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Background: Wiskott-Aldrich syndrome (WAS) is a rare and severe X-linked disorder

with variable clinical phenotypes correlating with the type of mutations in theWAS gene.

The syndrome is difficult to differentiate from idiopathic thrombocytopenic purpura (ITP)

before genetic diagnosis. We retrospectively reviewed patients suspected to have WAS

who were referred to our hospital from 2004 to 2016 and compared the clinical features

and laboratory examination of genetically confirmed WAS patients and of patients

diagnosed with ITP in order to seek some clues to distinguish WAS and ITP before

genetic diagnosis.

Methods: Seventy-eight children suspected to have WAS from 78 unrelated families

were enrolled in this study. The clinical data and laboratory examination of children were

reviewed in the present study. The distribution of lymphocyte subsets from peripheral

blood was examined by how cytometry. WASP mutations were identified by direct

sequencing of PCR-amplified genomic DNA.

Results: Forty-two patients were finally diagnosed with WAS genetically. The median

onset age of these patients was 1 month (range: 1 day−10 months). The median

diagnosis lag was 4.6 months (range: 0 months−9.42 years). Fifteen patients (35.71%)

had positive family histories. More than half of the patients (n= 23, 54.76%) had diarrhea.

Twenty-three (54.76%) had pneumonia, 7 with severe symptoms. Major bleeding events

included skin spots or petechiae (n = 27, 64.29%), per-rectal bleeding (n = 21,

50.00%), epistaxis (n= 7, 16.67%) and intracranial bleeding (n= 2, 4.76%). Twenty-nine

patients (69.05%) had eczema, and one patient had a drug allergy. Three patients had

autoimmune diseases, among whom 2 had autoimmune hemolytic anemia and one had

autoimmune hemolytic anemia and IgA nephropathy. A total of 42 mutations in WASP

were identified, including 19 novel mutations. Eight patients received hematopoietic stem
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cell transplantation (HSCT) and all survived. Compared with the 30 patients diagnosed

with ITP, the WAS patients had higher EOS counts and elevated IgE level, increased NK

cell numbers but fewer CD8+T lymphocytes.

Conclusion: The WAS gene diagnosis should be considered in all males with ITP-like

features, especially for patients with a very early onset age, decreased MPV (<6.5 fl),

higher EOS counts and elevated IgE level, increased NK cell number, diminished CD8+T

lymphocyte count.

Keywords: Wiskott-Aldrich syndrome, idiopathic thrombocytopenic purpura, primary immunodeficiency, gene

mutation, hematopoietic stem cell transplantation

INTRODUCTION

Wiskott-Aldrich syndrome (WAS) is a rare X-linked
primary immunodeficiency disease (PID) characterized by
thrombocytopenia, eczema, recurrent infections, and an
increased incidence of autoimmunity and malignancies (1, 2).

The syndrome was first described by Alfred Wiskott in 1937
(3) and Robert Aldrich in 1954 (4), and it was thus named
WAS after the two physicians who described it. The disease is
caused by loss-of-function mutations in the WAS gene, which
was identified in 1994 and is located on the X chromosome
(position Xp11.22-p11.23) (5). The WAS gene encodes a 502-
amino-acid intracellular protein expressed exclusively in the
cytoplasm of hematopoietic cells (6).WAS genemutation impairs
expression and/or function of the WAS protein (WASp), which
plays a key role in the functions of T cells, natural killer (NK)
lymphocytes, and dendritic cells (7). WASp is a multifaceted
protein associated with several clinical disorders. Absent WASp
causes classic WAS described above. Mutations that result in
decreased, but not absent, protein expression cause the milder
disease X-linked thrombocytopenia (XLT) that is characterized
mainly by thrombocytopenia and sometimes is associated with
mild eczema and immunodeficiency (8). Furthermore, a third
disorder termed X-linked neutropenia (XLN), characterized by
neutropenia and variable myelodysplasia, has been attributed to
activating mutations in the GTPase-binding domain (GBD) of
WASp (9).

The long-term prognosis of classic WAS is generally poor,
with hematopoietic stem cell transplantation (HSCT) remaining
the only curative choice (10). Frequent complications of WAS
entail fatal intracranial bleeding, severe and recurrent infections,
autoimmune diseases, and malignancies throughout adulthood
(1). Early and timely diagnosis and treatment are critical for
patients with WAS to improve outcomes.

However, WAS is sometimes difficult to differentiate from
other thrombocytopenic disorders and is often initially diagnosed
as idiopathic thrombocytopenic purpura (ITP), which can lead
to inappropriate treatment and delays to life-saving definitive
therapy (11–13). WAS is traditionally differentiated from
ITP by the small size of WAS platelets (14). In practice,
microthrombocytopenia may occasionally not be present and
some WAS patients have normal mean platelet volume
(MPV) (15, 16) or macrothrombocytopenia (2, 17). Therefore,
differentiation of the disease from ITP is not always easy on

clinical grounds. We retrospectively reviewed patients suspected
of WAS referred to our hospital from 2004 to 2016 and
compared the clinical features and laboratory examination
between genetically confirmed WAS/XLT patients and patients
diagnosed with ITP to seek some clues to distinguish WAS/XLT
and ITP clinically before genetic diagnosis. Such clues may make
the diagnosis of WAS/XLT prompt and timely and provide
WAS/XLT patients earlier and better treatment in order to
improve their survival rate.

