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sis of 2 rare cases of
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Abstract
Rationale: Wiskott–Aldrich syndrome (WAS) is a rare X-linked recessive disease characterized by thrombocytopenia, small
platelets, eczema, immunodeficiency, and an increased risk of autoimmunity andmalignancies. X-linked thrombocytopenia (XLT), the
milder phenotype of WAS, is always limited to thrombocytopenia with absent or slight infections and eczema. Here, we illustrated the
clinical and molecular characteristics of 2 unrelated patients with WAS from Chinese minorities.

Patient concerns: Patient 1, a 13-day-old male newborn of the Chinese Lahu minority, showed a classic WAS phenotype,
including thrombocytopenia, small platelets, buttock eczema, and recurrent infections. Patient 2, an 8-year-and 8-month-old boy of
the Chinese Zhuang minority, presented an XLT phenotype without eczema and repeated infections.

Diagnosis:Next-generation sequencing was performed to investigate the genetic variations. Flow cytometry was used to quantify
the expression of WAS protein and analyze the lymphocyte subsets. A novel frameshiftWASmutation (c.927delC, p.Q310Rfs∗135)
and a known nonsense WASmutation (c.1090C>T, p.R364X) were identified in Patient 1 and Patient 2, respectively. Both patients
were confirmed to have WAS protein deficiency, which was more severe in Patient 1. Meanwhile, the analysis of lymphocyte subsets
revealed an abnormality in Patient 1, but not in Patient 2. Combined with the above clinical data and genetic characteristics, Patient 1
and Patient 2 were diagnosed as classic WAS and XLT, respectively. In addition, many miliary nodules were accidentally found in
abdominal cavity of Patient 2 during appendectomy. Subsequently, Patient 2 was confirmed with pulmonary and abdominal
tuberculosis through further laboratory and imaging examinations. To our knowledge, there have been only a few reports aboutWAS/
XLT with tuberculosis.

Interventions: Both patients received anti-infection therapy, platelet transfusions, and intravenous immunoglobulins. Moreover,
Patient 2 also received antituberculosis treatment with ethambutol and amoxicillin-clavulanate.

Outcomes: The clinical symptoms and hematological parameters of these 2 patients were significantly improved. Regrettably,
both patients discontinued the treatment for financial reasons.

Lessons: Our report expands the pathogenic mutation spectrum of WAS gene and emphasizes the importance of molecular
genetic testing in diagnosingWAS. Furthermore, researching and reporting rare cases of WAS from different populations will facilitate
diagnosis and treatment of this disease.

Abbreviations: ASD = atrial septal defect, GBD = guanosine triphosphatase-binding domain, NGS = next-generation
sequencing, PBMCs = peripheral blood mononuclear cells, PRD = proline-rich domain, UCG = ultrasonic cardiography, VCA =
Editor: Maya Saranathan.

HL, YW, YL and LT contributed equally to this work.

Written informed consents for publication were obtained from the guardians of patients.

The work was supported by the National Natural Science Foundation of China (Grant No. 81960294; Grant No. 81560262), the Basic Applied Study Planning Projects
of Yunnan Province (Grant No. 2018FB130), Kunming Research Center for Exosome Immunotherapy of Malignant Tumors in Children (Grant No. 2018-SW (R)-5),
Kunming Science and Technology Planning Projects (2019-1-S-25318000001078), Kunming Health Science and Technology Talent Project-10 Projects (Grant No.
2020-Training category-11), Yunnan Key Laboratory of Children’s Major Disease Research and Yunnan Medical Center for Pediatric Diseases.

The authors have no conflicts of interest to disclose.

All data generated or analyzed during this study are included in this published article [and its supplementary information files].
a Kunming Key Laboratory of Children Infection and Immunity, Yunnan Key Laboratory of Children’s Major Disease Research, Yunnan Medical Center for Pediatric
Diseases, Yunnan Institute of Pediatrics, b Department of 2nd Infections, c Department of Neonatology, d Department of Pharmacy, Kunming Children’s Hospital,
Kunming, Yunnan, China.
∗
Correspondence: Li Li, Kunming Key Laboratory of Children Infection and Immunity, Yunnan Key Laboratory of Children’s Major Disease Research, Yunnan Medical

Center for Pediatric Diseases, Yunnan Institute of Pediatrics, Kunming Children’s Hospital, No. 288 Qianxing Road, Xishan District, Kunming 650228, Yunnan, China (e-
mail: lily20020302@hotmail.com).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

How to cite this article: Liu H, Wang Y, Li Y, Tao L, Zhang Y, He X, Zhou Y, Liu X, Wang Y, Li L. Clinical and genetic analysis of 2 rare cases of Wiskott–Aldrich
syndrome from Chinese minorities: two case reports. Medicine 2021;100:16(e25527).

