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Abstract

Wiskott–Aldrich syndrome (WAS) is an X-linked recessive primary immuno-
deficiency disorder caused by mutations in the gene encoding the WAS protein
(WASP). Classic WAS is characterized by thrombocytopenia with small-sized
platelets, recurrent infections, eczema and increased susceptibility to autoim-
mune diseases and haematologic malignancies. Here, we reported on seven
unrelated Thai individuals with classic WAS. In addition to clinical and
immunologic characterization, mutation analysis by PCR-sequencing the entire
coding region of WASP was performed. Recurrent and novel mutations were
successfully identified. A nonsense mutation, the c.55C>T (p.Q19X), has not
been previously described, expanding the mutational spectrum of WASP. The
patient with this newly described mutation developed cow’s milk allergy
manifesting as angioedema and urticaria and had cytomegalovirus infection that
was successfully treated with long-term ganciclovir. This study reported long-
term follow-up of seven patients with molecular confirmation of WAS and
infrequent features in the patient with classic WAS carrying the novel nonsense
mutation.

Introduction

Wiskott–Aldrich syndrome (WAS; MIM 301000) is an
X-linked recessive primary immunodeficiency disorder
caused by mutations in the gene encoding the WAS protein
(WASP). WASP mutations result in a wide spectrum of
clinical phenotypes. The most severe form, classic WAS, is
characterized by thrombocytopenia with small-sized plate-
lets, recurrent infections, eczema and increased suscep
tibility to autoimmune diseases and haematologic malig-
nancies. The milder form, X-linked thrombocytopenia
(XLT; MIM 313900), is usually limited to thrombocytope-
nia with absent or minor infections and eczema [1–4].
Patients with severe WAS mostly die from infection or
bleeding within the first decades of life. Hematopoietic stem
cell transplantation (HSCT) remains the only curative
therapy for WAS [5, 6].

The WASP gene contains 12 exons with coding regions
of 1823 bp. Its gene product, WASP, contains 502 amino
acids and has five major functional domains involved in
intracellular signalling and actin cytoskeleton reorganiza-
tion in response to cell stimulation. The WASP is
predominantly expressed in hematopoietic cell lineages.
Absent or defective WASP leads to dysfunctions in
different leucocyte subgroups involved in innate, humoral
and cellular immunity as well as impaired platelet
formation [2, 7].

At least 300 different disease-causing mutations in
WASP have been identified with the most common being
missense mutations (Human Gene Mutation Database,
http://www.hgmd.cf.ac.uk, accessed July, 2012) [8–10].
Six mutational hotspots are also described. Loss-of-function
mutations in the WASP gene are responsible for WAS and
XLT, whereas gain-of-function mutations in the region
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encoding the conserved GTPase binding domain of WASP
lead to X-linked congenital neutropenia [8, 11, 12].

Here, we described seven unrelated Thai patients with
classic WAS including rare manifestations and identified a
novel nonsense mutation.

Materials and methods

Patients

Seven unrelated patients from different families including
one previously reported were included in this study [13].
Diagnosis of classic WAS was based on clinical manifes-
tations of thrombocytopenia, recurrent infections and
eczema. The patients’ age of onset ranged from 6 days
to 8 months. The patients aged from 4 months to 5 years
at the time of diagnosis. Using previously published
scoring criteria [14], patients were assigned scores to
describe their clinical severity. All patients had scores of 4
or higher. Clinical details and laboratory findings are
shown in Table 1. Of these seven patients, two received
HSCT.

The study was approved by the institutional review
board of the Faculty of Medicine of Chulalongkorn
University, and written informed consent was obtained
from each family in accordance with the Declaration of
Helsinki.

WASP mutation analysis

Peripheral blood samples were collected from the probands
and their available parents. Total RNA and genomic DNA
were extracted from peripheral blood leucocytes using
Qiagen RNA and DNA extraction kits (Qiagen, Valencia,
CA, USA). Reverse transcription was performed using
ImProm-IITM reverse transcriptase (Promega, Madison,
WI, USA), according to the manufacturer’s recommenda-
tions. WASP entire coding regions were PCR-amplified
and sequenced as previously described [13]. The patient in
which no mutation was detected in the coding region was
screened for mutations in the WASP promoters [15] and
evolutionarily conserved intronic regions predicted by the
Alamut® software (Interactive Biosoftware, http://www.
interactive-biosoftware.com). Primers and PCR conditions
were shown in Table 2. Sequence data were analysed using
Sequencher version 5.0 (Gene Codes Corporation, Ann
Arbour, MI, USA). Mutations found in the patients were
confirmed by direct sequencing of the genomic DNA
using a set of primers and parameters according to their
mutation sites. Identified mutations were confirmed by
direct sequencing in the opposite direction. The available
parents were also tested for the identified mutation by
PCR-sequencing. The nucleotide position is in accordance
with the WASP mRNA (Genbank Accession No.
NM_000377). T