MATERIALS AND METHODS

Patients
Children’s National Medical Center, Shanghai Children’s Medical
Center, is a teaching hospital of Shanghai Jiao Tong University
School of Medicine and Department of Rheumatology and
Immunology is one of the biggest referral centers for PID
in China.

During the period from January 2004 to December 2016,
725 patients diagnosed with PID in our center and 78 children
suspected to have WAS from 78 unrelated families were enrolled
in this study. All of the patients were either first diagnosed and
treated in our center or referred from other departments in
our hospital or other hospitals. Patients were initially diagnosed
as WAS based on typical clinical and laboratory findings,
including thrombocytopenia, and/or small platelets, petechiae,
bruises, recurrent, or severe infections and eczema (18). Patients
were assigned a score based on their clinical severity, using a
previously described scoring system (19, 20). Informed consent
was obtained from each patient’s parent or guardian before
enrollment in the study.

Data Collection
Clinical information was retrospectively collected from the
patients’ medical records, including clinical manifestations
(recurrent infections, autoimmune diseases, or malignancy
diseases), onset age, diagnosis age, parental consanguinity, family
history of immunodeficiency, vaccination and allergic history,
complications, laboratory tests, and treatments.

Patient Samples and Cell Preparation
Heparinized or EDTA-treated peripheral blood was obtained
by venipuncture from patients suspected with WAS and family
members of the patients. Informed consent was obtained in
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each instance prior to analysis from children’s parents or other
legal guardians. The study protocol was approved by the Ethics
Committee of Children’s National Medical Center, Shanghai
Children’s Medical Center, Shanghai Jiao Tong University School
of Medicine.

Evaluation of Immunological Function
Routine evaluation of immunological function included the
detection of immunoglobulins G, A, M, and/or E and analysis of
lymphocyte subsets. The level of Immunoglobulins G, A, M, and
E in serum were detected by nephelometry. While lymphocyte
subsets were analyzed by a FACSCalibur flow cytometer (Becton
Dickinson, USA).

Flow Cytometry Analysis
Intracellular detection with anti-WASp monoclonal antibody
was performed as described before (21). Peripheral blood
mononuclear cells (PBMCs) were isolated by Ficoll-Hypaque
(Axis-Shield, Norway) density gradient centrifugation
and washed twice with phosphate-buffered saline (PBS).
Cytofix/Cytoperm solution from CytoStain Kits (Pharmingen,
San Diego, CA) was added to suspended 2 × 106 PBMCs in
each tube at 4◦C for 20min. After washing twice in Perm/Wash
solution, they were incubated with 0.25 mg/ml purified mouse
anti-human WASp mAb (BD Pharmingen) or isotype-matched
control mouse IgG2a mAb (BD Pharmingen) at 4◦C for 30min
and washed twice. Subsequently, phycoerythrin (PE)-conjugated
goat anti-mouse IgG2a (BD Pharmingen) was added to all cells
and reacted at 4◦C for 30min. WASp expression in PBMCs
was analyzed by FACS Calibur, using CellQuest software
(Becton Dickinson).

Mutation Analysis of the WAS Gene
WAS gene mutation was investigated in patients, and the carrier
status of their mother, female siblings, or maternally related
female family members was determined also.

Genomic DNAwas isolated from PBMCs using the RelaxGene
Blood DNA System (Tiangen Biotech, Beijing, China) according
to the manufacturer’s instructions. And the DNA was amplified
by PCR using synthetic oligonucleotide primers designed to
amplify the WAS gene. Amplified DNA products were directly
sequenced as described previously (22). Homology analysis
with the WAS reference sequence was performed by the NCBI
program BLAST (http://www.ncbi.nlm.nih.gov/BLAST/). When
a novel missense mutation was identified, genotyping of 100
alleles was performed to rule out the possibility of being
a polymorphism.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 7
software (GraphPad Software, Inc., San Diego, CA). For
measurement data, data were presented as the mean ± SD or
median. Comparisons between two groups were carried out with
the use of Student’s t-test for data of normal distribution and non-
parametric rank sum test (Mann-Whitney U-test) for abnormal
distribution data. Statistical analysis on enumeration data was

expressed as percentage through chi-square analysis. P < 0.05
was considered significant.

RESULTS

During the period from January 2004 to December 2016,
725 patients with PID were referred to our hospital. Forty-
two (5.79%) were finally diagnosed as WAS/XLT with
genetic confirmation.

Demographics of WAS/XLT Patients
All patients were ethnic Chinese, and all were males. The origins
of our patients covered 11 of the 34 provinces in China. Zhejiang,
Jiangsu, Anhui and Jiangxi provinces, and Shanghai covered
57.14% (n = 24) of the total patient sample. This distribution
seemed to be consistent with the convenience of coming to
our hospital.

The median onset age of these patients was 1 month (range:
1 day−10 months). Age of onset was not correlated with the
disease severity score (p = 0.99). The median diagnosis lag
was 4.6 months (range: 0 months−9.42 years). Fifteen patients
(35.71%) had positive family histories of previous early death of
family members, but the diagnosis lag had no difference between
patients with positive and negative family histories (p= 0.13).

