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Abstract Autoimmune disease (AD) is common in patients
with Wiskott-Aldrich syndrome (WAS) and patients with
WASwho has an AD usually constitute a high-risk group with
poor outcome. However, knowledge of AD inWAS is limited
in China. In this study, medical records of 53 patients with
WAS at Children´s Hospital of Chongqing Medical Univer-
sity from April 2004 to January 2014 were evaluated ret-
rospectively and 14 patients (26%) had at least one AD.
Autoimmune hemolytic anemia (AIHA) was the most com-
mon and detected in 12 patients (23%), other complications
included immune thrombocytopenia (n = 1), immune neutro-
penia (n = 1), autoimmune arthritis (n = 1), and renal injury

(n = 1). No significant differences were found in the level
of serum immunoglobulins and lymphocyte subsets between
the AD group and non-AD group. Although eight patients
with AD received hematopoietic stem cell transplantation
(HSCT), three patients died of pulmonary infection after
HSCT.

Conclusions: AD is frequent in Chinese patients with WAS
and AIHA was the most common. AD is a poor prognosis
factor for WAS and should be treated as early as possible by
HSCT.

What is Known:

• Autoimmune disease is common in patients with WAS.

• Manifestations, follow-up finding, and treatment approaches of
autoimmune disease in Chinese patients with WAS have received less
attention in the literature.

What is New:

• This study is firstly intended for evaluation of the clinical and immune
characteristics of autoimmune disease in a large series Chinese patients
with WAS.

• AD is frequent in Chinese patients with WAS and AIHA is the most
common.
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Introduction

Wiskott–Aldrich syndrome (WAS) is a complex and severe X-
linked disorder characterized by microthrombocytopenia, ec-
zema, immunodeficiency, and an increased risk of autoimmu-
nity and lymphomas [1, 16]. Patients with WAS who have an
autoimmune disease (AD) usually constitute a high-risk group
with poor outcome and an increased risk of developing a ma-
lignancy. In recent study, autoimmune diseases are closely
related with heredity and race [8]. However, to date, knowl-
edge of autoimmune complications in WAS is limited in Chi-
na. We studied 53 patients with WAS to evaluate the clinical
manifestations, organ involvement, progression, treatment
and prognosis of autoimmune complications, with the goal
of improving early diagnosis and treatment options.

Methods

Selection of patients, data collection and definitions

We retrospectively analyzed the clinical data of 53 patients
with WAS. All the patients were referred to Children’s Hos-
pital of Chongqing Medical University between April 2004
and January 2014. They were diagnosed definitively by WAS
gene analysis. The clinical features of the patients with AD
were subsequently analyzed. Signed consent of all children or
their parents was obtained, and the study was approved by the
ethics committee of Children’s Hospital of Chongqing Medi-
cal University.

Data collected included age, sex, family history, past histo-
ry, the signs and symptoms, auxiliary examination, diagnosis,
treatment, and prognosis. Patients were divided into an AD
group and a non-AD group according to whether they had an
AD. Immunological indicators in the two groups were com-
pared by statistical analysis.

Autoimmune hemolytic anemia (AIHA) was defined as:
(1) hemolysis with anemia, jaundice, and a change in urine
color; (2) the presence of autoantibodies that agglutinated or
lysed the patient’s own red blood cells (a positive Coombs’
test); and (3) clinical manifestations that were improved by
steroid therapy. Immune thrombocytopenia (ITP) was defined
as: (1) low platelet counts (<100,000 platelets/mm3); (2) an
increased level of platelet-associated immunoglobulin; and (3)
hematological malignancy excluded by bone marrow exami-
nation. Autoimmune neutropenia was defined as neutropenia
(<1,000 polynuclear neutrophils/mm3) except for that caused
by infections, drugs or malignant disease, or the presence of
autoantibodies against polymorphonuclear cells. Immune ar-
thritis was defined as pain and swelling in joints except for that
caused by suppurative infection, hematological malignancy,
or connective tissue disease. Renal injury was defined as he-
maturia and proteinuria with renal function damage.

Cure of AIHA was divided into three levels according to
established criteria. Complete remission was defined as nor-
mal hemoglobin levels and reticulocyte levels <0.05. Partial
remission was defined as hemoglobin levels >80 g/L. No re-
mission was defined as not meeting the criteria for complete or
partial remission. Recurrence was defined as hemoglobin
levels <100 g/L after complete remission.