Received: 23 January 2021 / Received in final form: 18 March 2021 / Accepted: 25 March 2021

http://dx.doi.org/10.1097/MD.0000000000025527

1

https://orcid.org/0000-0003-3944-906X
https://orcid.org/0000-0003-3944-906X
mailto:lily20020302@hotmail.com
http://creativecommons.org/licenses/by/4.0
http://dx.doi.org/10.1097/MD.0000000000025527


Liu et al. Medicine (2021) 100:16 Medicine
verprolin homology/central hydrophobic region/acidic region, WAS = Wiskott–Aldrich syndrome, WASp = Wiskott–Aldrich
syndrome protein, XLT = X-linked thrombocytopenia.
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1. Introduction
Wiskott–Aldrich syndrome (WAS, OMIM #301000) is a rare
and severe X-linked recessive primary immunodeficiency disease
caused by WAS gene mutations, with an approximate incidence
of 1/1,000,000 to 10/1,000,000.[1–5] Due to different WAS gene
mutations, there are diverse clinical phenotypes, ranging from
classic WAS to X-linked thrombocytopenia (XLT, OMIM
#313900) and X-linked neutropenia (OMIM #300299). Classic
WAS has characteristic clinical manifestations, including throm-
bocytopenia, small platelet, eczema, immunodeficiency, and an
increased risk of autoimmune diseases and malignancies.[1–3]

Persistent thrombocytopenia (<70.00�109/L) with small plate-
lets is the most significant hematological characteristic of WAS.
About 86% of patients with WAS develop the initial symptoms
mainly characterized by petechiae or ecchymosis 1month after
birth.[6] In addition to mild symptoms such as petechiae and
ecchymosis, severe thrombocytopenia may also result in fatal
intracranial and gastrointestinal bleeding. What’s more, eczema
is observed in over 80% of WAS patients, with the coverage and
severity varying greatly.[3] The development of eczema is
associated with Th1/Th2 imbalance caused by functional
abnormalities of Treg cells.[7,8] Recurrent infection due to
immunodeficiency is also a common clinical manifestation of
WAS and severe infection is one of the leading causes of the
ultimate death in WAS patients.[9] Furthermore, WAS patients
are also susceptible to autoimmunity and malignancies. The
previous data show that 40% to 72% of patients with WAS
developed autoimmune disorders due to disrupted immune
tolerance, among which autoimmune hemolytic anemia (36%)
and arthritis (29%) were more frequently observed.[3,10]

Malignancies (80% lymphomas) are present in 10% to 15%
of classic WAS patients with an average age of onset of 9.5
Figure 1. Schematic diagram ofWAS gene structure, location, and corresponding
chromosome p11.22-p11.23 and contains 12 exons. TheWAS c.927delC mutation
(highlighted in blue) and 10 (highlighted in red), respectively. WASp contains 5 functi
guanosine triphosphatase-binding domain (GBD), proline-rich domain (PRD), and
(VCA). The corresponding regions of WASp encoded by exon 1 to 12 are pointe
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years.[11–13] Notably, WAS patients with milder phenotype are
clinically classified as XLT, which is mainly characterized by low
platelet count and small platelets with or without mild infections
and eczema,[14] and X-linked neutropenia is characterized by
neutropenia and myelodysplasia.[15]

WAS gene was identified by Derry et al through positional
cloning in 1994.[16] The gene is located at the short arm of the X
chromosome (Xp11.22-p11.23), contains 12 exons and encodes
a WAS protein (WASp) composed of 502 amino acids (Fig. 1).
WASp is a member of the actin nucleation-promoting factor
family, widely found in the cytoplasm of hematopoietic cells, and
involved in cellular signal transduction and cytoskeletal
remodeling.[17,18] WASp contains 5 functional domains
(Fig. 1), namely Ena-VASP homology 1 domain, a short basic
domain (B), guanosine triphosphatase-binding domain (GBD),
proline-rich domain (PRD), and verprolin homology/central
hydrophobic region/acidic region (VCA) domain from the N-
terminus to the C-terminus. When not activated, WASp is in an
auto-inhibited conformation, where GBD and VCA domains
interact to form a hairpin-like closed structure that inhibits the
actin polymerization and the actin-associated protein (actin-
related proteinS 2/3 [Arp2/3]) complex activation; WASp can be
activated by a variety of signals, including the binding of cell
division cycle 42-Guanosine triphosphate to the GBD, the
binding of adaptor protein, such as noncatalytic region of
tyrosine kinase to PRD, and phosphorylation of Y291, thereby
relieving the auto-inhibited state, regulating the polymerization
of downstream actin and the remodeling of cytoskeleton, and
playing an important role in the formation of immune synapses
and the exertion of hematopoietic cell function.[19–21] Since the
identification of WAS gene in 1994, more than 400 different
mutations have been reported.[9] Previous researches have shown
encoded Wiskott–Aldrich syndrome protein (WASp).WAS gene is located at X
(in Patient 1) andWAS c.1090C>T mutation (in Patient 2) occurred on exons 9

onal domains, namely Ena-VASP homology 1 domain (EVH1), basic domain (B),
verprolin homology (V)/central hydrophobic region (C)/acidic region (A) domain
d out by the black dotted line.



