical case note reviews. Patients’most recent immunology

results are described; laboratory data obtained from patients

receiving immune suppressive treatment were excluded.

The diagnosis of unclassified syndromic immunodeficien-

cy (USI) was established according to the European Society

for Immunodeficiencies (ESID) working definitions for clini-

cal diagnosis [37].

Patients were classified as having “immunological abnor-

malities” (IA) in case of alteration of white blood cell and/or

lymphocyte counts without other immunological investiga-

tions (i.e., lymphocyte subsets and/or immunoglobulin levels)

available.

Possible associations between the baseline clinical features

and the finding of each one of the abovementioned laboratory

or clinical findings were assessed via Pearson’ chi-square test

or Fisher exact test. Results were deemed significative for p

value < 0.05 with a double-tailed test.

JASP (Version 0.12.2) was used to perform statistical

analyses.

Results

Patients’ Characteristics

Ninety-seven RSTS patients were identified as the final cohort

for analysis (Table 2). The median age at last follow-up of the

included patients was 12 years (range, < 1–55 years). Fifty-

five percent of the patients were male. Forty-nine patients

(50.5%) had a molecular diagnosis, while the remaining cases

were clinically diagnosed (Table 2).

Severe infections requiring hospitalization occurred in

22.1% of patients. Three patients had sepsis caused by

Escherichia coli, Staphylococcus aureus, and Salmonella spe-

cies. Two patients were hospitalized with meningoencephali-

tis (varicella zoster virus was isolated in one patient).

Clostridium difficile and rotavirus enteritis were reported in

two patients. Recurrent urinary tract infections requiring ad-

mission occurred in 10.5% of patients.

Lower (24.4%) and upper (32.6%) respiratory tract infec-

tions were common, often with childhood onset (Table 2).

Bronchiectasis was reported in one patient [11]. Only 28%

of patients did not report recurrent infections. The most com-

mon bacterial pathogens were Streptococcus pneumoniae and

Haemophilus influenzae, with Staphylococcus aureus,

Moraxella catarrhalis, Enterococcus faecalis, Providencia

rettgeri, Pseudomonas aeruginosa, and Klebsiella species al-

so observed.

Autoimmune and Inflammatory Complications

Autoimmune and inflammatory complications were observed

in 12.3% of patients (Table 2). Hematological autoimmunity

occurred in 6.2% of patients. Cytopenias included Coombs-

positive hemolytic anemia (n = 1), immune thrombocytopenia

(n = 3), and autoimmune neutropenia (n = 2). Autoimmune

thyroiditis was diagnosed in two patients.

One patient experienced recurrent Churg–Strauss syn-

drome (CSS) episodes [26]. CSS was diagnosed at the age

of 14 years with pulmonary involvement, maxillary sinusitis,
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pericarditis, eosinophilic peritonitis, high blood eosinophilic

count, and positive antineutrophil cytoplasmic antibodies.

Recurrent fever, abdominal pain, arthritis, increased erythro-

cyte sedimentation rate, and C-reactive protein, along with

positive family history, lead to the diagnosis of familial

Mediterranean fever (FMF) in one 18-year-old male [24].

Heterozygous c.2080A>G variant in theMEFV gene was sub-

sequently demonstrated. A diagnosis of Kimura disease was

made in a 16-year-old male, based on marked peripheral eo-

sinophilia, markedly elevated serum IgE, and histological

findings of hyperplasia of lymphoid follicles, massive eosin-

ophilic infiltration with occasional abscess formation within

the germinal center and parafollicular region [25].

Non-malignant Lymphoproliferation

Chronic lymphadenopathy, splenomegaly, and/or hepatomega-

ly were observed in 8.2% of patients (Table 2). One patient had

a clinical picture that resembled autoimmune lymphoprolifera-

tive syndrome (ALPS; increased CD3+CD4−CD8−TCRαβ

lymphocytes [4.6%/5.7% total lymphocytes/CD3+],

multilineage autoimmune cytopenias, increased B12 vitamin

level) with the expansion of CD21lowCD38lowCD19hi B cells

[12]. Whole exome sequencing did not reveal any pathogenetic

variant except for a de novo EP300 variant. When splenomeg-

aly worsened (up to 17 cm diameter), sirolimus was added

resulting in the decrease of spleen size and the prevention of

cytopenia relapse.