Flow cytometry of regulatory T cells

Ten patients in AD group and 11 patients in non-AD group
received analysis of regulatory T cells by flow cytometry.
Peripheral blood mononuclear cells (PBMCs) were isolated
by density gradient centrifugation with lymphocyte separation
medium (TBD, CHN) within 4 h and then incubated with
CD4 (IgG1, FITC, clone RPA-T4) and CD25 (IgG1, PE,
clone BC96) monoclonal antibodies (mAbs) separately for
30 min at 4 C. Following fixation, permeabilization was per-
formed according to the manufacturer’s instructions. Then,
anti-human FOXP3 (IgG2a κ, PE-CY5, clone PCH101) was
added followed by incubation at 4 C for at least 30 min in the
dark. After washing, the expressions of CD4, CD25, and
FOXP3 were determined using a flow cytometer
(FACSCalibur; Becton Dickinson, Mountain View, CA,
USA) after live cell gating determined by scatter characteris-
tics, and the data were analyzed using FLOWJO software
(Tree Star, Ashland, OR, USA). To avoid non-specific stain-
ing, isotype control mouse anti-humanmAbs were used: IgG1
(PE, clone P3) for CD25 and IgG2a κ (PE-CY5, clone G155-
178) for FOXP3. All mAbs were purchased from ebioscience
Immunocytometry System (eBioscience, San Diego, CA,
USA).

Follow-up

All patients with AD were followed-up until February 28,
2014. Patients with AIHAwere followed-up for the hemolytic
symptoms of anemia, jaundice, dark urine, and hemoglobin,
and reticulocyte count, bilirubin levels and Coombs’ test re-
sults were assessed. Bleeding, platelet levels, and the presence
of platelet-associated antibodies were examined during the
follow-up of WAS patients with ITP. Symptoms of pain and
swelling of joints and imaging test findings were followed-up
in patients with arthritis. In patients with renal injury, hema-
turia, proteinuria, and renal function results were followed-up.

Statistical analysis

SPSS17.0 software was used for statistical analysis and data
processing. Enumeration data were compared with the χ2 test
and differences in measurement data were compared with the t
test. Differences were considered significant if the calculated
P value was below 0.05.

1312 Eur J Pediatr (2015) 174:1311–1318



Results

The incidence of AD

Fifty-three patients with WAS were enrolled in the study and
the mean age of diagnosed WAS was 12 months (range, 1–
147 months). AD were frequently observed and 14 (26 %) of
the patients developed at least one AD. In the AD group, the
mean diagnostic age of WAS was 30.9 months and the mean
age of diagnosed AD was 17.5 months (range, 4–98 months).
Arthritis and renal injury occurred after 8 years of age. Thirty-
nine WAS patients without AD were enrolled and most of
their clinical scores were between 3 and 4. The mean diagnos-
tic age of WAS in the non-AD group was 20.7 months and 19
patients had positive family history. (Table 1) The most com-
mon AD was AIHA (n=12) and the mean age of diagnosed
AIHAwas 16.5 months (range 4–40 months). Other autoim-
mune complications included ITP in one patient, neutropenia
in one patient, arthritis in one patient, and renal injury in one
patient. Twelve patients had a single autoimmune complica-
tion, whereas two patients had two complications: one patient
had AIHA and ITP, the other had AIHA and autoimmune
neutropenia (Fig. 1).

The clinical manifestations of AIHA

Of the 12 patients with AIHA, anemia was the most common
manifestation (n=12), followed by hepatomegaly (n=5),

splenomegaly (n=4), jaundice (n=3), and dark urine (n=2).
Severe anemia was detected in four patients, and the level of
hemoglobin ranged from 29 to 56 g/L. The direct antiglobulin
test of all 12 patients with AIHA was positive. The direct
antiglobulin test and indirect antiglobulin test were positive
in seven patients. In ten patients with AIHA, the diagnosis had
occurred after the diagnosis of WAS, and in two patients the
diagnosis had occurred whenWAS was diagnosed. Cytomeg-
alovirus infection was detected in five patients and Epstein–
Barr virus co-infection in one patient. In addition, aspergillus
infection was identified in two patients with severe anemia
(Table 2).