Figure 2. Statistics diagram ofWASmutation distribution for patients with WAS. (A) Distribution ofWASmutation types in European-American patients with WAS.
(B) Distribution of WAS mutation types in Chinese patients with WAS. WAS = Wiskott–Aldrich syndrome.
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that 35.3% of WAS gene mutations in European and American
patients are missense mutations, and the rest includes splicing
mutations (19.4%), deletion mutations (17.6%), nonsense
mutations (15.4%), insertion mutations (7.9%), and complex
mutations (4.4%) (Fig. 2A),[22] while the distribution of the
above mutation types in Chinese WAS patients is 20.8%, 25.0%,
18.1%, 23.6%, 6.9%, and 5.6%, respectively (Fig. 2B).[6]

Deletion or low expression ofWASp due to pathogenic mutations
inWAS gene will destroy the function of immune cells to varying
degrees, lead to combined immunodeficiency and the imbalance
between immune tolerance and autoimmunity, and eventually
manifest with severe infections, autoimmune diseases, and
malignancies.[23–27] Herein, we reported 2 rare cases of WAS
in Chinese ethnic minorities, investigated the clinical and
molecular characteristics of these 2 unrelated patients with
WAS, and described their respective treatments.

2. Materials and methods

2.1. Subjects and clinical evaluations

Patient 1 was a 13-day-old male newborn of Lahu minority and
Patient 2 was an 8-year-and 8-month-old boy of the Zhuang
minority. There was no consanguineous marriage in their
respective families. Both patients and their parents were included
in this study after the parents had signed the written informed
consent. We performed detailed clinical assessments on the
patients, including physical examination, associated laboratory
test, and routine imaging examination. This study was approved
by the Ethics Committee of Kunming Children’s Hospital and
strictly followed the Declaration of Helsinki.

2.2. Next-generation sequencing (NGS) and data analysis

All genetic testswere conducted in accordancewith relevantChinese
laws. Genomic DNA was extracted from the peripheral blood of
these 2 patients by QIAamp DNA Mini Kit (Qiagen, Shanghai,
China). Nanodrop 2000 (Thermo Fisher Scientific, DE), an
ultramicro spectrophotometer, was used to evaluate and quantify
the extracted DNA. The qualified genomic DNA was fragmented
into 350 to 450bp and end-tagged with an adaptor sequence.
Next, the whole exon region was selected by the GenCap

custom enrichment kit (MyGenostics Inc., Beijing, China)
following the manufacturer’s instructions. In detail, the biotiny-
3

lated probe (80–120-mer) was hybridized with prepared library
DNA, and the streptavidin-modified magnetic beads were
covalently bound to the biotinylated probe (MyGenostics) to
capture the targeted gene. The magnetic beads carrying the target
gene were adsorbed by the magnetic frame. Subsequently, the
captured DNA was obtained by washing the adsorbed magnetic
beads with WB1 buffer (25°C, 15minutes) and WB3 buffer
(65°C, 10minutes), respectively. The obtained DNA was purified
with 80% ethanol and eluted with elution buffer (30minutes).
Finally, NGS was performed on NextSeq500 (Illumina, San
Diego, CA).
Following sequencing, bioinformatics analysis of the raw data

was performed. Low-quality/adapter reads were removed by
Cutadapt 1.16. The preprocessed data were compared with the
human genome (hg19) by Burrows-Wheeler Aligner software
0.7.10. The deletion of redundant reads generated by polymerase
chain reaction (PCR) amplification, the recalibration of the base
quality score of remaining reads, as well as the detection of single
nucleotide polymorphisms and deletions and insertions were
performed with Genome Analysis Toolkit software (GATK
4.0.8.1). Annovar software was used to annotate the identified
single nucleotide polymorphisms and deletions and insertions.
Then, the suspected causative mutations were screened and the
pathogenicity of identified mutation sites was assessed in strict
accordance with the guidelines of the American College of
Medical Genetics and Genomics.
2.3. Sanger sequencing

Genomic DNA was extracted from peripheral blood of other
family members (respective parents of Patient 1 and Patient 2) for
Sanger sequencing to verify the results of NGS. According to the
likely pathogenic mutations obtained by NGS, primers were
designed using PRIMER 5 software for PCR amplification. After
purification, the PCR products were sequenced on ABI PRISM
3730 genetic analyzer (Applied Biosystems; Thermo Fisher
Scientific, Inc.) and the obtained sequence data were compared
with human reference sequence of WAS gene.

