
Letter to the Editor
Broad spectrum of autoantibodies in patients
with Wiskott-Aldrich syndrome and X-linked
thrombocytopenia

To the Editor:
Wiskott-Aldrich syndrome (WAS) and X-linked thrombocyto-

penia (XLT) are allelic diseases caused by mutations of the WAS
gene.1 Autoimmune manifestations (especially cytopenias, in-
flammatory bowel disease, vasculitis, arthritis, and IgA nephrop-
athy) affect between 24% and 72% of patients with WAS in
various series, with important implications on quality of life
and survival.2 Although patients with XLT do not have autoim-
mune manifestations at diagnosis, some of them can have autoim-
munity over time.3

To investigate in greater detail and compare the degree of
immune dysregulation in 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 I.

Plasma samples from patients with WAS/XLT were diluted
1:100 in PBS and 100 mL of the dilution was incubated in
duplicate with an autoantigen proteomic array (University of
Texas Southwestern Medical Center, Genomic and Microarray
Core Facility),4 which includes 67 and 77 self-antigens, respec-
tively, to analyze the frequency, antigen specificity, and isotype
composition of autoantibodies. Plasma from 6 healthy control
subjects and 5 patients with systemic lupus erythematous served
as negative and positive controls, respectively. The arrays were
then incubated with Cy3-labeled anti-human IgG and Cy5-
labeled anti-human IgA antibodies, respectively, to define the
IgG or IgA isotype specificity of the autoantibodies. Tiff images
were generated by using the GenePix 4000B scanner (Molecular
Devices, Sunnyvale, Calif) with laser wavelengths of 532 nm
(for Cy3) and 635 nm (for Cy5) and analyzed with GenePix
Pro 6.0 software. Net fluorescence intensity (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 con-
trols (IgG or IgA) were averaged, and the positive controls in
each sample were divided by the averaged positive control,
generating a normalization factor for each sample. Each signal
was than multiplied by the normalization factor for each block
(sample). For each antigen, values from healthy donor samples
(n >_3) were averaged. For each sample, ratios were then calcu-
lated between the value in the sample and the average of values
in healthy donors plus 2 SDs, thus defining relative autoanti-
body reactivity (RAR) of the sample. RAR values of greater
than 1 were considered positive. A heat map of the ratio values
was generated by using MultiExperiment Viewer software
(DFCI, Boston, Mass). Significant differences in autoantibody
signal between groups were assessed by using Significance
Analysis of Microarrays (Stanford University Laboratories,
Stanford, Calif) with a false discovery rate of less than 1%.

As shown in Fig 1,A andB, the presence of at least 1 positive IgG
and IgA autoantibody was documented in the vast majority of pa-
tientswithWASand thosewithXLT.Autoantibody levels thatwere
significantly increased in patients with WAS and those with XLT
comparedwith those in healthy donors are shown in Fig 1,C andD.
Samples were considered multireactive if they contained
autoantibodies to at least 20% of the self-antigens represented
on the array. Multireactivity of IgG autoantibodies was observed
in 16 (59.2%) of 27 patients, specifically in 11 of 17 samples from
patients with WAS and 5 of 10 samples from patients with XLT
(see Fig E1 in this article’s Online Repository at www.jacionline.
org).

Multireactivity of IgA autoantibodies was observed in 12
(46.1%) of 26 patients, in particular 7 of 16 samples from patients
with WAS and 5 of 10 samples from patients with XLT (see Fig
E1). Patients with autoantibody multireactivity had significantly
higher serum IgA levels compared with patients with reactivity
to less than 20% of the self-antigens tested, and a similar trend
was observed for serum IgG levels (see Fig E2 in this article’s On-
line Repository at www.jacionline.org). Self-antigens to which
autoantibodies were demonstrated in more than 20% of patients
with WAS/XLT were defined as ‘‘common autoantigens.’’ The
25 most common IgG and IgA autoantibodies are reported in
Fig E3 in this article’s Online Repository at www.jacionline.
org. Of note, 9 (36%) of the 25 top most common autoantigens
were the target of both IgG and IgA autoantibodies (mitochon-
drial antigen, fibrinogen IV, entactin, M2 antigen, myosin, elastin,
LC1, SRP54, sn-RNP-68, and Scl-70). By using RAR for semi-
quantitative analysis of signal intensity, IgG autoantibodies to 2
common antigens (fibrinogen IV and mitochondrial antigen)
were present at higher levels in patients with WAS and those
with XLT versus healthy control subjects (see Fig E3).