ab
le

1
C
li
n
ic
al
an
d
m
ol
ec
u
la
r
ch
ar
ac
te
ri
st
ic
s
of

T
h
ai
p
at
ie
n
ts

w
it
h
cl
as
si
c
W
A
S.

C
as
e

n
o.

A
g
e
of

on
se
t

A
ge

at

d
ia
g
n
os
is

F
ir
st

m
an
if
es
ta
ti
on

O
th
er

fe
at
ur
e

P
la
te
le
t

co
u
n
t
(/
u
l)

P
la
te
le
t

vo
lu
m
e
(fl
)

H
SC

T
Sc
or
e

M
u
ta
ti
on

M
ot
h
er

as

a
ca
rr
ie
r

In
fe
ct
io
n

A
g
e
at

la
st

fo
ll
ow

-u
p

1
6
d
ay
s

1
ye
ar

B
lo
od
y
st
oo
l

A
IH

A
7
4
,0
0
0

5
.2

N
D

5
c.
1
5
0
7
T
>
A
(p
.X
5
0
3
R
)

P
os
it
iv
e

P
n
eu
m
on
ia
,
ch
ro
n
ic

co
li
ti
s,

ch
ro
n
ic

O
M
,
p
er
io
rb
it
al
ce
ll
u
li
ti
s

1
1
ye
ar
s
an
d

8
m
on
th
s

2
4
m
on
th
s

1
ye
ar

B
lo
od
y
st
oo
l

A
bs
en
t

4
1
,0
0
0

5
.0

1
ye
ar

an
d

4
m
on
th
s

4
N
o
m
u
ta
ti
on
s
in

th
e
co
d
in
g
,

p
ro
m
ot
er

an
d
co
n
se
rv
ed

in
tr
on
ic
re
g
io
n
s

N
/A

P
n
eu
m
on
ia
,
A
R
D
S,

C
N
S
in
fe
ct
io
n
,
d
ia
rr
h
oe
a

8
ye
ar
s

3
1
m
on
th

1
ye
ar

B
lo
od
y
st
oo
l

A
bs
en
t

2
9
,0
0
0

8
.0

N
D

4
c.
1
2
7
2
in
sG

(p
.G
4
2
4
G
fs
X
4
9
4
)

P
os
it
iv
e

P
n
eu
m
on
ia
,
sa
lm

on
el
la
-

d
ia
rr
h
oe
a

3
ye
ar
s
an
d

9
m
on
th
s

4
1
9
d
ay
s

2
ye
ar
s

B
lo
od
y
st
oo
l

A
bs
en
t

7
,4
00

5
.3

2
ye
ar
s
an
d

5
m
on
th
s

4
c.
2
5
6
C
>
T
(p
.R
8
6C

)
N
eg
at
iv
e

P
n
eu
m
on
ia
,
in
fe
ct
iv
e

d
ia
rr
h
oe
a

8
ye
ar
s
an
d

1
1
m
on
th
s

5
5
m
on
th
s

5
ye
ar
s

P
n
eu
m
on
ia

an
d
/

b
lo
od
y
st
oo
l

A
bs
en
t

4
,0
00

7
.2

N
D

4
IV
S8
+
3
to

6
d
el

G
A
G
T

P
os
it
iv
e

P
n
eu
m
on
ia
,
ch
ro
n
ic

O
M
,

sa
lm

on
el
la
d
ia
rr
h
oe
a

6
ye
ar
s

6
8
m
on
th
s

1
ye
ar

an
d

5
m
on
th
s

E
p
is
ta
xi
s/

p
et
ec
h
ia
e

A
IH

A
1
3
,0
0
0

4
.1

N
D

5
c.
2
5
7
G
>
A

(p
.R
8
6H

)
N
/A

C
h
ro
n
ic
O
M
,
re
cu
rr
en
t

sk
in

ab
sc
es
s

4
ye
ar
s

7
7
d
ay
s

4
m
on
th
s

P
n
eu
m
on
ia

A
bs
en
t

2
7
,0
0
0

7
.0

N
D

4
c.
5
5
C
>
T
(p
.Q
1
9
X
)