The treatment and outcome of AIHA

Three patients with AIHA did not receive immunosuppressive
therapy because the hemolysis was not severe. They only
received blood transfusion and one patient achieved complete
remission, while two patients reached partial remission. Most
of the 12 patients with AIHA (n=9) received steroids as the
first-line treatment. Only one of these patients reached com-
plete remission with a single treatment of steroids and the
other eight patients received other treatments, including intra-
venous immunoglobulin (IVIG; n=8), rituximab (n=3), cy-
closporine A (n=2), plasma exchange (n=2), tacrolimus (n=
1), and splenectomy (n=1). The median duration of treatment
was 1 month (range, 1 week to 6 months). After treatment,
five patients (42 %) achieved complete remission, four pa-
tients (33 %) achieved partial remission, two patients (17 %)
did not achieve remission and one patient relapsed (8 %). A
total of eight patients with AIHA had undergone hematopoi-
etic stem cell transplantation (HSCT). WASP and short tan-
dem repeats (STR) were detected as the evidence of engraft-
ment. All the eight patients exhibited normal expression of
WASP and full chimerisms were also detected 50 days after
transplantation. Full chimerism was defined by the presence
of 95 % or more donor blood cells. Hematopoietic stem cell
source was HLA-matched bone marrow from the sibling of
one case and unrelated HLA-mismatched cord blood in seven
cases.

AIHA occurred before transplantation in three patients and
after transplantation in five patients. In these five patients,
AIHA appeared at a median of 2 months after HSCT (range,
1–7 months). Three patients who received HSCT died of se-
vere pulmonary infection and two patients without HSCT
died, one of intracranial hemorrhage, and one of pulmonary
hemorrhage.

In patient 11, AIHA occurred 3 months after HSCT. He
received steroids, IVIG, and repeated blood transfusion as
first-line treatment, but it proved ineffective. Even after re-
ceiving cyclosporine A (CsA), rituximab, and plasma ex-
change, the condition of the patient did not improve and he
required a daily transfusion. After the patient underwent

Table 1 Clinical data of the WAS patients with autoimmune disease
and without autoimmune disease

AD non-AD

Clinical phenotype

WAS 13 33

XLT 1 6

Clinical score

2 0 6

3 0 15

4 0 17

5 14 1

Onset age of WAS (month)

Mean 1.5 1.7

Range 0–6 0–17

Diagnostic age of WAS (month)

Mean 30.9 20.7

Range 2–147 1–127

Family history

Positive 8 19

Negative 6 20

AD autoimmune disease
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splenectomy due to hepatomegaly and hypersplenism, the fre-
quency of transfusion decreased and hemolysis improved
gradually until the patient finally achieved partial remission.
Hemolysis in patient 12 was partially controlled with steroids
and IVIG, but he relapsed when steroid dosage was decreased.
The patient then received CsA, rituximab, plasma exchange,
and transfusion in combination, which led to partial remission;
however, four additional relapses occurred during treatment.
The patient died of acute respiratory distress syndrome and
cardiorespiratory failure.

Four patients did not undergo HSCT and two of these pa-
tients (patients 2 and 10) died. Patient 2 received steroids,
IVIG and repeated transfusions of red blood cells and plate-
lets, but remission was not achieved. The patient died of pul-
monary hemorrhage after treatment for 1 week because of
rapid worsening of AIHA. Patient 10 with AIHA and ITP
received treatment with steroids and IVIG but failed to
achieve remission. Rituximab and transfusion also proved in-
effective. The patient died of intracranial hemorrhage and ce-
rebral hernia at 5 months old.

Fig. 1 A pie chart depicting
autoimmune disease in patients

Table 2 The clinical manifestations and laboratory examination of 12 patients with AIHA

Patient AD Age at diagnosed
(months)

Clinical manifestations Laboratory examination

Coombs Hb Ret SB Autoantibody/other

DAT IAT (g/L)

1 AIHA 7 Anemia + + 77 ↑ N –

2 AIHA 7 Anemia hepatosplenomegaly + + 56 ↑ ↑ ND

3 AIHA 16 Anemia jaundice + – 77 ↑ ↑ Anti-ssDNA(+)

4 AIHA 17 Anemia + + 67 ND ↑ ND

5 AIHA+
neutropenia

25 Anemia hepatosplenomegaly + – 76 ND N –

6 AIHA 7 Anemia + – 74 ND N ND

7 AIHA 37 Anemia + – 75 ↑ N –

8 AIHA 25 Anemia; hepatomegaly + – 75 ↑ N Anti-ANuA(+)

9 AIHA 18 Anemia + – 85 ↑ N ND

10 AIHA+ITP 4 Anemia; intracranial hemorrhage + + 48 ↑ ↑ ND/PAIgG(+)

11 AIHA 14 Anemia; jaundice; dark urine;
hepatosplenomegaly

+ + 29 ↑ ↑ ND

12 AIHA 40 Anemia; jaundice; dark urine;
hepatosplenomegaly

+ + 54 ↑ ↑ Anti-ssDNA(+)