Although data on concomitant viremia in patients with

non-malignant lymphoproliferation were not systematically

collected, none of five patients with non-malignant lympho-

proliferation displayed herpesvirus (i.e., EBV and CMV) in-

fection as detected by PCR. Biopsy materials were not avail-

able in any of these patients.

Malignant Disease

Five (7.8%) patients in this cohort had malignancies (Table 2)

[18, 19, 30, 36]. These included one case of primary central

nervous system diffuse large B cell lymphoma in a 36-year-old.

The tumor was surgically removed, and the patient received

chemotherapy with rituximab, cyclophosphamide, doxorubi-

cin, vincristine, and steroids. One adult had a neuroendocrine

tumor that was surgically removed. Acute lymphoblastic leu-

kemia occurred in two patients, but information regarding che-

motherapy was not specified in either case. One patient present-

ed with hepatoblastoma at the age of 10 months.

Immunology Laboratory Results

IgG, IgA, or IgM levels were reduced in 12.7%, 19.6%, and

18.2% of patients, respectively (Figs. 1 and 2; Table S1).

Table 2 Clinical characteristics

of the included patients Frequency (%), n/total studied

Sex

Male

93.8% (91/97)

54.9% (50/91)

Age at the last follow-up

Median

Range

97.9% (95/97)

12

< 1–55

Diagnosis

Clinical

Molecular

CREBBP

EP300

100% (97/97)

49.5% (48/97)

50.5% (49/97)

45.4% (44/97)

5.2% (5/97)

Infections, yes

Upper respiratory tract infections

Lower respiratory tract infections

Sepsis

Meningitis

Other severe infections

72.1% (62/86)

32.6% (28/86)

24.4% (21/86)

3.5% (3/86)

2.3% (2/86)

22.1% (19/86)

Autoimmune/autoinflammatory manifestations

Autoimmune cytopenia

12.3% (8/65)

6.2% (4/65)

Gastrointestinal disease* 8.3% (5/60)

Non-malignant lymphoproliferation 8.2% (5/61)

Malignant tumors 7.8% (5/64)

*Other than constipation or gastroesophageal reflux
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Reduced antibody response to challenge with tetanus toxoid

or pneumococcal polysaccharide was seen in 28.6% and

71.4% of patients, respectively. High IgM levels were com-

mon (30.9%). In the patient described by Saettini [12],

hypogammaglobulinemia (with low levels of IgG, IgM, and

IgA), was associated with increase of IgM (up to 1400 mg/dl)

during the episodes of infection, which persisted for 9 months

before reverting to normal, or even low levels. However, in

the whole cohort, hypogammaglobulinemia (either low IgG,

IgA, or IgM) was not associated with increased number of

infections (p = 1; p = 0.1; p = 0.15, respectively; data not

shown).

Lymphopenia was observed in 8.3% of patients, while

lymphocyte counts were normal in about half of the patients

(Fig. 1; Table S2). A consistent proportion of patients showed

reduction of CD3+ (22.7%), CD4+ (13.0%), CD8+ (30.4%) T

cell, and NK cell (16.7%) counts. Reduced naïve CD4+ T cell

counts and inverted CD4+/CD8+ ratio were observed in

40.0% and 8.7% of patients, respectively.

B cell phenotyping showed the decrease of total B cell

numbers in 22.7% of patients and the reduction of switch

memory B cells in 5 out of 13 patients studied (38.5%). B cell

lymphopenia was significantly more common in the patients

with decreased levels of IgG or IgM (p = 0.03 and p = 0.001,

respectively; data not shown).

Treatment

Eight percent of the cohort currently received antibiotic pro-

phylaxis (cotrimoxazole, n = 4, azithromycin, n = 1; Table 3).