2.4. Flow cytometry analysis
2.4.1. Expression levels of WASp. Flow cytometry was used to
examine the expression of WASp in peripheral blood mononu-
clear cells (PBMCs). PBMCs were isolated from peripheral blood
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Figure 3. The results of hematological examinations. (A) Hematological parameters of Patient 1. Compared to the reference range, the platelet count and mean
platelet volume (MPV) were significantly decreased, the leukocyte count, lymphocyte count, neutrophil count, and eosinophil count were increased to varying
degrees, and other parameters were normal. (B) Hematological parameters of Patient 2. Compared to the reference range, the platelet count, MPV, and neutrophil
percentage were decreased, the eosinophil count and eosinophil percentage were increased, and no other abnormalities were found. Parameters above the
reference range are marked in red, and parameters below the reference range are marked in blue.
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of both patients and their parents by human PBMCs separation
kit (Solarbio, Beijing, China), washed twice with phosphate-
buffered saline (PBS), and centrifuged at 1650rpm for 10
minutes. Cell fixation (10minutes) and permeabilization (15
minutes) were performed successively using the perfix-nc Kit
(Beckman Coulter, A07803) following the manufacturer’s
instructions. Next, 1:150 diluted Rabbit anti-WASp (Abcam,
ab75830, UK) was added and the samples were incubated at
room temperature for 30minutes. After centrifugation at 2000
rpm for 5minutes at 4°C, the supernatant was discarded, while
the precipitated cells were washed again and resuspended in 1mL
PBS (precooling at 4°C). Finally, 1:200 diluted Goat anti-Rabbit
IgG H&L (Fluorescein isothiocyanate; Abcam, ab205718) was
added for staining in the dark. Flow cytometry was performed
with the ACEA NovoCyte flow cytometer (ACEA Biosciences,
San Diego, CA) and the data were analyzed by FlowJo v10
software.

2.4.2. Lymphocyte subsets. Peripheral blood lymphocytes of
both patients were isolated using lymphocyte separation medium
(TBD Science, Tianjin, China) and washed twice with 3mL PBS.
Then, cells were resuspended in 1mL precooled PBS, followed by
staining with the BD MultitestTM 6-Color kit (BD Biosciences)
and incubating for 30minutes under light-protected conditions at
room temperature. The stained lymphocytes were analyzed on
ACEA NovoCyte flow cytometer (ACEA Biosciences) and
FlowJo v10 software.
3. Results

3.1. Clinical characteristics
3.1.1. Patient 1. Patient 1 was a 13-day-old male newborn of
Chinese Lahu minority with full-term normal delivery. His
mother had a history of 10 pregnancies: 2 older brothers of the
patient died at an early age due to unknown causes, 2 older sisters
were healthy individuals, and the remaining parities were aborted
spontaneously. Based on the guardians’ will, the patient’s sisters
were not recruited in the study. The patient received clinical
4

evaluations and treatments in the local county hospital due to
skin petechiae on the second day after birth. He was diagnosed
with neonatal infection and neonatal hemorrhage (laboratory
tests in the hospital showed that the platelet count was decreased
to 33.00�109/L) and received anti-infective (cefoperazone-
sulbactam and penicillin) and hemostatic therapies (vitamin
K1, aminomethylbenzoic acid, and etamsylate). The infection
improved after 9days, but no significant regression of the skin
petechiae was observed. He was subsequently transferred to the
Kunming Children’s Hospital for further examinations and
treatments.
Physical examination after admission revealed that the patient

had significant petechiae on the heel and eczema on the buttocks.
The results of hematological examination showed that the
platelet count (33.00�109/L) and mean platelet volume (MPV)
(7.80 fL) were significantly decreased, the leukocyte count
(14.86�109/L), lymphocyte count (3.46�109/L), neutrophil
count (9.48�109/L), and eosinophil count (0.61�109/L) were
increased to varying degrees, and the rest of the parameters were
normal (Fig. 3A).
In addition, a grade II/VI systolic murmur was noted during

auscultation in the valvular area of the heart, which was
consistent with the ultrasonic cardiography (UCG) results that an
atrial septal defect (ASD) (diameter 3.10mm) was observed in the
patient’s heart and blood flow was shunted from left atrium to
right atrium at the site of the defect (Fig. 4A). No pathological
signs were found in color Doppler ultrasound of the abdominal
cavity (Fig. 4B), abdominal organs (liver, gallbladder, pancreas,
spleen, and both kidneys) (Fig. 4C), and brain (Fig. 4D).

3.1.2. Patient 2. Patient 2 was an 8-year-and 8-month-old boy
of the Chinese Zhuang minority. He was admitted to Kunming
Children’s Hospital with scattered subcutaneous bleeding spots
on both lower limbs. No eczema was found through physical
examination. The hematological examination was performed,
and the results showed that the platelet count (21.00�109/L),
MPV (6.80 fL), and neutrophil percentage (36.54%) were
decreased, the eosinophil count (2.26�109/L) and eosinophil