Clinical Features of WAS/XLT Patients
Infections
More than half of the patients (n = 23, 54.76%) had diarrhea, 2
due to rotavirus (P25 and P31) and 1 to bacilli (P32). Pneumonia
was the most common infection in our patients. Twenty-three
(54.76%) had pneumonia, 7 with severe symptoms (P7, P9, P17,
P21, P27, P33, and P42), and 2 even deteriorated into respiratory
failure (P33 and P42) and 2 into septicemia (P17 and P27). One
patient died (P7). Other infectious diseases included otitis media
(n = 3, 7.14%), thrush (n = 3, 7.14%), lymphadenitis, CMV and
EBV infections (Table 1).

Bleeding and Hematological Features
Major bleeding events included skin spots or petechiae (n = 27,
64.29%), per-rectal bleeding (n = 21, 50.00%), epistaxis (n = 7,
16.66%) and intracranial bleeding (n= 2, 4.76%). Twelve patients
(28.57%) had multiple-system bleeding. Moderate and severe
anemia usually associated with per-rectal bleeding (12 patients
with per-rectal bleeding out of 15 patients with Hb <90 g/L)
(Table 2). We found no correlation between platelet count and
risk for severe bleeding (p= 0.662).

Allergy and Autoimmune Diseases
Twenty-nine patients (69.05%) had eczema, and one patient
had a drug allergy. Three patients had autoimmune diseases,
among which 2 had autoimmune hemolytic anemia and one
autoimmune hemolytic anemia and IgA nephropathy (Table 1).

Clinical Scores
Three patients were diagnosed with XLT. A score of 1 was given
to 1 patient, and a score of 2 was given to 2 patients. Thirty-
nine were diagnosed with classic WAS. A score of 3 was assigned
to 24 patients, and a score of 4 was given to 12 patients. Three
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TABLE 1 | Clinical features of 42 WAS patients.

Patients Family

history

Infections Bleeding Autoimmune

diseases

Eczema Therapy Status

Diarrhea URI Pneumonia others Skin GI Nasal

cavity

Head IVIG HSCT

1 + + Alive

2 + + + + Alive

3 + + + Lymphadenitis,

otitis media,

mumps

Alive

4 + + + + + Loss to follow-up

5 + + + EBV infection + + + + + + Alive

6 + AIHA + + + Alive

7 + + +, Severe + Died at 2m due to

pneumonia

8 + + + + AIHA

IgA

nephropathy

+ Alive

9 +, Encapsulated

pyogenic

pneumothorax

Purulent

meningitis

+ + + Alive

10 + + + + Alive

11 + + + Alive

12 + + + + + Alive

13 + + + + Alive

14 + + + + Loss to follow-up

15 + + Thrush + + + Alive

16 + + + Alive

17 +, Severe Septicemias + + + Died at 7m due to

severe infection

18 + + + + + + Died at 2m due to

intracranial

hemorrhage

19 + + Otitis media + + + Alive

20 + + + + + Alive

21 +, Severe + + + + + Alive

22 + + + + + + + Alive

23 + + + + + Alive

24 + + + + + + + Alive

25 + +, RV + + + + + Loss to follow-up

26 Thrush + + Loss to follow-up

27 +, Pulmonary

abscess

Septicemia + + + Alive

(Continued)
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TABLE 1 | Continued

Patients Family

history

Infections Bleeding Autoimmune

diseases

Eczema Therapy Status

Diarrhea URI Pneumonia others Skin GI Nasal

cavity

Head IVIG HSCT

28 + + + + + Loss to follow-up

29 Suppurative

tonsillitis

+ + Alive

30 + + + + + + Alive

31 + +, RV + + + + AIHA +, Food

allergy

+ Died at 2.5 y due

to intracranial

hemorrhage

32 + +, Bacilli + + Died at 2m due to

severe infection

33 + +, Respiratory

failure

+ + Alive

34 + + + Loss to follow-up

35 + + Alive

36 + + Otitis media + + + Alive

37 + + + + Alive

38 + + Drug

allergy

+ Loss to follow-up

39 + + CMV infection + + +, Drug

allergy

+ Alive

40 + + + + Alive

41 + + Thrush + + + + Loss to follow-up

42 + +, Respiratory

failure

+ + + + + + Alive

AIHA, autoimmune hemolytic anemia; GI, gastrointestinal tract; RV, Rotavirus; URI, upper respiratory tract infection.
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TABLE 2 | Mutation type of 42 cases of WAS and other related data.