Five percent of patients were receiving antiviral or antifungal

prophylaxis. Ten (16.4%) patients were currently receiving

immunoglobulin replacement therapy, with reported benefit

(reduction of infections). One patient with normal

immunoglobulin levels temporarily received immunoglobulin

replacement for recurrent infections despite prompt antibiotic

treatment. Ten percent of patients received, or are currently

receiving, treatment for lymphoproliferative, autoimmune, or

autoinflammatory disease, including steroids, sirolimus, my-

cophenolate, or colchicine. Specifically, autoimmune cytope-

nias were variously treated with high doses of intravenous

immunoglobulins, steroids, and sirolimus. CSS was treated

with corticosteroids, cyclophosphamide, intravenous immu-

noglobulins, and methotrexate. Colchicine was successfully

utilized for treatment of one RSTS patient who also carried

an additionalMEFV variant. Steroids and oral all-transretinoic

acid were administered in one patient with Kimura disease.

One patient underwent hematopoietic stem cell transplan-

tation (HSCT) at the age of 6 months because of clinical and

laboratory features resembling Omenn’s syndrome

(erythroderma, lymphoproliferation, hypereosinophilia, hy-

per-IgE, reduced T cell proliferation). Maternal engraftment

was excluded by molecular studies. Genetic analyses for

RSTS and for other disorders associated with lymphopenia

(gene list in the Online Repository) were negative. The patient

is currently in good clinical condition 15 years after the trans-

plantation procedure.

Genotype–Phenotype Correlation

In the group of patients with molecular diagnosis, we identi-

fied 44 patients with heterozygous point variants of CREBBP

spanning the whole gene (Fig. 3A), including 12 non-sense

and 11 frameshift variants, 12 in-frame del or indels, 7 mis-

sense variants, and one intronic variant predicted to exert a

splicing effect. One patient presented with reciprocal translo-

cation.We also identified 5 patients with EP300 variants (Fig.

3B): three missense, one indel, and one frameshift variant.

Sm = switched memory

Fig. 1 Summary of

immunological characteristics of

the RSTS cohort
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Clinical diagnosis of USI was reached in 17 patients (34.7%)

(Figure S2B). IA was detected in 22 patients (44.9%). Ten

patients showed no immune alterations. However, we were

unable to draw a correlation between the genotype (i.e., type

of protein changes or affected domain) and the immunological

features of the patients.

Of note, three patients with defined RSTS (either by clini-

cal or molecular diagnosis) carried additional variants in

known genes related to inborn error of immunity. Two pa-

tients carried the common BAFF-R monoallelic polymor-

phism (c.62C>G; p.Pro21Arg) [11, 13] that has been previ-

ously associated to CVID [38]. One clinically diagnosed

RSTS patient received a diagnosis of FMF after a monoallelic

variant (c.2080A>G; p.Met694Val) in the MEFV gene was

detected [24].

Discussion

We present the first comprehensive overview of immunolog-

ical defects in a large cohort of patients with RSTS.

Immunological features of RSTS patients are broadly hetero-

geneous, ranging from asymptomatic patients to subjects with

antibody deficiency resembling CVID to profound combined

immunodeficiencies necessitating HSCT in childhood.

Syndromic immunodeficiencies are genetic syndromes

with abnormalities in other organ systems in addition to the

immune defects, which may not be the primary clinical prob-

lem. In these conditions, the immunological abnormalities

may be found in only a fraction of patients. While some

syndromic immunodeficiency are already classified as inborn

error of immunity (e.g., ataxia–telangiectasia syndrome,

ADA1 deficiency), a growing number of immune defects

have been described in genetic syndromes with growth defi-

ciency, gastrointestinal dysfunction, cutaneous abnormalities,

neurologic dysfunction, inborn errors of metabolism, chromo-

some instability and/or defective DNA repair, and chromo-

somal abnormalities [39].