Figure 4. Imaging findings of these 2 patients. (A) Ultrasonic cardiography of Patient 1. An atrial septal defect (ASD) with a diameter of 3.10mmwas observed. The
ASDwas indicated by the white arrow. (B) Abdominal color ultrasound of Patient 1. No abnormalities were observed. (C) Color ultrasound of abdominal organs from
Patient 1. No abnormalities were found. (D) Brian color Doppler ultrasound of Patient 1. No pathological signs were shown. (E) Laparoscopic findings during the
appendectomy of Patient 2. Many miliary nodules distributed in the abdominal cavity were observed. (F) Chest computed tomography (CT) of Patient 2. Bilateral
lungs showed inflammatory lesions, the lower lobe of the left lung showed patchy high-density lesions, and lymphadenopathy was observed in themediastinum and
hilar regions. (G) Abdominal color Doppler ultrasound of Patient 2. Multiple mesenteric lymph nodes were detected in the right lower abdomen and around the
umbilicus, with the largest one of about 2.30�2.00cm. Lymph nodes were indicated by the white box. (H) Color Doppler ultrasound of abdominal organs from
Patient 2. There were no apparent abnormalities in liver, gallbladder, pancreas, spleen, and both kidneys. (I) Brain CT scan of Patient 2. No abnormal density
shadow was found in brain parenchyma.
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percentage (28.24%) were increased, and no obvious abnormal-
ities were observed in other hematological parameters (Fig. 3B).
According to medical history, the patient had also experienced
asymptomatic thrombocytopenia (10.00�109/L) at the age of 1
year, which was resolved spontaneously without any treatment.
In addition, the patient underwent appendectomy for acute

suppurative appendicitis, during which time many miliary
nodules distributed in the abdominal cavity were accidentally
found by laparoscope (Fig. 4E). The relevant medical history and
family history revealed that the patient had recurrent low-grade
fever for the past 6months and his father was a patient with active
tuberculosis. Detailed examinations for tuberculosis were
performed after surgery. Both results of the interferon gamma
release assay and the tuberculin purified protein derivative test
were positive, and the chest computed tomography scan showed
inflammatory lesions in bilateral lungs, prominent patchy
hyperdense lesions in the lower lobe of the left lung, and hilar
and mediastinal lymphadenopathy (Fig. 4F). Abdominal color
Doppler ultrasound showed multiple mesenteric lymph nodes in
the right lower abdomen and around the umbilicus, with the
largest one of approximately 2.30�2.00cm (Fig. 4G). Both color
Doppler ultrasound of abdominal organs (liver, gallbladder,
pancreas, spleen, and kidney) (Fig. 4H) and brain computed
tomography revealed no apparent abnormalities (Fig. 4I).

3.2. Identification of WAS mutations
3.2.1. A novel frameshift mutation (c.927delC) of WAS gene
was identified in Patient 1. The NGS were used to assess the
patients and their parents at the genetic level. The results showed
5

that Patient 1 carried a novel hemizygous mutation inWAS gene.
Specifically, there was a single nucleotide “C” deletion at the site
of c.927 (c.927delC) in exon 9 of the WAS gene. The deletion
resulted in a frameshift mutation causing changes in 135 amino
acids from p.310 and induced a premature stop codon (p.
Q310Rfs∗135) (Fig. 5A). The stop codon induced by c.927delC
resulted in a large truncation of WASp. No report on this
mutation (c.927delC, p.Q310Rfs∗135) in WAS gene has been
found in the Human Gene Mutation Database. This mutation
was likely to be the pathogenic mutation contributing to the
clinical phenotype of Patient 1. Sanger sequencing was performed
to validate the mutation. The sequencing results of his parents
indicated that his mother also carried c.927delC heterozygous
variant, while no mutations were detected in his father (Fig. 5A).
The WAS c.927delC mutation that occurred in Patient 1 was
inherited from his mother, which was consistent with inheritance
mode of WAS (X-linked recessive inheritance). Based on the
above results, we speculated that Patient 1 suffered from WAS
and his mother was only an asymptomatic carrier of the WAS
c.927delC mutation. Unfortunately, both of his older brothers
died at an early age due to unknown etiology (Fig. 5B), and it was
presumed that they also suffered from WAS.

3.2.2. A known nonsense mutation of WAS gene
(c.1090C>T) was detected in Patient 2. Patient 2 was found
to carry a known nonsense mutation, which was confirmed to be
a single-nucleotide substitution from “C” to “T” at position
c.1090 (c.1090C>T) in exon 10 of theWAS gene (Fig. 5C). This
mutation resulted in an amino acid change p.R364X. The Sanger
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Figure 5. Results of mutation analysis. (A) Identification of a novelWAS gene mutation in Patient 1 and his mother. A single nucleotide “C” deletion (c.927delC) was
found in theWAS gene of Patient 1. This heterozygous mutation was also detected in his mother, while no mutation was detected in his father. The red arrow and
box indicate the deletion locus. (B) Pedigree of Patient 1’s family. Patient 1’s mother (I-1) was only a carrier of the WAS c.927delC mutation without any clinical
symptoms, while his father (I-2) had no mutation. Patient 1 (II-10) was identified with a hemizygous mutation and presented with a classic WAS phenotype. Both of
his older brothers (II-4, 5) died due to unknown causes and both of his older sisters (II-3, 6) were healthy, while II-1, 2, 7, 8, 9 were aborted spontaneously. (C) A
known nonsense mutation ofWAS gene was detected in Patient 2 and his mother. “C”was replaced by “T” at position c.1090 (c.1090C>T) of theWAS gene, and
the codon CGA encoding arginine was changed to the termination codon TGA. This mutation was not found in his father. The red arrow indicates where the
mutation occurred. (D) Pedigree of Patient 2’s family. The proband (Patient 2, II-1) was found to be hemizygous for the mutation c.1090C>T in WAS gene, his
mother (I-1) had this heterozygous mutation at the same locus with no symptoms of WAS, and no mutations were found in his father (I-2). WAS =Wiskott–Aldrich
syndrome.
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sequencing of his parents indicated that his mother had the
heterozygous c.1090C>T mutation in WAS gene, but no
mutations were detected in his father. Meanwhile, his mother
is only a carrier of the mutation with no associated symptoms of
WAS (Fig. 5D). This pathogenic mutation has been previously
reported by Lemahieu et al,[28] and is closely related to the
pathogenesis of WAS milder phenotype- XLT, which coincides
with the clinical phenotype of Patient 2.
3.3. Various degrees of WASp deficiency were detected in
Patient 1 and Patient 2