N
eg
at
iv
e

P
n
eu
m
on
ia
,
se
p
ti
c
sh
oc
k
,

C
M
V
in
fe
ct
io
n
,
C
N
S
in
fe
ct
io
n

2
ye
ar
s
an
d

6
m
on
th
s

H
SC

T
,
h
em

at
op
oi
et
ic
st
em

ce
ll
tr
an
sp
la
n
ta
ti
on
;
A
IH

A
,
au
to
im

m
u
n
e
h
ae
m
ol
yt
ic
an
ae
m
ia
;
O
M
;
ot
it
is
m
ed
ia
;
A
R
D
S,
ac
u
te
re
sp
ir
at
or
y
d
is
tr
es
s
sy
n
d
ro
m
e;
C
N
S,
ce
n
tr
al
n
er
vo
u
s
sy
st
em

;
C
M
V
,
cy
to
m
eg
al
ov
ir
u
s;
N
D
,

n
ot

d
on
e;
N
/A
,
n
ot

av
ai
la
b
le
.

Scandinavian Journal of Immunology, 2013, 77, 69–74

70 Recurrent and Novel Mutations in Thai Patients with WAS P. Amarinthnukrowh et al.
..................................................................................................................................................................



Results

Clinical characteristics and immunologic features

All patients had clinical features consistent with the classic
WAS, including thrombocytopenia with small-sized plate-
lets, recurrent infections and eczema. The patients’ age of
onset ranged from 6 days to 8 months. Bleeding was the
first manifestation in the majority of cases (85.7%, 6/7
cases) in which bloody stool was the most frequent
presenting symptoms (71.4%, 5/7 cases). One patient
was initially presented with pneumonia and hepatospleno-
megaly. Cytomegalovirus (CMV) infection was subse-
quently confirmed. Of all the patients with recurrent
infections, pneumonia was the most commonly found
(85.7%, 6/7 cases). Other infections included central
nervous system infections, infective diarrhoea caused by
Salmonella, otitis media, sepsis and perianal abscess. The
patients’ clinical features are summarized in Table 1.

Immunoglobulin levels and lymphocyte subsets were
evaluated in all patients (Table 3). Of these seven patients,
higher IgE levels were detected in six (85.7%). Most
however had normal IgG, IgA and IgM levels. A CD4/CD8
ratio < 1 was detected in three patients (42.9%). Two
patients had a score of 5 as they developed autoimmune
haemolytic anaemia (AIHA) at the age of 7 years (case 1)
and 1 year and a half (case 6).

Regular intravenous immunoglobulin (IVIG) with a
dose of 400 mg/kg/month was given to all patients. None
underwent splenectomy. Two (cases 2 and 4) received
HSCT at the age of 1 year and 4 months and 2 years and
5 months, respectively. The stem cell source was bone
marrow from unrelated cord blood (case 2) or an HLA-
matched sibling (case 4). Both had normal platelet counts
within 2 months after HSCT and were alive. Of the
patients without HSCT, one died at the age of 4 years due
to intracerebral bleeding.

Cytomegalovirus infection was found in one patient
(case 7) who presented with tachypnea at 2 months of age.
He was the first child and born at term to nonconsan-
guineous parents after an uneventful pregnancy and
delivery. His birth weight was 2970 g with head circum-
ference of 30 cm (< 3rd centile). At the age of 2 months,
his weight was 3220 g (< 3rd centile) with a length of
52 cm (< 3rd centile) and head circumference of 33 cm
(< 3rd centile). He was moderately pale without petechiae.
He had crepitation on both lungs and hepatosplenomegaly.
Complete blood counts showed haemoglobin (Hb) 5.9 g/
dl, white blood cells 15,790/µl (53% neutrophils, 37%
lymphocytes, 7% monocytes and 3% eosinophils) and
platelets 27,000/µl with a mean platelet volume of 7 fl.
Chest x-rays revealed patchy infiltration of both lower
lungs. Examination of the bone marrow aspirate revealed
hypercellularity with increased megakaryocytes compatible

Table 2 Primers and PCR conditions for sequence analysis of the WASP promoter and conserved intronic regions.