Patient Age of

onset

Hb

(g/L)

Lowest plt

(×109/L)

MPV

(fl)

Exon/

intron

Genomic/

cDNA mutation

Predicted

codon change

Novel Maternal carrier

status

Score

NONSENSE

1 1m ND 22 ND Exon 1 71 C>T R13X No Carrier 3

2 1m ND 10 5.6 Exon 2 238C>T Q 80X No Carrier 3

3 7m ND 6 ND Exon 3 340C>G Y102X No Carrier 3

4 15d 121 39 5.5 Exon 4 436C>T Q146X
√

Carrier 3

5 2m 88 6 9.7 Exon 7 631C>T R211X No ND 3

6 1m ND 10 ND Exon 10 961C>T R321X No Carrier 5

7 20d 117 13 ND Exon 10 1351_1352GC>TT Q440X
√

Carrier 4

MISSENSE

8 1m 51 18 ND Exon 1 104T>C S24P No Carrier 5

9 4m 53 22 5.3 Exon 2 251T>C C73R No ND 4

10 5d ND 12 ND Exon 2 252G>A C73Y No Carrier 3

11 2m 99 19 4.8 Exon 2 257G>A V75M No ND 2

12 3m 91 15 5.8 Exon 2 279C>A S82Y
√

ND 3

13 2d 108 26 ND Exon 2 291T>G R86L
√

Carrier 2

14 4m 114 15 ND Exon 3 334G>C E100D No Carrier 3

15 1d 84 47 ND Exon 7 671A>G D224G No Carrier 3

16 8m 108 20 6.6 Exon 12 1453G>A D485N No ND 3

FRAMESHIFT

17 1d 82 15 ND Exon 1 141_142delTT F36X
√

Carrier 4

18 1m 79 10 6.3 Exon 3 330dupC T111HfsX11
√

Carrier 3

19 2m 94 19 5.1 Exon 4 466-467insA R148fsX168
√

Carrier 3

20 1d 92 9 ND Exon 4 473-474insCA Q158fsX261
√

ND 3

21 3m ND 26 ND Exon 4 486delA P163QfsX98
√

ND 4

22 7d 80 24 5.2 Exon 7 600delC P189fsX260 No Carrier 3

23 1m 78 36 5.8 Exon 7 621-622delGG G196fsX205 No Carrier 3

24 8m 88 20 5 Exon 7 681-693ins“CAGCAC

CTGGACC”

p220fsX225 No Carrier 4

25 3d 68 18 5.5 Exon 10 1126delA R364fsX444 No ND 4

26 1d 80 22 ND Exon 10 1305_1306insG G424fsX494
√

Carrier 3

27 10m 102 6 7.6 Exon 10 1329delG G432fsX444
√

Carrier 4

SPLICE SITE

28 1m 121 56 ND Intron 1 IVS1-1G>A predicted aberrant spicing
√

Carrier 3

29 1m 114 11 7.6 Intron 5 IVS5-1G>C predicted aberrant spicing
√

Carrier 3

30 2m 98 15 5.5 Intron 7 IVS7-1G>A Predicted splice error No Carrier 4

31 1d 68 10 7.6 Intron 7 IVS7-1delG predicted splicing error No Carrier 5

32 14d 118 56 ND Intron 7 IVS7+2T>C predicted aberrant spicing
√

ND 4

33 1m 60 9 6.9 Intron 8 IVS8-1G>A predicted aberrant spicing
√

No 4

34 2d 81 14 6.1 Intron 8 IVS8+1G>A Predicted aberrant splicing
√

Carrier 3

35 1d 90 18 5.6 Intron 8 IVS8+3G>C predicted aberrant spicing
√

Carrier 1

36 1m 104 15 8.2 Intron 8 IVS8+5G>A predicted aberrant spicing No Carrier 3

37 1d 67 5 7.6 Intron 10 IVS10-1G>T predicted aberrant spicing
√

ND 3

38 2d 139 22 ND Exon 7 721G>T G229G, predicted aberrant

splicing

√
Carrier 3

COMPLEX

39 5m 125 9 5.1 Exon 1 69G>C+ 96delA G12A+N21fsX44 No Carrier 4

40 6m 95 85 ND Exon 11 1410C>T+ 1455T>A P459L+M474K No Carrier 3

41 2m 94 15 6.4 Large deletion of the whole gene Predicted no mRNA / ND 3

42 5d ND 2 7.3 Large deletion of the whole gene Predicted no mRNA / ND 4

ND, not done.
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patients progressed to a score of 5 after developing autoimmune
diseases (P6 and P31 had autoimmune hemolytic anemia, P8 had
autoimmune hemolytic anemia, and IgA nephropathy) (Table 2).

Laboratory Examination of
WAS/XLT Patients
All patients had low platelet counts vary from 2 to 85 ×
109/L. Twenty-five patients had MPV detection among which 16
patients (64.00%) had small platelet size (normal range [6.5–11]
fl). There was no correlation between the severity of anemia and
the level of platelets (p > 0.05).

Eosinophils (EOS) were available in 42 patients, which varied
from 140 to 3,210 × 106/L. The median EOS count was 418 ×
106/L, and 29 patients (69.05%) had elevated EOS counts (normal
range<300× 106/L).

Data on IgG/A/M and IgE were available in 33 and 20 patients,
respectively. Because many patients were misdiagnosed with ITP
before WAS genetic testing was done, many patients used IVIG
before IgG/A/M detection. Therefore, IgG was analyzed in 14
patients after we discarded this part of patients. Low serum
IgG (<4 g/L) was present in 28.57% of patients, while only one
(6.67%) had raised IgG (>10 g/L), and 9 patients (64.29%) had
normal serum IgG level. IgA was analyzed in 33 patients, 19 of
whom (57.58%) had normal IgA. Twelve patients (36.36%) had
raised IgA (>0.76 g/L), while low serum IgA (<0.1 g/L) was
present in 6.06% of patients. Low serum IgM (<0.5 g/L) was
present in 39.39% of patients, while six (18.18%) had raised IgM
(>1.25 g/L), and 14 patients (42.42%) had normal serum IgM.
Serum IgE was elevated in 70.00% (14/20) of them.