AIHA autoimmune hemolytic anemia, ITP immune thrombocytopenia, DAT direct antiglobulin test, IAT indirect antiglobulin test, Hb hemoglobin, Ret
reticulocyte, SB serum bilirubin, PAIgG platelet-associated IgG, N normal, ND not determined, + weakly positive, −: negative, ↑ increase
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Clinical characteristics of other ADs

Other ADs were identified in four patients, including arthritis,
renal injury, ITP, and neutropenia in one patient each. One
patient with AIHA also had ITP and another patient with
AIHA had neutropenia. A patient with a reverse mutation
(second-site mutation) of theWAS gene was ill with persistent
arthritis for several years, which was partially controlled by
treatment with IVIG and the biological agent etanercept. Un-
fortunately, the patient died of extensive pulmonary fibrosis in
October of 2013.

The patient with renal injury presented with recurrent he-
maturia, mainly microscopic hematuria, with a small amount
of protein in the urine. IgA nephropathy was under clinical
consideration, but renal biopsy was contraindicated because
of thrombocytopenia. Remission of hematuria and proteinuria
was not obvious after therapy with oral steroids for 1 month.
The condition deteriorated and albuminuria achieved signifi-
cant levels even after combined treatment with oral steroids
and Tripterygium wilfordii for 1 year. Thereafter, the condition
of the patient progressed to chronic renal function failure.

Immunological examination

The data about the immunological examination in the AD
group have been obtained at the onset of the disease. Se-
rum immunoglobulin tests were conducted in 11 patients
with AD (Table 3). Serum IgG level was normal in three
patients and elevated in eight patients. IgA level was ele-
vated in six patients and normal in five patients. IgM level
was reduced in six patients, normal in four patients, and

elevated in one patient. Lymphocyte subset analysis was
conducted in 11 patients (Table 4). Percentage of CD3+ T
cell counts were normal in seven patients and reduced in
four patients. Percentage of CD19+ B cell counts were
normal in four patients and CD56+16+ natural killer cell
counts were normal in eight patients, elevated in two pa-
tients, and reduced in one patient. The absolute counts of
the lymphocyte subsets were also evaluated and CD3+ T
cell counts reduced in eight patients and were normal in
two patients. CD19+ B cell absolute counts reduced in
eight patients and CD56+16+ natural killer cell absolute
counts elevated in five patients.

Twenty-six of the 39 patients in the non-AD group had
immunoglobulin test results. In this non-AD group, mean
levels of IgG and IgA were elevated and IgM levels were
reduced; however, levels of IgG, IgA and IgM were not sig-
nificantly different from those in the AD group. Twenty-two
patients in the non-AD group had lymphocyte subset exami-
nations. No significant difference was found between the AD
group and non-AD group.

Frequency of CD4+CD25+FOXP3+ Tregs in PBMCs
in AD group and non-AD group

Ten patients in AD group and 11 patients in non-AD group
were selected randomly to detect the frequency of CD4+
CD25+FOXP3+ Tregs in PBMCs. No significant differ-
ences were found between the patients from AD group
and non-AD group (3.8±0.63 % versus 3.4±0.45 %)
(Fig. 2).

Table 3 The immunoglobin
level of 11 patients of WAS with
AD

P Age
(month)

Immunoglobin (g/L)

IgG Normal range IgA Normal range IgM Normal range

1 7 19.1 4.090∼7.030 0.35 0.210∼0.470 0.63 0.330∼0.730
2 7 ND ND ND

3 16 16.8 5.090∼10.090 2.29 0.310∼0.670 1.23 0.980∼1.780
4 17 15.8 5.090∼10.090 2.95 0.310∼0.670 1.15 0.980∼1.780
5 25 7.37 5.090∼10.090 0.404 0.310∼0.670 0.22 0.980∼1.780
6 7 21.3 4.090∼7.030 0.92 0.210∼0.470 2.17 0.330∼0.730
7 37 12.5 6.600∼10.390 1.97 0.580∼1.000 0.32 1.100∼1.800
8 35 23.5 5.090∼10.090 0.51 0.310∼0.670 0.28 0.980∼1.780
9 18 13.4 5.090∼10.090 0.43 0.310∼0.670 0.34 0.980∼1.780
10 4 ND ND ND