Increased susceptibility to respiratory tract infections has

been described as a common feature of RSTS. The incidence

of infections in our cohort is similar to that reported elsewhere

in the literature [1, 3]. Our study demonstrates that clinically

Fig. 2 Age-related changes in immunoglobulin counts in patients with

RSTS. Ig count 5th to 95th percentile normal ranges are comprised in the

checked area. One patient described with low immunoglobulin levels [8]

was not included in this figure

Table 3 Summary of treatment characteristics of the RSTS cohort

Frequency, n/total studied (%)

Ig replacement therapy 10/61 (16.4%)

Antibiotic prophylaxis 5/61 (8.2%)

Antiviral prophylaxis 1/61 (1.6%)

Antifungal prophylaxis 2/61 (3.3%)

Immunosuppressive treatment 6/61 (9.8%)

Hematopoietic stem cell transplantation 1/61 (1.6%)
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significant hypogammaglobulinemia is the most frequent im-

mune manifestation of RSTS. Decreased immunoglobulin

levels were found in one-fifth of the cohort and are commonly

associated with decreased total B cells, reduction in class-

switched memory B cells, and impaired serological response

to tetanus or pneumococcus. Indeed, bacterial isolates identified

in RSTS patients were those typical of subjects with antibody

deficiency. These results suggest that some of the patients with

RSTS might present with manifestations and immunological

abnormalities which are reminiscent of CVID and ALPS [40,

41].We suggest that future research studies should prospective-

ly collect data on the lymphocyte immunophenotype in RSTS

patients to determine whether specific T (double negative) or B

cell (CD21lowCD38lowCD19hi) population may have a role in

the pathogenesis of complications such as non-malignant lym-

phoproliferation. Moreover, in three subjects with RSTS,

hypogammaglobulinemia was observed at adult age, possibly

reflecting a progressive humoral deficit, whichwas verymild or

undetectable during their infancy. Because many studies are

focused on infancy, they might miss the appearance of immu-

nological defects in older subjects and underestimate the risk of

serious infections in these patients.

Despite these similarities with PID characterized by

hypogammaglobulinemia, we noted bronchiectasis only in

one RSTS patient. But, pulmonary functions and chest imag-

ing were not routinely performed in these patients, suggesting

Fig. 3 Schematic representation (not in scale) of the CBP (A) and p300

(B) proteins with the mutation at protein level and the protein domains

indicated above and below the figures, respectively. In order (from N-

terminus to C-terminus), the depicted domains are as follows: SRCAPi =

interaction with SRCAP, zf-TAZ = TAZ zinc finger, KIX = CREB

interaction, Bromo = bromodomain, Hi = interaction with histones,

Ring = ring domain, PHD = plant homeodomain, KAT = lysine

acetyltransferase, COaBS = CoA-binding site, ZZ_CBP = zinc finger,

ZnF_TAZ = TAZ zinc finger, CREBB = Creb_binding. The protein

domains are indicated accordingly to NCBI reference sequence: NP_

004371.2 (CBP) and NP_001420.2 (p300). In the bottom, whole gene

deletion (wgd) and partial gene deletions are represented with bars.

Recurrent mutations are reported for whole CREBBP gene deletions

(four cases), partial CREBBP gene deletion involving exons 14–31 (two

patients), the CREBBP point mutation leading to p.(E1551Hfs*51) (two

patients), and the EP300 gene mutation corresponding to p.(M1558T)

(two patients). Reciprocal translocation t(2;16)(q36.3;p13.3) and

splicing mutation c.4395-5C>G are not depicted
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that prospective studies will be needed to define the evolution

and lung sequelae of recurrent infections in RSTS patients. In

addition, other inherited defects of immune system could be

suspected in RSTS patients. In about one-third of patients,

IgM were above normal levels, similarly to what observed in

class-switch recombination defects such as Hyper IgM syn-

drome. Although reduction of total T cells, of T cell subpop-

ulations, or of NK cells was frequent among RSTS, we did not

observe signs of combined immune defects such as viral or

other opportunistic infections. On the contrary, a large fraction

of RSTS patients presented an increased fraction of lympho-

cytes, which would be suggestive of polyclonal lymphopro-

liferation secondary to infections or to cellular dysregulation.

Overall, this study suggests that about half of the patients

with RSTS presented clinical manifestations which are compat-

ible with a diagnosis of USI. Similarities with CVID, SIgAD,

andCIDwere found in 7%, 4%, and 2% of patients, respectively

(Electronic Supplementary Material; Figure S2). Moreover,

one-third of the cohort showed immunological abnormalities

which could not be further defined on the basis of available data.

We also report that patients with RSTS have a high incidence

(12.3%) of autoimmune/autoinflammatory manifestations. Of

note, these conditions have not previously been associated with

RSTS as common complications. Dual molecular diagnoses or

multilocus genomic variations have recently been described in

up to 5% of patients undergoing whole exome sequencing [42].