Primer name Primer sequences from 5′ to 3′ Annealing temp (°C) Product size (bp)

WASP AP-F GGGACCCGACTTCAGTCATC 60 580

WASP AP-R GAAGTCTCCTCCCAGTCCCT

WASP PP-F GTCAAGTGGAGGAGGGTTCC 58 317

WASP PP-R AAGAGTCGCTGGTTCTCGTG

WASP intron 2F GACTTGCAAGCCAGTTCTCA 60 978

WASP intron 2R TTTCAGCTCAGCACCAGAGA

WASP intron 7F CCCAGTGGACCCACAGATTC 62 1183

WASP intron 7R TTTGGAAGGGTGGGTGGAAG

AP, alternate promoter; PP, primary promoter.

Table 3 Immunologic findings of Thai patients with classic WAS.

Patient

Immunoglobulin Percent of lymphocytes

IgG (mg/dl)

(700–1600)
IgA (mg/dl)

(70–400)
IgM (mg/dl)

(40–230)
IgE (IU/ml)

(< 100)

CD3 (%)

(46.2–82.7)
CD19 (%)

(7.7–25.4)
CD4 (%)

(24.1–50.7)
CD8 (%)

(17.1–44.6)
CD56 (%)

(3.9–38.5)
CD4/CD8

ratio

1 1641 (↑) 310.7 122 289.6 (↑) 84 (↑) 8 27 49 7 0.55

2 1513 99.8 195.6 359.9 (↑) N/A 3 (↓) 10 (↓) 35 31 0.29

3 2428 (↑) 233.6 181.5 265.8 (↑) 40 (↓) 35 31 4 (↓) 21 7.75

4 1210 152 48.2 261.4 (↑) 54 27 42 10 (↓) 11 4.20

5 909.3 672.9 (↑) 49.9 397.2 (↑) 66 9.8 32.4 25.6 14.1 1.27

6 772 57.1 (↓) 96.3 75.3 73 13 46 23 11 2.00

7 1140 113 59.1 3750 (↑) 79 2 (↓) 11 (↓) 57 18 0.56

N/A, not available.
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with peripheral destruction of platelets. PCR test for CMV
in peripheral blood revealed 5280 copies/ml. At 2 week
follow-up, CMV viral load increased to 79,800 copies/ml.
Treatment with ganciclovir (5 mg/kg every 12 h) was
therefore initiated and continued for 7 weeks when viral
load was reduced to 3120 copies/ml. After discontinuation
of ganciclovir for 3 weeks, an increase in viral load to
57,600 copies/ml was noted. Ganciclovir was therefore
resumed and continued for 6 months until viral load was
below 1000 copies/ml. An ophthalmic exam, audiogram
and brain ultrasonography showed normal findings at
3 months of age. Besides antiviral therapy, antimicrobials
were given due to septicaemia and recurrent pneumonia. At
the age of 4 months, erythematous rashes were found on
his face and gradually spreading to the trunk and
extremities. He also developed urticarial rashes and
angioedema when cow milk was introduced. Immunologic
studies revealed higher IgE levels and an inverted CD4/
CD8 ratio (Table 2). Phytohemagglutinin stimulation test
showed decreased T-cell proliferation. Mutation analysis of
the WASP gene in the patient revealed a de novo nonsense
mutation. At the age of 15 months, the patient had left

cerebellar haemorrhage with communicating hydrocepha-
lus, which was gradually resolved. He was placed on
monthly IVIG and sulfamethoxazole-trimethoprim pro-
phylaxis. At the last visit when the patient was two and a
half years old, he had speech delay but appropriate motor
milestone.

Mutation analysis

PCR-sequencing revealed six different disease-causing
mutations including one being novel in unrelated patients
with clinical manifestations suspected of classic WAS
(Table 1). Two cases harboured hot spot mutations
(p.R86C/H). One patient was hemizygous for a nonsense
mutation in exon 1, c.55C > T resulting in changing a
glutamine at amino acid position 19 into a stop codon
(p.Q19X) (Fig. 1). No other sequence alterations were
found. The nonsense mutation (p.Q19X) presumably
results in the formation of a truncated protein lacking
most of the functional domains. This mutation has never
been previously described. The patient’s mother did not
carry the mutation (Fig. 1).

No causative mutations could be identified in the
coding and promoter regions of WASP in one patient (case
2). A previous study demonstrated disease-causing muta-
tions in the evolutionarily conserved noncoding regions of
the responsible gene [16]. This prompted us to evaluate
evolutionary conservation of nucleotide sequences using the
Alamut® software (Interactive Biosoftware, http://www.
interactive-biosoftware.com) (Fig. 2). In addition to the
highly conserved exonic regions, two intronic regions
(introns 2 and 7) of the WASP were found to have apparent
high evolutionary conservation. PCR-sequencing, however,
did not detect any variants.