11 14 ND ND ND

12 40 10.8 6.600∼10.390 1.82 0.580∼1.000 1.15 1.100∼1.800
13 147 12.6 8.270∼14.170 1.75 0.860∼1.920 0.98 1.220∼2.560
14 125 12.5 7.910∼13.070 8.54 0.850∼1.710 0.28 1.200∼2.260

ND not detected
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Discussion

WAS is an X-linked primary immunodeficiency originally de-
scribed as a clinical triad of immunodeficiency, thrombocytopenia,

and eczema. Autoimmune complications are a cause of
considerable morbidity and not infrequent mortality in pa-
tients with WAS, and the true prevalence of these complica-
tions is not clearly established and data on AD in Chinese
patients with WAS is limited. In the study, clinical data about
the frequency, severity, and treatment of AD were analyzed in
a cohort of 53 Chinese patients with WAS from April 2004 to
January 2014. Fourteen patients (26 %) developed at least one
AD. By contrast, the prevalence of autoimmunity in WAS is
high in the USA and Europe, affecting 40–72 % of patients
[25, 6]. The prevalence of AD in our study was markedly
lower than that observed in the study from the USA
[26], but could be underestimated because AD may not
have occurred by the time of follow-up termination. This
possibility stresses the need for continuous follow-up clinical
information. In addition, some of the patients with WAS may
have died before the onset of AD.

The common ADs in WAS are AIHA, vasculitis, arthritis,
and nephropathy, followed by inflammatory bowel disease,
ITP, and neutropenia [22, 18]. Similar to previous studies

Table 4 Analysis of lymphocyte subsets in WAS patients with autoimmune disease

P Age
(month)

Lymphocyte subsets

CD3+ Normal CD4+ Normal CD8+ Normal B Normal NK Normal

1 7 55 45∼79 15 36∼61 33 16∼34 21 19∼31 20 7∼40
990 2280∼6450 270 1690∼4600 594 720∼2490 378 500∼1500 360 200∼800

2 7 ND ND ND ND ND

3 16 67 53∼81 21 31∼54 45 16∼38 20 19∼31 13 7∼40
914 1460∼5440 286 1020∼3600 614 570∼2230 273 500∼1500 177 100∼1100

4 17 53 53∼81 36 31∼54 16 16∼38 21 19∼31 24 7∼40
979 1460∼5440 665 1020∼3600 296 570∼2230 388 500∼1500 443 100∼1100

5 25 26 62∼80 22 35∼51 3 22∼38 10 21∼28 63 7∼40
1499 1610∼4230 1269 900∼2860 173 630∼1910 577 700∼1300 3806 100∼700

6 7 60 45∼79 17 36∼61 42 16∼34 6 19∼31 33 7∼40
2364 2280∼6450 670 1690∼4600 1655 720∼2490 236 500∼1500 1300 200∼800

7 37 ND ND ND ND ND

8 35 ND ND ND ND ND

9 18 81 53∼81 23 31∼54 54 16∼38 7 19∼31 11 7∼40
10975 1460∼5440 3116 1020∼3600 7316 570∼2230 948 500∼1500 1490 100∼1100

10 4 75 45∼79 63 36∼61 10 16∼34 16 19∼31 4 7∼40
1448 2280∼6450 1216 1690∼4600 193 720∼2490 309 500∼1500 77 200∼900

11 14 70 53∼81 35 31∼54 33 16∼38 21 19 ∼31 8 7∼40
1005 1460∼5440 503 1020∼3600 474 570∼2230 302 1 500∼1500 115 200∼900

12 40 19 62∼80 13 35∼51 6 22∼38 50 21∼28 28 7∼40
484 1610∼4230 331 900∼2860 153 630∼1910 1274 700∼1300 714 100∼700

13 147 49 66∼76 35 33∼41 17 27∼35 39 12∼22 9 7∼40
1532 1400∼2000 1094 700∼1100 532 600∼900 1219 300∼500 181 100∼700

14 125 36 66∼76 16 33∼41 20 27∼35 5 12∼22 57 7∼40
1019 1400∼2000 453 700∼1100 566 600∼900 142 300∼500 1614 100∼700

The percentage of lymphocyte subsets was located in the first line and absolute number of lymphocyte subsets was located in the second line