This figure rises to 10% in patients screened for PIDs [43].

Three patients (3.1%) presenting RSTS together with autoim-

mune diseases carried genetic variants affecting other genes that

contributed to complex phenotypes. These patients, diagnosed

with FMF or carrying a BAFF-R variant, showed clinical benefit

from immunosuppression or high dose immunoglobulin. In this

context, we believe that the increasingly accessible and afford-

able use of whole exome sequencing will improve the potential

for disease-aware physicians to make dual molecular diagnoses

and to design more patient-specific, personalized treatment reg-

imens [42, 43].

CREBBP gene and EP300 are involved in a number of

basic cellular activities, such as DNA repair, growth, differen-

tiation, apoptosis of cells, and tumor suppression by serving as

transcriptional co-activators in different signaling pathways.

The incidence of malignancies in our cohort is similar to that

reported in the literature [1]. Cancer types in our cohort in-

cluded hepatoblastoma, acute lymphoblastic leukemia, and

neuroendocrine tumor which are not typically associated with

PID [44].We have been unable to detect a correlation between

the immunological features and the genetic variants or specific

changes of protein structure, probably because of the small

size of the sub-cohort of patients with molecular RSTS diag-

nosis. Hence, it is not possible to predict whether specific

variants are directly or mechanistically associated with devel-

opment of immune defects.

On the basis of this study, physicians who evaluate patients

with RSTS should be aware that immunodeficiency and

autoimmune/autoinflammatory symptoms can be frequently ob-

served in these patients. Evaluation of serum immunoglobulin

levels might be a simple and inexpensive marker to screen for

immunological defects. Recurrent infections are common in

RSTS [1] and probably recognize a multifactorial substrate. In

this context, the number of infections might not be sufficient

(e.g., does not correlate) per se to determine the risk of

hypogammaglobulinemia. We recommend the determination

of serum immunoglobulins and lymphocyte subpopulations in

every patient with RSTS. This approach would be important for

the recognition of patients at risk before the appearance of life-

threatening infections. We also recommend to test antibody ti-

ters to vaccine for the identification of patients with poor re-

sponse to immunization who might benefit of further

investigation.

This study has provided information on the frequency of

immunological defects and their management in a large cohort

of patients with RSTS. In these subjects, immunoglobulin re-

placement therapy is employed when antibody deficiency is

detected in order to obtain a reduction in the number, frequency,

and severity of bacterial infections. We have also reported that,

despite opportunistic or persistent viral infections were not de-

tected in RSTS patients, 4.9% of them are continuously treated

with antiviral and/or antifungal drugs for infection prophylaxis.

Although these patients may present a quantitative defect of T or

NK subsets, the results of our study do no support this recom-

mendation until further and broader investigations (e.g., viral

PCR in patients with non-malignant lymphoproliferation, lym-

phocyte subsets, and lymphocyte proliferative response to spe-

cific antigens and mitogens) will be collected. Prospective stud-

ies are needed to clarify whether prophylaxis regimens are nec-

essary and clinically justifiable in this setting.

This study has a number of limitations. Almost half

of the patients were retrieved through the literature and

some relevant data are missing. We were not able to

systematically determine the age when the infections

have been recognized. Even though most of the includ-

ed publications involve young patients, it is possible

that recurrent or severe infections, immune dysregula-

tion, and autoimmune complications may become more

evident in older subjects. Considering that the immuno-

logical phenotype may become manifest in adulthood,

some of the patients reported in the literature could

have developed immunological abnormalities later in

life. Therefore, the exact prevalence of immunodeficien-

cy in RSTS might be underestimated. Conversely, most

of the data of patients for whom we have updates were

collected through immunologists and thus we may over-

estimate the prevalence of such manifestations due to

the selection bias.
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Conclusions

RSTS can commonly associate with a clinical and immuno-

logical phenotype of PID and/or immune dysregulation, with

a high burden of infectious and autoimmune complications.

Full immunological workup is warranted in these patients,

who may require detailed investigation and specific support-

ive treatment.
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