Multiple immunologic abnormalities have been identified that
might account for immune dysregulation in patients with WAS,5

including impaired function of regulatory T and regulatory
B cells, defective apoptosis, abnormalities of the distribution
and diversity of T and B lymphocytes, and defective function of
T and natural killer cells, resulting in impaired clearance of path-
ogens and persistent inflammation. Moreover, Wiskott-Aldrich
syndrome protein (WASP)–deficient plasmacytoid dendritic cells
are hyperresponsive to Toll-like receptor 9 stimulation and pro-
duce high amounts of type 1 interferon, which might 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 dis-
ease.7-9 These include (1) hyperresponsiveness of WASP-
deficient B cells to stimulation through the B-cell receptor and
Toll-like receptors; (2) accumulation of B lymphocytes with a
characteristic phenotype (CD21lowCD38low), which is indicative
of a type 1 interferon signature and a marker of self-reactivity;
(3) preferential use of immunoglobulin variable genes that are en-
riched in patients with autoimmune disease and decreased so-
matic hypermutation; (4) increased release of immature B cells
from the bone marrow to the periphery; (5) increased levels of
B cell–activating factor of the TNF family serum; and (6)
decreased regulatory B-cell function. In our series increased
levels of B cell–activating factor of the TNF family serum were
found not only in patients with WAS but also in those with XLT
(Table I).

To our knowledge, our study represents the first attempt at
extensively analyzing the frequency and diversity of autoanti-
bodies in patients with WAS versus those with XLT. Our data
indicate that biological signs of immune dysregulation are a
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TABLE I. Molecular, immunologic, and clinical characteristics of patients

Patient ID Age Mutation

IgG (mg/dL

[reference

range])

IgA (mg/dL

[reference

range])

IgM (mg/dL

[reference

range])

IgE (kU/L

[reference

range])

BAFF (pg/mL

[reference

range]) Autoimmunity

Autoantibodies

(clinical testing)

XLT 18 19 y p. L39P 664 (639-1,344) 241 (70-312) 14 (34-210) >5,000 (0-200) 2,400 (469-1,104) —*� —

XLT 19 22 y p. L39P 954 (639-1,344) 221 (70-312) 15 (34-210) 374 (0-200) 3,300 (469-1,104) —* ASMA

XLT 22 19 y p. P58 R 741 (639-1,344) 128 (70-312) 66 (34-210) 109 (0-200) NA — —

XLT 23 16 y p. P58 R 1,220 (639-1,344) 144 (70-312) 149 (34-210) 171 (0-200) 2,250 (469-1,104) — —

XLT 33 8 y p.T45 K 914 (639-1,344) 266 (70-312) 34 (34-210) 31 (0-200) 1,550 (469-1,104) —* ANA, ANCA,

ASMA

XLT 37 15 y p. D77 G 1,000 (639-1,344) 605 (70-312) 20 (34-210) 374 (0-200) 1,200 (469-1,104) — ANA

XLT 38 11 y p. D77 G 950 (639-1,344) 211 (70-312) 20 (34-210) 83 (0-500) 2,100 (469-1,104) — ANA

XLT 40 17 y p. I481 N 1,360 (639-1,344) 396 (70-312) 43 (34-210) 13 (0-200) NA — —

XLT 51 5 y p. V75 M 950 (600-1,500) 110 (50-150) 40 (22-100) 27 (0-200) 450 (469-1,104) — —

XLT 52 19 mo p.V51 L 680 (400-1,300) 65 (20-230) 57 (30-120) 73 (0-30) 2,550 (469-1,104) — —

WAS 3 4 mo p. F74S NA NA NA NA 9,900 (469-1,104) NA ND

WAS 9 2 y p. W64 R 1,090 (400-1,300) 210 (20-230) 119 (30-120) NA 2,700 (469-1,104) — ANA

WAS 17 5 y c.77711g > c 491 (600-1,500) 431 (50-150) 44 (22-100) 383 (0-200) NA — —

WAS 21 1 mo p.Q255Pfs*5 617 (700-1,300) 38 (6-50) 20 (15-70) 69 (0-30) 750 (469-1,104) — —