In order to further verify the pathogenicity of the 2 mutations
identified by genetic testing, the fluorescence intensity was
measured by flow cytometry to quantitatively analyze the
expression levels of WASp in PBMCs isolated from all subjects.
The WASp expression of Patient 1 was 6.96%, which was
significantly lower than that of his mother (36.5%) and father
(63.3%) (Fig. 6A). While the expression of WASp was relatively
mildly downregulated in Patient 2 (20.1%), and the WASp
expressions in his mother and father were 42.9% and 65.8%,
respectively (Fig. 6B). According to the above results, both
patients had lowWASp expression in PBMCs, and the deficiency
of WASp in Patient 1 was more severe than that in Patient 2.

3.4. Analytical results of lymphocyte subsets

Lymphocyte subsets were evaluated by flow cytometry to analyze
the immune status of these 2 patients. For Patient 1, the
percentages of total T lymphocytes (CD3+: 49.58%) and CD8+ T
lymphocytes (CD3+CD8+: 12.18%) were decreased, the propor-
tion of B cells (CD3-CD16/56-CD19+: 36.40%) was increased,
and other parameters were normal (Fig. 7A). However, the
analysis of lymphocyte subsets in Patient 2 revealed no significant
6

abnormalities (Fig. 7B). In addition, although CD4+ T
lymphocytes were at normal levels in both patients, the
proportion of CD4+ T lymphocytes in Patient 1 (CD3+CD4+:
30.87%)was lower than that in Patient 2 (CD3+CD4+: 40.36%).

3.5. Treatments and outcomes

Patient 1 showed a triad of thrombocytopenia-small platelets,
eczema, and recurrent infections, while Patient 2 only experi-
enced thrombocytopenia and small platelets without a previous
history of recurrent infections. Combined with the obtained
clinical data, the results of genetic and protein tests, and the
diagnostic criteria published by the Pan-American Group for
Immunodeficiency and European Society of Immunodeficiency in
1999 as well as a 5-point clinical severity scoring system of
WAS,[29] both Patient 1 and Patient 2 were diagnosed with WAS
(Fig. 8A), and were classified as classic WAS (Patient 1, a score of
3) and XLT (Patient 2, a score of 1), respectively (Fig. 8B). In
addition, Patient 2 was also confirmed to have pulmonary and
abdominal tuberculosis based on the results of laboratory and
imaging examinations. For Patient 1, desonide cream was used
for eczema, traditional antibiotic (cefoperazone-sulbactam) was
used for anti-infection, and immunoglobulins and platelets were
intravenously transfused for supportive therapy. At present, the
petechiae and eczema have disappeared, and vital signs were
stable. Hematologic reexamination showed that, compared with
abnormal results at admission (Fig. 3A), the counts of leukocytes
(8.10�109/L), lymphocytes (2.09�109/L), neutrophils (3.81�
109/L), and eosinophils (0.24�109/L) returned to normal, and
the platelet count (60.00�109/L) as well as MPV (8.50 fL) were
partially recovered (Fig. 9A).
In addition to routine supportive treatment with intravenous

immunoglobulins and platelet transfusions, Patient 2 who was
diagnosed as XLT with abdominal and pulmonary tuberculosis



Figure 6. Flow cytometry was used to assess the expression levels of Wiskott–Aldrich syndrome protein (WASp). (A) WASp expression levels in peripheral blood
mononuclear cells (PBMCs) from Patient 1 and his parents. A single peak (red), which almost completely overlapped with the blank control peak (dark blue), was
detected in Patient 1. The expression of WASpwas 6.96%. Double peaks (red) were detected in his mother, one of which partially overlapped with the blank control
peak (dark blue) and the other was shifted. The expression of WASp was 36.5%. A single shifted peak (red) was identified in his father, and the expression of WASp
was 63.3%. (B) WASp expression levels in PBMCs from Patient 2 and his parents. Patient 2 and his father both had single peaks (red), and theWASp expressions in
them were 20.1% and 65.8%, respectively. In his mother, double peaks (red), including a partially overlapping peak and a shifted peak, were detected. The
expression of WASp was 42.9%. The peaks of all subjects are marked in red, while the blank control peak is marked in dark blue.