Fig. 2 Frequency of CD4+CD25+FOXP3+ Tregs in PBMCs in AD
group and non-AD group
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[25, 6, 17], AIHA was the most common AD in Chinese
patients with WAS. In our study, 12 of 53 patients with
WAS developed AIHA, including one patient who also had
ITP and another patient who also had immune neutropenia.
The mean age of diagnosed AIHAwas 17.5 months, consis-
tent with previous studies [25, 6, 11]. Renal injury was orig-
inally thought to be rare in patients with WAS and affected
3.5–12 % of patients [6, 9, 23, 25]. Knowledge of the mech-
anisms of nephropathy in WAS patients is limited and renal
biopsies are often contraindicated in patients with WAS be-
cause of thrombocytopenia. The few biopsies performed have
shown various pathologies including membranoproliferative
glomerulonephritis, mesangial proliferation, interstitial ne-
phritis, and IgA nephropathy [27, 6, 12]. In our study, IgA
nephropathy was under clinical consideration in an X-linked
thrombocytopenia (XLT) patient, but renal biopsy was contra-
indicated. In this patient, chronic renal function failure oc-
curred after treatment with steroids combined with mycophe-
nolate mofetil for 1 year. In consequence, great attention
should be paid to the evaluation of the renal function in pa-
tients withWAS, especially in older children. InWAS, chronic
arthritis has been described in approximately 10% of patients,
and patients with rheumatoid arthritis have been found to have
a higher relative risk of developing lymphomas than the gen-
eral population [3]. In our study, a patient with a reversion
mutation of the WAS gene had arthritis and although the clin-
ical symptoms of infection improved, the symptoms of arthri-
tis persisted for several years and could be controlled only
partially by treatment with the biological agent etanercept.
Unfortunately, the patient developed right paralysis in August
2013 and died of extensive pulmonary fibrosis 2 months later.
Chronic arthritis may be a risk factor of poor prognosis and
should be carefully monitored.

In previous studies, the level of IgG was normal or re-
duced, the level of IgA was elevated and the level of IgM
was reduced in most patients with WAS [10, 13]. In our
study, no significant difference was found in the level of
immunoglobulins or percentage and absolute number of
lymphocyte subsets between the AD group and non-AD
group. The mechanisms of autoimmunity in WAS are not
clear, but may be related to an inability to clear pathogens
completely and to defects in autoantigen tolerance [4, 5, 7,
14]. In addition, defects in Treg (CD4+CD25+FoxP3+)
function [15], impaired phagocytosis, decreased produc-
tion of interleukin 2, and increased production of autoan-
tibodies owing to B cell intrinsic dysfunction may also
contribute to autoimmunity [2, 20]. However, in our study,
there was no significant difference between AD and non-
AD group about frequency of CD4+CD25+FOXP3+ Tregs
in PBMCs. A high serum IgM level is a risk factor for poor
prognosis in WAS patients with AIHA [6]. Only one patient
with AIHA had a high level of IgM in our study. Prognostic
indicators of AIHA do not only depend on the level of IgM

because immunoglobulin levels vary greatly in patients with
WAS, and AIHA should be considered if hemorrhage is mild
but anemia is severe. The relationship between IgM levels and
prognosis of AIHA needs to be confirmed.

AIHAwas a frequent, early-onset complication that clearly
predicted a poor prognosis, and is one of the most common
indications for HSCT in patients with WAS [6, 4, 24, 28]. In
our study, eight patients with AIHA received HSCT and three
of these patients died of severe pulmonary infection. In a pre-
vious study, Ozsahin et al. [19] observed that 20 % of patients
with WAS developed autoimmunity after HSCT, which was
independent of chronic graft-versus-host disease but signifi-
cantly associated with mixed/split chimerism. Autoimmunity
developed at a median of 1.5 years after HSCT (range,
4 months to 10 years) and ADs were more frequent in recip-
ients of matched unrelated donors and mismatched related
donors than related HLA-identical donors. In our study, of
the five patients who developed AIHA after HSCT, the medi-
an time to development of AIHAwas 2 months and all the five
patients exhibited normal expression of WASP, and full chi-
merisms were also detected 50 days after transplantation. Op-
timization of conditioning, stem cell number and choice of
suitable donor for transplantation perhaps alleviates autoim-
mune complications after transplantation. In a study of 107
patients with AIHA, 18 % developed a malignant lymphopro-
liferative disorder [21]. A relationship appears to exist be-
tween AIHA and the subsequent appearance of lymphoid ma-
lignancies. No malignancies were identified in patients with
AIHA in our study, but continuous follow-up should be con-
ducted in this patient group.