Data on lymphocyte subset were available in 34 patients.
Diminished CD3+ T lymphocyte count was found in 21
patients (61.76%), and reversed CD4/CD8 ratio was found in 16
patients (47.05%). Sixteen patients (47.05%) had raised CD19+B
cell count.

Association Between Lymphocyte Subsets
and Was Clinical Scores
We divided the 34 WAS patients into four groups according
to clinical score and then examined the relationships between
the percentiles and of lymphocyte subsets and clinical scores.
Though there was no correlation between the lymphocyte subset
and WAS clinical score, patients with a clinical score of 1–2 had
significantly higher percentages of CD3+ T cells than those with
a score of 5 (p < 0.05).

Mutations of WAS/XLT Patients
We identified and characterized at total of 42 unique WASP
mutations, including 2 large deletions of the whole gene in 42
patients with WAS/XLT from 42 unrelated families of which 19
had not been previously reported. Genetic investigations of the
maternal carrier status were carried out in 30 mothers and 29
were confirmed to be heterozygous for the mutation detected in
their children.

As shown in Table 2 and Figure 1, the most common
mutations were splice site mutations (n = 11), situated
preferentially in introns 1, 5, 7, 8, and 10, followed by missense
mutations (n = 9), distributed predominantly in exon 2, which

encodes for the EVH1 domain. Nonsense mutations (n= 7) were
located throughout theWAS gene. Deletion (n= 6) and insertion
mutations (n= 5) resulting in frame shifts and early termination
of transcription were also distributed throughout the WAS gene.
Complex mutation made up 9.52% of the mutations identified,
and 2 patients had large deletions of the whole gene, predicted to
result in no protein expression.

Most patients with XLT (2/3, P11, and P13) had missense
mutations, which were mostly located in exon 2. Patients
with classic WAS had non-sense mutations, deletions/insertions
mutations, or splice site mutations. Exon 2 was also the hotspot of
missense mutations (5/9, 55.56%). Intron 7 and Intron 8 were the
hotspots of splice site mutations (8/11, 72.72%) (Figure 1). We
found no correlation between mutation type and clinical score
(p > 0.05, Figure 2).

Treatment and Outcomes of
WAS/XLT Patients
Thirty-one patients (73.81%) were treated with IVIG because
many patients (28, 66.67%) were misdiagnosed with ITP,
confirmed by bone marrow smear, before WAS gene mutation
was found. Six patients (19.35%) initially respond to IVIG,
but platelets dropped again a few days later. No patient
underwent splenectomy.

As shown in Table 3, HSCT was performed in eight patients.
Age at transplantation ranged from 0.5 to 4 year (median, 1
year). The hematopoietic stem cell source was peripheral-blood
stem cells (PBSCs) in 6 patients, cord blood in P21 and cord
blood plus PBSCs in P36 for a mismatched related donor (5/10).
P22 underwent HLA-matched sibling PBSC transplantation, the
donor being his dizygotic twin brother. Four patients (P5, P11,
P13, and P22) were fully matched HLA from unrelated donor.
Two (P6 and P42)were mismatched HLA at one locus (9/10),
and the other two patients (P21 and P36) were mismatched HLA
at three or even five loci. A conditioning regimen containing
busulfan (20 mg/kg total dose), cyclophosphamide (200 mg/kg
total dose), and antithymocyte globulin (ATG) (15 mg/kg total
dose) was used in the patients. All patients received cyclosporine
and methotrexate for GVHD prophylaxis. Acute grade I-II
GVHD occurred in six patients (P5, P6, P11, P13, P21), while
P36 and P42 had grade III GVHD. All these patients exhibited
full chimerisms after transplantation and have survived thus far.

Five patients out of 42 had died at follow-up. Three died of
severe infection (P7, P17, and P32), and two died of intracranial
hemorrhage (P18 and P31). Eight patients were lost to follow-up
for various reasons, and the other 29 patients were still alive but
21 patients still suffering from recurrent infections and bleeding.

Comparison Between WAS/XLT Patients
and ITP Patients
The rest of 36 patients suspected to haveWAS finally did not have
a WAS gene mutation. Thirty (83.33%) of them were diagnosed
with ITP. Of the other 6 patients, two had symptoms secondary
to CMV infection. The other four were diagnosed with Evans
syndrome, Langerhans cell histiocytosis (LCH), aplastic anemia
and systemic lupus erythematosus (SLE), respectively (Figure 3).
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FIGURE 1 | WASP mutations identified in 42 patients. EVH1, Ens/VASP homology 1 domain; BR, basic region; GBD, GTPase bending domain; PPPP, proline-rich

region; VH, verprolin homology; CH, cofilin homology; AR, acidic region.

FIGURE 2 | Relationship between mutation type and clinical scores.

We compared the clinical data and related laboratory results
between the WAS/XLT and ITP patients.