Figure 7. Flow cytometry analysis of lymphocyte subsets. (A) Analysis results of lymphocyte subsets from Patient 1. The percentages of total T lymphocytes (CD3
+: 49.58%) and CD8+ T lymphocytes (CD3+CD8+: 12.18%) were decreased, the proportion of B cells (CD3-CD16/56-CD19+: 36.40%) was increased, and other
parameters were normal. (B) Analysis results of lymphocyte subsets from Patient 2. No obvious abnormalities were found. Red arrows in the scatter plots indicate
the analysis routes. In the diagrams of analysis results for lymphocyte subsets, parameters above the reference range are indicated in red and parameters below the
reference range are indicated in blue.
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Figure 8. Diagnosis and clinical severity score of WAS. (A) Diagnosis of these 2 patients. Both patients fulfilled the necessary diagnostic criteria for WAS. (B) Clinical
severity score ofWAS. Patient 1 and Patient 2 were assigned a score of 3 (classic WAS) and a score of 1 (XLT), respectively. WAS =Wiskott–Aldrich syndrome, XLT
= X-linked thrombocytopenia.
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received antituberculosis treatment with ethambutol and amoxi-
cillin-clavulanate. Recently, the petechiae of his lower limbs have
disappeared without any new bleeding spots. Hematological
reexamination found that there was some recovery of the platelet
count (56.00�109/L), MPV (7.50 fL), and the neutrophil
percentage (37.14%), but their levels were still below normative
values. The eosinophil count (0.05�109/L) and eosinophil
percentage (0.64%) returned to normal (Fig. 9B). Furthermore,
no obvious mediastinal or hilar lymphadenopathy was observed
at the latest chest CT-scan, meanwhile, the inflammatory lesions
in bilateral lungs (Fig. 9C) were significantly improved than
Figure 9. Hematological reexaminations of both patients and imaging reexami
Compared to the initial examinations (Fig. 3A), the counts of leukocyte, lymphocyte,
platelet volume (MPV) showed some recovery. (B) Hematological reexaminations
MPV, and neutrophil percentage were partially recovered, and the count and perc
below the reference range were depicted in red and blue, respectively. The upward
to previous results. (C) Image presentation of chest CT of Patient 2. No obvious
bilateral lungs were significantly improved than before (Fig. 4F). (D) Abdominal color
right lower abdomen and around the umbilicus, with the largest one of approxima
(2.30�2.00cm) (Fig. 4G). The white box indicates lymph nodes. CT = compute
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before (Fig. 4F). Abdominal color Doppler ultrasound (Fig. 9D)
revealed multiple mesenteric lymph nodes in the right lower
abdomen and around the umbilicus, with the largest of about
1.70�1.30cm, which was significantly smaller than that at
admission (Fig. 4G). Regrettably, both patients discontinued the
treatment for financial reasons.
4. Discussion

In this study, we reported for the first time a novel frameshift
mutation (c.927delC, p.Q310Rfs∗135) on exon 9 of the WAS
nation findings of Patient 2. (A) Hematological reexaminations of Patient 1.
neutrophil, and eosinophil returned to normal, and the platelet count and mean
of Patient 2. Compared to the initial examinations (Fig. 3B), the platelet count,
entage of eosinophil returned to normal. In (A) and (B), parameters above and
(downward) arrow indicated an increase (decrease) in the parameter compared
mediastinal or hilar lymphadenopathy was found, and inflammatory lesions in
ultrasound of Patient 2. Multiple mesenteric lymph nodes were detected in the
tely 1.70�1.30cm, which was significantly smaller than the size at admission
d tomography.
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gene in Patient 1 (Fig. 5).Meanwhile, the XLT-related pathogenic
mutation (c.1090C>T, p.R364X) in WAS gene has been
reported, but this is the first time to verify that this mutation
decreased the expression of WASp. The expression levels of
WASp were examined by flow cytometry (Fig. 6), further
demonstrating the pathogenicity of the 2 mutations. Exon 9
encodes the GBD domain of WASp, while exon 10 encodes the
PRD domain and the Verprolin homology (V) of VCA domain
(Fig. 1). The VCAdomain is a key structure that interacts with the
Arp2/3 complex and induces actin polymerization.[20,21] In the
inactive state, the VAC domain is hidden by a hairpin-like closed
structure, when activated, the VCA domain is exposed and
interacts with the Arp2/3 complex, thereby promoting the actin
assembly.[30,31] Meanwhile, many adaptor proteins containing
Src homology 3 domains, such as Crk-Like protein and cell
division cycle 42 interacting protein-4, interact with the PRD
domain, relieve the WASp auto-inhibited conformation and
release the VAC domain, thus phosphorylating and activating
WASp.[32,33] Therefore, mutations occurring on exons 9 and 10
ofWAS gene may disrupt the structure and function of WASp by
affecting corresponding coded domains.
The results of flow cytometry confirmed that the 2 mutations

