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Using a protein microarray, a broad spectrum of autoantibodies were demonstrated in patients 

with either Wiskott-Aldrich syndrome (WAS) or with X-linked thrombocytopenia (XLT), 

indicating that immune dysregulation is an integral component of both diseases.
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To the Editor

Wiskott Aldrich syndrome (WAS) and X-linked thrombocytopenia (XLT) are allelic 

diseases, due to mutations of the WAS gene [1]. Autoimmune manifestations (especially 

cytopenias, inflammatory bowel disease, vasculitis, arthritis, and IgA nephropathy) affect 

between 24% and 72% of WAS patients in various series, with important implications on 

quality of life and survival [2]. Although patients with XLT do not suffer from autoimmune 

manifestations at diagnosis, some of them may develop autoimmunity over time [3].

In order to investigate in greater detail and compare the degree of immune dysregulation of 

WAS and XLT, we have studied 17 patients with WAS and 10 patients with XLT. The 

clinical and laboratory features of the patients are reported in Table 1.

To analyze the frequency, antigen specificity, and isotype composition of autoantibodies, 

plasma samples from WAS/XLT patients were diluted 1:100 in PBS, and 100μl of the 

dilution were incubated in duplicate with an autoantigen proteomic array (University of 

Texas Southwestern Medical Center, Genomic and Microarray Core Facility) [4], that 

includes 67 and 77 self-antigens, respectively. Plasma from six healthy control subjects and 

from five patients with Systemic Lupus Erythematous (SLE) served as negative and positive 

controls, respectively. To define the IgG or IgA isotype specificity of the autoantibodies, the 

arrays were then incubated with Cy3-labelled anti-human IgG and Cy5-labelled anti-human 

IgA antibodies, respectively. Tiff images were generated using Genepix 4000B scanner with 

laser wavelengths 532 (for Cy3) and 635 (for Cy5) and analyzed using Genepix Pro 6.0 

software. Net fluorescence intensities (defined as the spot minus background fluorescence 

intensity) data obtained from duplicate spots were averaged. Data were normalized as 

follows: across all samples, the immunoglobulin positive controls (IgG or IgA) were 

averaged and the positive controls in each sample were divided by the averaged positive 

control generating a Normalization Factor (NF) for each sample. Each signal was than 

multiplied by the NF for each block (sample). For each antigen, values from healthy donor 

samples (at least 3) were averaged, and ratios were calculated between each sample and the 

average of healthy donors plus 2 standard deviations (s. d.) (Relative Autoantibody 

Reactivity, RAR). Values of RAR >1 were considered positive. A heat map of the ratio 

values was generated using Multi experiment viewer software (MeV, DFCI Boston, MA). 

Significant differences in autoantibody signal between groups were assessed using the 

significance analysis of microarray (SAM, Stanford University Lab) with a false discovery 

rate (FDR) <1%.
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As shown in Fig. 1A and 1B, the presence of at least one positive IgG and IgA autoantibody 

was documented in the vast majority of WAS and XLT patients. Autoantibodies that were 

significantly increased in WAS and XLT individuals as compared to healthy donors are 

shown in Figure 1C and 1D.

Samples were considered multi-reactive if they contained autoantibodies to at least 20% of 

the self-antigens represented on the array. Multi-reactivity of IgG autoantibodies was 

observed in 16/27 patients (59.2%), specifically in 11 out of 17 samples from WAS, and in 5 

out of 10 samples from XLT patients (Figure E1 in the Online Repository). Multireactivity 

of IgA autoantibodies was observed in 12/26 patients (46.1%), in particular 7/16 WAS 

samples and 5/10 XLT samples (Figure E1 in the Online Repository). Patients with 

autoantibody multireactivity had significantly higher levels of serum IgA as compared to 

patients that showed reactivity to less than 20% of the self-antigens tested, and a similar 

trend was observed for serum IgG levels (see: Figure E2 in the Online Repository). Self-

antigens to which autoantibodies were demonstrated in more than 20% of WAS/XLT 

patients were defined as “common autoantigens”. The 25 most common IgG and IgA 

autoantibodies are reported in Figure E3 in the Online Repository. Of note, 9 of the 25 top 

most common autoantigens (36%) were the target of both IgG and IgA autoantibodies 

(mitochondrial antigen, fibrinogen IV, entaktin, M2 antigen, myosin, elastin, LC1, SRP54, 

sn-RNP-68, and Scl-70). Using relative autoantibody reactivity (RAR) for semiquantitative 

analysis of signal intensity, IgG autoantibodies to two common antigens (fibrinogen IV, 

mitochondrial antigen) were present at higher levels in WAS and XLT patients vs. healthy 

controls (Figure E3 in the Online Repository).

Multiple immunological abnormalities have been identified that may account for immune 

dysregulation in WAS [5], including impaired function of regulatory T (Treg) and regulatory 

B (Breg) cells, defective apoptosis, abnormalities of the distribution and diversity of T and B 

lymphocytes, and defective function of T and NK cells, resulting in impaired clearance of 

pathogens and persistent inflammation. Moreover, WASP-deficient plasmacytoid dendritic 

cells are hyper-responsive to TLR9 stimulation, and produce high amounts of type 1 

interferon, which may also contribute to autoimmunity [6]. More recently, we and others 

have identified B cell autonomous effects of WASp deficiency that are likely to play a 

critical role in the autoimmunity of the disease [7–9]. These include: a) hyper-

responsiveness of WASp-deficient B cells to stimulation via the B cell receptor (BCR) and 

Toll-like receptors (TLRs); b) accumulation of B lymphocytes with a characteristic 

phenotype (CD21low CD38low), indicative of type 1 interferon signature, and a marker of 

self-reactivity; c) preferential usage of immunoglobulin variable genes that are enriched in 

patients with autoimmune disease, and decreased somatic hypermutation; d) increased 

release of immature B cells from the bone marrow to the periphery; e) elevated BAFF serum 

levels; f) decreased function of regulatory B cells. In our series, elevated BAFF serum levels 

were found not only in patients with WAS, but also in those with XLT (Table 1).

To our knowledge, our study represents the first attempt at extensively analyzing the 

frequency and diversity of autoantibodies in patients with WAS vs. XLT. Our data indicate 

that biological signs of immune dysregulation are a characteristic feature of patients with 

loss-of-function mutations of the WAS gene, irrespective of the severity of the clinical 
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phenotype. This biological signature of immune dysregulation may set the stage for 

progressive development of clinical manifestations of autoimmunity also in patients with 

XLT. Consistent with this, three of the XLT patients included in this study (XLT18, XLT19, 

XLT33) developed cutaneous vasculitis subsequently in the course of their disease, and one 

of them (XLT18) also suffered from arthritis, a pattern that has been reported in several 

other bona fide XLT patients [9]. These data strongly suggest that XLT should not be 

considered as a distinct disease entity, but rather as part of the clinical spectrum of WAS. 

Prospective longitudinal studies are needed to assess whether differences in the amount, 

diversity and avidity of autoantibodies produced are predictive of development of clinical 

manifestations of autoimmunity in patients with XLT/WAS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Heat-map of IgG (panel A) and IgA (panel B) autoantibodies in XLT and WAS patients. For 

each self-antigen, a colorimetric representation of relative autoantibody reactivity in each 

sample is shown according to the scale depicted on top. Panel C and D show autoantibodies 

with significantly increased reactivity in patients with WAS and XLT, respectively, as 

compared to healthy donors (HD).
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