Eczema is one of the characteristic findings that originally
differentiated WAS/XLT from ITP. Twenty-eight patients in the
WAS/XLT group had eczema (28/42, 66.67%), while only 8
patients in ITP group had eczema (8/30, 26.67%) (p= 0.001).

As shown in Figure 4, the median onset age of WAS/XLT
(n = 42) was far earlier than that of ITP (n = 30) [1 month (1
day−10 months) vs. 4.8 months (1 day−2 years), p = 0.001].
However, there was no difference in diagnosis age between the
two groups (p = 0.115). The PLT level of WAS/XLT was higher
than that of ITP (20.98 ± 2.55 vs. 10.83 ± 1.39, p = 0.003).
Data on MPV in WAS/XLT and ITP were available in 25 and
17 patients, respectively, because the MPV could not be detected
when the PLT count was very low. Though theMPV inWAS/XLT
patients was smaller than that in ITP patients (6.31 ± 1.15 vs.
7.85 ± 0.92), the difference was not statistically significant (p =
0.116). The median EOS count in WAS/XLT patients was higher
than that in ITP patients (410 vs. 110, p= 0.001).

Considering the differences in immunoglobulin levels and
lymphocyte subset distributions in different age groups, we
examined the differences in the immunoglobulin level and
absolute counts of distinct lymphocyte subsets between 19 WAS
patients and 19 age-matched ITP patients. Paired t-test was used
to compare the data between the two groups.

The IgE level in the WAS/XLT group was much higher than
that in the ITP group (602.6 1 ± 121.91 vs. 81.45 ± 19.02, p
< 0.001). The IgM level in the WAS group was lower than that
in the ITP group (0.59 ± 0.08 vs. 1.12 ± 0.19, p = 0.016). The
differences in IgG and IgA between the two groups were not
statistically significant (Figure 4).

There was no significant difference in total lymphocyte count
between the two groups (2450 ± 85.83 vs. 2285 ± 86.95, p =
0.602). The absolute number of CD8+ T cells was significantly
lower in the WAS patients than that in ITP patients (453.42 ±
65.97 vs. 682.41 ± 59.41, p = 0.014). The ratio of CD4/CD8 was
higher in the WAS patients than that in the ITP patients (2.69 ±
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0.48 vs. 1.22± 0.14, p= 0.006). The absolute number of NK cells
in theWAS group were higher than that in the ITP group (540.62
± 81.41 vs. 226.53 ± 40.65, p = 0.001). The differences between
the two groups in CD3+, CD4+ T cells, and CD19+ B cells were
not statistically significant (Figure 4).

The above analysis is based on univariate analysis. In order
to verify the difference between the two groups again, we used
multivariate analysis by Sidak’s multiple comparisons test and
found that the differences between the two groups in onset age,
PLT level, EOS counts, IgE level, CD8+ T cell count and NK cell
count were also statistically significant (p = 0.005, 0.023, 0.001,
0.001, 0.045, 0.008, respectively).

DISCUSSION

In China, the diagnosis of WAS has improved substantially over
the last decade, and many cases have been reported already
(23, 24), although a much higher number of cases had been
expected. Typical WAS can be straightforwardly diagnosed in
children with positive family histories and typical signs. However,
the diagnosis may be delayed in children without family histories
or with milder phenotypes, such as XLT, particularly among
infants. Furthermore, WAS/XLT is ultimately diagnosed in 7%
of patients with conditions that are often mistaken for ITP (25).
Many WAS/XLT patients are initially diagnosed and treated for
ITP, which could delay the life-saving definitive therapy, as the
earlier the HSCT treatment is performed, the higher the survival
rate is.

As far as we know, there are very limited reports on the
comparison of clinical and laboratory characteristics between
WAS and ITP. The differentiation of WAS and ITP has only
been studied by Sokolic et al. (26). They observed that WAS
patients have a low immature platelet fraction (IPF) compared
with ITP and concluded that IPF is a convenient and readily
available platelet parameter to differentiate these two syndromes.
This is very valuable and useful for pediatricians. However,
this detection method is not widely used in most developing
countries which limited its application. By comparing the clinical
and laboratory data of WAS/XLT and ITP patients, we also
found some clues to distinguish them before genetic diagnosis.
And these findings may be complementary to that of Candotti
and colleagues.

Onset Age
WAS is a congenital hereditary disease, so the onset age may
be in early childhood. The median onset age of our 42 patients
was 1 month (range: 1 day−10 months) which is similar to that
in Zhao’s study. The median onset age of their patients was 0.5
month (range:1 day−51.6 months) (n = 81) (24). The onset age
of XLT seemed to be later than that of classic WAS (2.0–74.6
years, n = 173) (27). In addition, the onset age of WAS patients
assigned a score of 5 seemed to be earlier (median: 6.2 months,
range: 2–22.5 months, n = 26) (28). Our study found that the
onset age was not correlated with the score. Due to the limited
number of XLT patients in our cohort, we did not compare that
between XLT and classic WAS patients. However, we compared
the onset age of WAS/XLT patients with that of ITP patients.
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FIGURE 3 | The clinical course of patients suspected to have WAS. MUD, matched unrelated donor; PMUD, partially matched unrelated donor; MSD, matched-sib

donor; MMRD, mismatched related donor; ITP, idiopathic thrombocytopenic purpura; SLE, systemic lupus erythematosus; LCH, Langerhans cell histiocytosis; HSCT,

hematopoietic stem cell transplantation.