Autoimmune complications are frequent in Chinese pa-
tients with WAS. AIHA is the most common AD and is asso-
ciated with a poor prognosis, especially in patients with a poor
response to steroids and other immunosuppressive treatments.
Recognizing and appropriately managing autoimmune com-
plications in patients with WAS is particularly challenging.
Nevertheless, our improved understanding of the basic mech-
anisms of autoimmunity will hopefully inform both the search
for the underlying causes of common ADs and potential path-
ways that may be targeted therapeutically to modulate
immunity.

Acknowledgments We thank all contributors who were involved in the
study. This work was financially supported by the Public Welfare Scien-
tific Research Project of China [grant number 201401012], and the Na-
tional Natural Science Foundation of China [grant numbers 81172878,
81202365].

Author's contributions Xiao-Dong Zhao conceived and designed the
study.

Nan Chen Zhi-Yong Zhang collected clinical data, performed the data
analyses and wrote the manuscript (contributed equally).

Da-Wei LiuWei Liu, Xue-Mei Tang helped perform the analysis with
constructive discussions.

Eur J Pediatr (2015) 174:1311–1318 1317



References

1. Aldrich RA, Steinberg AG, Campbell DC (1954) Pedigree demon-
strating a sex-linked recessive condition characterized by draining
ears, eczematoid dermatitis and bloody diarrhea. Pediatrics 13(2):
133–139

2. Azuma H, Oshima M, Ito K, Okuno A, Kawabata I, Banba K,
Murahashi H, Sekine T, Kato Y, Ikebuchi K, Ikeda H (2000)
Impaired interleukin-2 production in T-cells from a patient with
Wiskott-Aldrich syndrome: basis of clinical effect of interleukin-2
replacement therapy. Eur J Pediatr 159(8):633–634

3. Beauparlant P, Papp K, Haraoui B (1999) The incidence of cancer
associated with the treatment of rheumatoid arthritis. Semin
Arthritis Rheum 29(3):148–158

4. Bosticardo M, Marangoni F, Aiuti A, Villa A, Grazia Roncarolo M
(2009) Recent advances in understanding the pathophysiology of
Wiskott-Aldrich syndrome. Blood 113(25):6288–6295

5. Cleland SY, Siegel RM (2011) Wiskott-Aldrich syndrome at the
nexus of autoimmune and primary immunodeficiency diseases.
FEBS Let 585(23):3710–3714

6. Dupuis-Girod S, Medioni J, Haddad E, Quartier P, Cavazzana-
Calvo M, Le Deist F, de Saint Basile G, Delaunay J, Schwarz K,
Casanova JL, Blanche S, Fischer A (2003) Autoimmunity in
Wiskott-Aldrich syndrome: risk factors, clinical features, and out-
come in a single-center cohort of 55 patients. Pediatrics 111(5 Pt 1):
e622–e627

7. Duzova A, Topaloglu R, Sanal O, Kilic S, Mazza C, Besbas N,
Bakkaloglu A (2001) Henoch-Schönlein purpura in Wiskott-
Aldrich syndrome. Pediatr Nephrol 16(6):500–502

8. Farh KK,Marson A, Zhu J, KleinewietfeldM,HousleyWJ, Beik S,
Shoresh N, Whitton H, Ryan RJ, Shishkin AA, HatanM, Carrasco-
Alfonso MJ, Mayer D, Luckey CJ, Patsopoulos NA, De Jager PL,
Kuchroo VK, Epstein CB, Daly MJ, Hafler DA, Bernstein BE
(2014) Genetic and epigenetic fine mapping of causal autoimmune
disease variants. Nature. doi:10.1038/nature13835

9. Hoshino A, Shimizu M, Matsukura H, Sakaki-Nakatsubo H,
Nomura K, Miyawaki T, Kanegane H (2014) Allogeneic bone mar-
row transplantation appears to ameliorate IgA nephropathy in a
patient with X-linked thrombocytopenia. J Clin Immunol 34(1):
53–57

10. Imai K,Morio T, Zhu Y, Jin Y, Itoh S, Kajiwara M, Yata J, Mizutani
S, Ochs HD, Nonoyama S (2004) Clinical course of patients with
WASP gene mutations. Blood 103(2):456–464

11. Kim JJ, Thrasher AJ, Jones AM, Davies EG, Cale CM (2007)
Rituximab for the treatment of autoimmune cytopenias in children
with immunedeficiency. Br J Haematol 138(1):94–96

12. Latal Hajnal B, Lips U, Friedrich W, Zachmann M, Berthet F
(1995) Addison disease 10 years after bone marrow transplantation
for Wiskott-Aldrich syndrome. Eur J Pediatr 154(9):729–731