WAS 25 5 y p. P362Qfs*132 533 (600-1,500) 44 (50-150) 70 (22-100) 170 (0-200) NA — Plt, TPO

WAS 27 3 y p. W64 R 1,750 (600-1,500) 594 (50-150) 28 (30-120) 770 (0-200) NA AIHA, IBD Coombs

WAS 28 5 y p. W64 R 246 (600-1,500) 17 (50-150) 27 (22-100) NA NA AIHA, IBD,

vasculitis

Coombs

WAS 30 3 y p. V106Cfs*15 246 (600-1,500) 17 (50-150) 27 (30-120) NA 6300 (469-1,104) Vasculitis PL, Plt

WAS 33 9 y p. E67Efs*4 968 (639-1,344) 526 (70-312) 20 (34-210) 35 (0-200) NA IBD —

WAS 35 20 mo p. D495Mfs*98 483 (400-1,300) 45 (20-230) 5 (30-120) NA NA — Coombs, ANCA

WAS 37 8 mo p. P110Lfs*13 924 (300-1,500) 71 (16-100) 33 (25-115) 128 (0-30) 2,200 (469-1,104) — ND

WAS 38 1 y p. G424Afs*20 749 (300-1,500) 225 (16-100) 28 (25-115) NA 5,100 (469-1,104) NA ND

WAS 40 10 mo p. R86H NA NA NA NA 2,600 (469-1,104) — ANA, Coombs,

Plt

WAS 42 11 mo p.P373Hfs*72 898 (300-1,500) 82 (16-100) 59 (25-115) 370 (0-30) 1,200 (469-1,104) — —

WAS 43 2 y p. V473Gfs*14 1,784 (400-1,300) 233 (20-230) 111 (30-120) NA 10,000 (469-1,104) — ND

WAS 49 2 y c.55915g>a NA NA NA NA 2,400 (469-1,104) — TPO

WAS 50 3 y c.55915g>a NA NA NA NA 2,000 (469-1,104) — TPO

WAS 60 48 y c.55915g>a 1,068 (639-1,344) 881 (70-312) 15 (34-210) 440 (0-200) NA — PL

Values in boldface are outside of age-matched reference values (shown in parentheses).

AIHA, Autoimmune hemolytic anemia; ANA, anti-nuclear antibodies; ANCA, anti-neutrophil cytosplasmic antibodies; ASMA, anti–smooth muscle antibodies; BAFF, B cell–

activating factor of the TNF family; IBD, inflammatory bowel disease; NA, not available; ND, not done; PL, anti-phospholipid antibodies; Plt, anti-platelet antibodies; TPO, anti-

thyroid peroxidase antibodies.

*This patient had vasculitis later in life.

�This patient had arthritis later in life.
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characteristic feature of patients with loss-of-function mutations
of theWAS gene, irrespective of the severity of the clinical pheno-
type. This biological signature of immune dysregulationmight set
the stage for progressive development of clinical manifestations
of autoimmunity also in patients with XLT. Consistent with
this, 3 of the patients with XLT included in this study (XLT 18,
XLT 19, and XLT 33) had cutaneous vasculitis later in the course
of their disease, and 1 of them (XLT 18) also had arthritis, a
pattern that has been reported in several other patients with
bona fide XLT.9 These data strongly suggest that XLT should
not be considered a distinct disease entity but rather 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 develop-
ment of clinical manifestations of autoimmunity in patients with
XLT/WAS.
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FIG 1. A and B, Heat map of IgG (Fig 1, A) and IgA (Fig 1, B) autoantibodies in patients with XLT and those

withWAS. For each self-antigen, a colorimetric representation of RAR in each sample is shown according to

the scale depicted at the top. C and D, Autoantibodies with significantly increased reactivity in patients with

WAS and those with XLT, respectively, compared with those in healthy donors (HD).
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FIG E1. Percentage of self-antigens for which there were positive IgG (A) and IgA (B) autoantibody levels.

Five hundred eighty autoantibodies were demonstrated in patients with WAS and those with XLT.
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FIG E2. IgG (A) and IgA (B) serum levels in multireactive and paucireactive patients with WAS/XLT.
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FIG E3. A and B, Frequency of positivity for the 25 most common autoantibodies. C, RAR values for 2 IgG

autoantibodies (to fibrinogen IV and mitochondrial antigen) with significantly increased levels in patients

with XLT and those with WAS compared with levels in healthy control subjects (HD).
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