The onset age of WAS/XLT was far earlier than that of ITP
in our study. In childhood, the peak onset age for ITP is 2–4
years (29). Though there are still infants, even newborns, with
ITP, patients with early-onset ITP, especially <1-year-old, should
undergo WAS genetic screening as early as possible.

MPV and PLT Level
MPV used to be a useful tool to differentiate WAS/XTL and
ITP. However, microthrombocytopenia may occasionally not be
present, and someWAS patients have been found to have normal
MPV (15, 16) or macrothrombocytopenia (2, 17). Though the
MPV in WAS/XLT patients in our study was smaller than that
in ITP patients, the difference was not statistically significant.
So, MPV may only be of some significance in prompting the
diagnosis of WAS/XLT, but it cannot be used as a reliable
diagnostic clue. Interestingly, we found that the PLT level of
WAS/XLT patients was higher than that of ITP. From the point
of view of pathogenesis, both syndromes have impaired platelet
production and increased platelet destruction. The mechanisms
needed to be clarified.

No clear correlation between platelet count and risk for severe
bleeding in WAS/XLT patients was found in our study. This was
also consistent with a retrospective analysis in a large cohort of
XLT patients (27).

Eczema EOS and IgE
Eczema is one of the typical findings that differentiate WAS
from ITP. However, XLT patients have either mild and transient
eczema or none at all (30). Our study found that the incidence of
eczema in WAS/XLT patients was significantly higher than that
in ITP patients. Eczema can still be used as an effective clinical
clue to distinguish them. It has been hypothesized that defective

chemotaxis of DCs and Langerhans cells plays a role in the local
generation of antigen-specific T cells that are responsible for the
development of eczema (31).

The EOS count and IgE level in the WAS/XLT group were
much higher than those in the ITP group. Although higher IgE
may represent a possible cause of eczema, the correlation between
increased IgE and eczema has not yet been demonstrated. WAS
T-cell lines have a selective defect in TH1 cytokine production,
and WASP-deficient mice develop a skewed TH2 phenotype,
supporting the hypothesis that eczema and high IgE in patients
with WAS are related to a TH2 imbalance (32, 33). However,
the mechanism driving the eosinophilia is unclear (34). Elevated
level of EOS counts and IgE can be a clinical clue to distinguish
WAS/XLT and ITP. Further study is needed to clarify the
mechanisms of these perturbations.

Lymphocyte Subsets
A distribution disorder of immune subsets was found in our
study. We found increased NK cell numbers but diminished
CD8+T lymphocytes in WAS/XLT patients.

The data are highly informative in revealing a significant
decrease in T lymphocytes, especially CD8+ T lymphocytes.
This is consistent with the early onset of recurrent infections
in patients with WAS. As we known, CD8+ T cells play critical
roles in in anti-virus efforts and cancer surveillance. A significant
proportion of patients withWAS present chronic viral infections,
most commonly involving members of the herpes virus family.
This is associated with an intrinsic defect in the ability of CD8+

T cells to kill target cells presenting viral epitopes combined
with a reduced priming due to the inability of DCs to produce
type I IFN. Additionally, WAS patient CTLs display a reduced
cytotoxicity against tumoral B cell lines that can be rescued by
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FIGURE 4 | Comparison between WAS patients and ITP patients. (A) The comparison of onset age, PLT, EOS, and MPV between the two groups. The differences in

the former three were significant (p < 0.01). (B) The comparison of IgG, IgA, IgM, and IgE between the two groups. The differences in the latter two were significant

(p < 0.05). (C) The comparison of lymphocytes subsets between the two groups. The differences in CD8+ T cell count, the ratio of CD4/CD8 and NK cell count were

significant (p < 0.05).

restoring WASP expression by means of a lentiviral vector (35).
One study suggested that the patients’ decreased cell numbers
were due to deficient output, possibly resulting from impaired
lymphocyte maturation (36). The findings suggest “enhancement
of lymphocyte output” as a potential clinical target for future
therapeutic interventions.

Mutations in WAS/XLT
We identified 42 mutations, including 2 large deletions of
the whole gene, of which 19 had not been previously

reported. The mutation types were similar to those reported
by others (24, 37, 38). Ochs (37) reported 141 unique
mutations from 227 WAS/XLT families, mostly Europeans
and Americans, with a total of 262 affected members, and
identified 5 mutational hotspots in the WASP gene: 168C>T,
290C>N/291G>N, IVS+5g>a, 665C>T, and IVS8+1g>n. The
J Project Study Group in European reported 87 affected
males and 48 carrier females from 77 WAS families and
identified 62 unique mutations, including 17 novel sequence
variants. They identified that the most commonly affected amino
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acids were Arg86 and Asp224 (38). Whereas, Liu et al. (24)
in China identified 60 unique mutations from 75 unrelated
families with a total of 81 affected members and found eight
hotspots including four point mutations (155C>T,168C>N,
290C>N/291G>N, and 665C>T), one frameshift mutation
within the coding region (797delC), and three splice site
mutations (IVS1+1g>n, IVS3+1g>n, IVS7+2t>c). We can
see that 168C>T, 290C>N/291G>N, and 665C>T were the
common hotspots regardless ethnic origins. No mutational
hotspots were found in our study. The reason for this may be the
relatively small number of patients.