13. Lee WI, Yang CY, Jaing TH, Huang JL, Chien YH, Chang KW
(2008) Clinical aspects and molecular analysis of Chinese patients

with Wiskott-Aldrich syndrome in Taiwan. Int Arch Allergy
Immunol 145(1):15–23

14. Matsukura H, Kanegane H, Miya K, Ohtsubo K, Higuchi A,
Tanizawa T, Miyawaki T (2004) IgA nephropathy associated with
X-linked thrombocytopenia. Am J Kidney Dis 43(3):e7–e12

15. Maillard MH, Cotta-de-Almeida V, Takeshima F, Nguyen DD,
Michetti P, Nagler C, Bhan AK, Snapper SB (2007) The Wiskott-
Aldrich syndrome protein is required for the function of CD4(+
)CD25(+)Foxp3(+) regulatory T cells. J Exp Med 204(2):381–391

16. Massaad MJ, Ramesh N, Geha R (2013) Wiskott-Aldrich syn-
drome: a comprehensive review. Ann N YAcad Sci 1285:26–43

17. Mahlaoui N, Pellier I, Mignot C, Jais JP, Bilhou-Nabéra C,
Moshous D, Neven B, Picard C, de Saint-Basile G, Cavazzana-
CalvoM, Blanche S, Fischer A (2013) Characteristics and outcome
of early-onset, severe forms of Wiskott-Aldrich syndrome. Blood
121(9):1510–1516

18. Notarangelo LD, Miao CH, Ochs HD (2008) Wiskott-Aldrich syn-
drome. Curr Opin Hematol 15(1):30–36

19. Patiroglu T, Gungor HE, Unal E (2012) Autoimmune diseases de-
tected in children with primary immunodeficiency diseases: results
from a reference centre at Middle Anatolia. Acta Microbiol
Immunol Hung 59(3):343–353

20. Pessach IM (2010) The relationship of x-linked primary immune
deficiencies and autoimmunity. Curr Allergy Asthma Rep 10(5):
311–319

21. Sallah S, Wan JY, Hanrahan LR (2001) Future development of
lymphoproliferative disorders in patients with autoimmune hemo-
lytic anemia. Clin Cancer Res 7(4):791–794

22. Schurman SH, Candotti F (2003) Autoimmunity in Wiskott-
Aldrich syndrome. Curr Opin Rheumatol 15(4):446–453

23. Shimizu M, Kanegane H, Wada T, Motoyoshi Y, Morio T, Candotti
F, Yachie A (2013) Aberrant glycosylation of IgA in Wiskott-
Aldrich syndrome and X-linked thrombocytopenia. J Allergy Clin
Immunol 131(2):587–90.e1-3

24. Shin CR, Kim MO, Li D, Bleesing JJ, Harris R, Mehta P, Jodele S,
Jordan MB, Marsh RA, Davies SM, Filipovich AH (2012)
Outcomes following hematopoietic cell transplantation for
Wiskott-Aldrich syndrome. Bone Marrow Transplant 47(11):
1428–1435

25. Shimizu M, Nikolov NP, Ueno K, Ohta K, Siegel RM, Yachie A,
Candotti F (2012) Development of IgA nephropathy-like glomeru-
lonephritis associated with Wiskott-Aldrich syndrome protein defi-
ciency. Clin Immunol 142(2):160–166

26. ten Bensel RW, Stadlan EM, Krivit W (1966) The development of
malignancy in the course of the Aldrich syndrome. J Pediatr 68(5):
761–767

27. Webb MC, Andrews PA, Koffman CG, Cameron JS (1993) Renal
transplantation in Wiskott-Aldrich syndrome. Transplantation
56(6):1585

28. Worth AJ, Booth C, Veys P (2013) Stem cell transplantation for
primary immune deficiency. Curr Opin Hematol 20(6):501–508

1318 Eur J Pediatr (2015) 174:1311–1318

http://dx.doi.org/10.1038/nature13835

	The clinical features of autoimmunity in 53 patients with Wiskott–Aldrich syndrome in China: a single-center study
	Abstract
	Introduction
	Methods
	Selection of patients, data collection and definitions
	Flow cytometry of regulatory T cells
	Follow-up
	Statistical analysis

	Results
	The incidence of AD
	The clinical manifestations of AIHA
	The treatment and outcome of AIHA
	Clinical characteristics of other ADs
	Immunological examination
	Frequency of CD4+CD25+FOXP3+ Tregs in PBMCs in AD group and non-AD group

	Discussion
	References