Discussion

We previously described the termination codon mutation
in the WASP gene in a Thai family affected with classic
WAS [13]. This study further reported the clinical
manifestations and long-term follow-up of seven unrelated
patients with molecular diagnosis of classic WAS. In

Figure 1 WASP mutation analysis. Upper panel: An electropherogram of

patient 7 shows a hemizygous novel nonsense mutation c.55C>T
(p.Q19X) (arrow). Lower panel: An electropherogram of the patient’s

mother shows normal genotypes.

Figure 2 Evolutionary conservation of nucleotide sequences using the Alamut® software. In addition to the highly conserved exonic regions (black boxes)

of the WASP gene, two intronic regions (introns 2 and 7) (grey line) were found to have high evolutionary conservation. Grey bars indicate evolutionary

nucleotide conservation.
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addition to the previously reported mutation, four different
recurrent mutations were identified, including two mis-
sense mutations, an insertion and a 4-bp deletion in intron
8. One novel nonsense (c.55C > T, p.Q19X) mutation was
also detected.

No causative mutations in the coding, promoter and
conserved intronic regions could be identified in case 2.
The patient had classic WAS with a score of 4, and no
WASP expression could be detected in his cells by
immunoblot analysis (courtesy of Dr. Hubert B. Gaspar
and Dr. Kimberly C. Gilmour, UK). It remains possible
that the mutation could be located in the noncoding parts
of the gene including regulatory regions.

Our patients with classic WAS had the age of onset
ranging from 6 days to 8 months. Of these seven cases,
two developed AIHA, which included the previously
reported patient (case 1) with the c.1507T > A (p.X503R)
mutation (Table 1). As there are no available HLA-
matched donors, this patient has been given monthly
IVIG and sulfamethoxazole-trimethoprim prophylaxis.
The missense mutations (p.R86N) at position 86, one of
the common hot spot mutations found in the WASP gene,
were identified in two unrelated patients. One with a WAS
score of 4 carried the c.256C > T (p.R86C) mutation. The
other with a WAS score of 5 harboured the c.257G > A
(p.R86H) mutation. The missense mutations at position
86 (p.R86N) have been found to be commonly associated
with the XLT phenotype. However, some patients with
these particular mutations can have a more severe pheno-
type with a score of 3–5 [10, 12, 17]. The previously
reported c.1272insG (p.G424GfsX494) and IVS8 + 3 to
6del GAGT mutations in patients with classic WAS were
also detected in the Thai population.

The novel nonsense (c.55C > T, p.Q19X) mutation
expected to result in the formation of a truncated protein
lacking most of the functional domains was identified in one
patient with severe WAS. He developed pneumonia with
hepatosplenomegaly at 2 months of age caused by CMV. As
microcephaly was observed at birth, congenital CMV
infection cannot be excluded. Previous studies described
CMV infection in patients with WAS both prior to and
following HSCT [10, 18–20], and it resulted in a fatal
outcome in the majority of cases. The treatment guideline
for CMV infection in patients with WAS, however, has not
been well established. A small number of WAS patients
with CMV infection have been successfully treated with
1-month ganciclovir followed by 1-month famciclovir [21]
or HSCT [20, 22]. Our patient was successfully treated with
6 months of ganciclovir therapy. Our studies supported the
early and prolonged ganciclovir therapy in WAS patients
with CMV infection for a better outcome.

This patient also developed urticaria and angioedema
caused by ingestion of cow milk. His IgE levels were
3750 IU/ml. This feature was rarely described in WAS.
Whether cow’s milk allergy (CMA) is associated with

WAS remains unclear. As most of the patients with WAS
have markedly elevated serum IgE levels, and CMA can be
IgE-mediated, IgE could be an important contributory
factor in the pathogenesis of CMA in WAS. Further studies
of CMA in WAS patients could lead to new insights into
the immune pathomechanism of CMA.

In summary, we reported the clinical manifestations and
long-term follow-up of seven unrelated Thai patients with
molecular confirmation of WAS. Six different mutations
including one nonsense mutation were identified, expand-
ing the mutational spectrum of WASP. The patient with
this novel mutation had CMV infection, which was
successfully treated with long-term ganciclovir. He also
developed angioedema and urticaria as a result of cow’s
milk allergy.
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