Most patients with XLT (2/3, P11, and P13) in our study had
missense mutations, which were mostly located in exon 2. This
is consistent with other reports. Missense mutations in exons
1 and 2 of the gene (affecting the EVH1 domain) are most
often identified in patients with a milder variant of the disease,
XLT (39).

Two large deletions of the whole gene (P41 and P42) were
identified in our study. To the best of our knowledge, only one
case of whole-exon deletion has been reported in China, and
two cases in the world (40). The onset age of P41 was 2 months
old, and his disease manifested as intestinal infection, recurrent
thrush, eczema, and skin hemorrhage, and hemangioma and
he was given a score of 3. He had positive family history.
The lowest PLT was 15 × 109/L and the MPV was 6.4fl. EOS
counts varied from 1.78 to 3.0 × 109/L, and IgE was 172 IU/ml.
Serum IgA and IgG were elevated, which may be associated
with intravenous Ig therapy. IgM increased significantly, and this
may have been associated with intestinal infection and thrush.
The age of onset of P42 was 5 days after birth, with severe
bleeding (skin, digestive tract, and nasal cavity) and infections.
He even had respiratory failure due to severe pneumonia that
required ventilator-assisted ventilation. The lowest PLT was 2
× 109/L and the MPV was 7.3 fl. Both patients had reduced T
cell counts whereas B lymphocyte numbers increased, which is
consistent with other studies (37, 40). Neither autoimmune or

tumor diseases were identified in either patients, which may be
associated with the young age of the patients, and unfortunately,
P41 was lost to follow-up. P42 had HSCT and still alive and
be well-being. It seemed that patients with large deletion of the
whole gene would had severe symptoms, but it still need further
study due to the limited cases identified and the short duration of
the disease. Furthermore, the mechanism needs to be clarified in
further study.

Does Patients With XLT Require HSCT?
Whether XLT patients require HSCT is a difficult problem
to decide. Three patients with XLT (P11 and P13) in our
cohort underwent HSCT and survived well. P11 had a missense
mutation (257G>A, V75M), which had been reported by Kolluri
et al. (41). Their patient was diagnosed with WAS at the age
of 16 and underwent splenectomy for hypersplenism due to
long-term thrombocytopenia at the age of 10. P13 had family
members who died of severe infections. For these reasons, both
of them were advised to proceed HSCT. Previous studies have
shown that only 35% ofWASp-negative patients, especially those
aged below 2 years, were found with clinical scores ranging
from 1.0 to 2.5, indicative of milder phenotypes; noticeably, an
even lower proportion (7%) of WASp-negative patients had mild
phenotypes when evaluated at older ages (>2 year) (37).This
provides evidence that a mild XLT phenotype may gradually
evolve to a more severe disease, and this evolution may take
several years. If economic conditions permit, HSCT might be
considered a viable option for patients with XLT if a human
leukocyte antigen-identical donor can be identified. But it still has
to be decided on an individual patient basis.

In the present study, no tumor diseases were identified, which
may be associated with the young age of the patient and the short
duration of the disease. Limitations of this study include its small
sample size and relatively short follow-up time.

At the beginning, we used flow cytometry to detect WASp in
several patients, but it did not match the results of gene detection.

FIGURE 5 | Flow cytometry analysis of the WASp expression of one patient. M1, isotype-matched control mouse IgG2a mAb stained; M2, purified mouse anti-human

WASp mAb stained. (A) WASp expression level of normal control. (B) WASp expression level of one patient (P22) with WAS gene mutation.
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For example, P22 had mutation of 600delC in Exon 7, however,
his WASP expression was almost normal (Figure 5). The reason
for this may be that some districts in WAS gene seem to be more
important for the WASp expression and function. It is reported
that patients with missense mutations allowing expression of
mutated WASp and those with splice anomalies, which result
in generation of multiple products, including normal WASp
(24). Therefore, the latter patients did not undergo this test.
And this may miss some patients who had reduced or absent
expression of WASP but without the mutation in exon (and
adjuscent intron) region. This is also one of the shortcomings of
this study.

The primay purpose of this study is to find clues to distinguish
WAS from ITP clinically before genetic diagnosis because we
found many gene confirmed WAS patients had been initially
diagnosed as ITP and been treated as ITP which delayed the
effective treatment of WAS. But we are deeply aware that if these
differences that can be used to distinguish patients with only
bleeding and/or thrombocytopenia or XLT and WAS, it will be
of greater significance to clinicians. But due to the limited cases
of XLT in our cohort (only 3 patients diagnosed to have XLT and
also only these 3 patients had thrombocytopenia and/or bleeding
as the only clinical presentation), It is difficult to make statistical
analysis. We need more XLT patients to further confirm this in
our future study.

CONCLUSION

The WAS gene diagnosis should be considered in all males
with ITP-like features, especially for patients with a very early
onset age, decreased MPV (<6.5 fl), higher EOS counts and
elevated IgE level, increased NK cell number, diminished CD8+T
lymphocyte count.
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