down-regulated the expression of WASp to varying degrees
(Fig. 6). WASp expression was significantly decreased in PBMCs
from Patient 1 with a severe phenotype (classic WAS) and
relatively slightly decreased in PBMCs from Patient 2 with a
milder phenotype (XLT). The difference of WASp expression in
PBMCs from these 2 patients was consistent with the severity of
their clinical phenotypes. Therefore, the results further elucidated
that the severity of WAS is proportional to the degree of WASp
deficiency. In addition, the analytical results of the lymphocyte
subset also well reflected the immune status of both patients in
this study (Fig. 7). In Patient 1 with obvious immunodeficiency,
total T lymphocytes (CD3+: 49.58%) and CD8+ T lymphocytes
(CD3+CD8+: 12.18%) were significantly decreased, while the
lymphocyte subsets were normal in Patient 2 who had no
apparent signs related to immunodeficiency. Combined with the
low expression of WASp, the analytical results of lymphocyte
subsets further demonstrated that significant WASp deletion
could lead to T cell deficiency, which is a key factor in WAS-
associated immune dysfunction. Among them, CD8+ T lympho-
cyte deficiency was the most common, and more than 50% of
WAS patients were found to have reduced CD8+ T lymphocyte
counts.[11] In addition, Crowe et al proposed that a decreased
number of CD4+ T lymphocytes could lead to an increased risk of
opportunistic infection.[34] Based on the analytical results of
lymphocyte subsets for these 2 patients, we found that although
their CD4+ T lymphocyte proportions were in the normal range,
the proportion of CD4+ T lymphocytes in Patient 1 (CD3+CD4+:
30.87%) who had a history of repeated infection was lower than
that in Patient 2 (CD3+CD4+: 40.36%). This phenomenon was
consistent with the conclusion of Crowe et al.[34] What’s more,
hematologic examination results of both patients on admission
reflected varying degrees of eosinophil increase (Fig. 3). A
previous study reported that eosinophilia was observed in 31%
of WAS patients.[3] Lexmond et al confirmed that this
hematological characteristic resulted from the Tregs dysfunction
caused by WASp deficiency, which weakened the suppressive
function of Tregs on Th2 cell differentiation and consequently
caused eosinophilia.[35]

We also identified a 3.10mm diameter ASD in Patient 1 by
UCG (Fig. 4A). ASD is the common birth defect in China. Typical
9

hemodynamic change in the early stage of ASD is interatrial left-
to-right shunt, which would increase blood flow in the
pulmonary circulation.[36] Pulmonary circulation can accommo-
date a large amount of blood. So, when the defect is small or at the
early stage of the disease, normal pulmonary arterial pressure can
still be maintained, without any obvious clinical symptoms or
only with susceptibility to mild respiratory tract infections. If the
defect is large and fails to be corrected in time, the long-term left-
to-right shunt can gradually lead to pulmonary arteriolar intimal
hyperplasia and increased medial thickness, as well as increased
pulmonary vascular resistance, which may eventually progress
into life-threatening pulmonary hypertension and right heart
failure.[37] Patient 1 with an ASD of merely 3.10mm in diameter
did not show obvious ASD-related symptoms (e.g., fatigue and
exertional dyspnea). Due to the younger age (only 13days old) of
the patient and the small diameter (<8mm) of the ASD, there is a
high possibility of self-healing of the defect in the future, so the
surgical repair of the defect is not currently performed. However,
because of the immunodeficiency observed in Patient 1 with
classic WAS, we will pay close attention to the clinical signs on
him and regularly monitor the heart health by UCG to prevent
pulmonary congestion or even acute heart failure induced by
infection.
Based on imaging and laboratory examinations, Patient 2 was

confirmed to be infected with tuberculosis. There have been only
a few reports about classic WAS/XLT with tuberculosis.[38,39]

The environment is one of the decisive factors for the risk of
tuberculosis infection in children,[40] and tuberculosis in children
is mostly caused by contact with adult patients with infectious
tuberculosis, so we speculate that the tuberculosis infection of
Patient 2 was derived from his father, who had active
tuberculosis. Moreover, the risk of tuberculosis infection also
depends on the immune function of the body. Mycobacterium
tuberculosis (Mtb) belongs to intracellular parasitic bacteria, and
cellular immunity mediated by macrophages and T lymphocytes
plays a major role in the fight against Mtb infection.[41,42] In this
report, Patient 2 was classified as XLT, a relatively mild
phenotype in patients with pathogenic WAS gene mutations.
Although no prominent signs of immunodeficiency were shown
in him, the relatively slight reduction of WASp might still have
potential impacts on immune function, leading to increased
susceptibility to Mtb and eventual progression to pulmonary
tuberculosis as well as extrapulmonary tuberculosis. In addition,
previous studies have confirmed that rifampicin and isoniazid
may cause drug-induced thrombocytopenia during tuberculosis
treatment.[43,44] With the ability to act as haptens, both drugs
above stimulate the body to produce antibodies and subsequently
form antigen-antibody complexes, which are bound to platelets
through Major histocompatibility complex class I antigens,
resulting in the activation of complements, and eventually
destroying platelets and increasing the risk of bleeding.[45] Goto
et al have reported that reduced platelet count is strongly
associated with the death of tuberculosis patients during the
treatment.[46] Therefore, XLT patients with tuberculosis are not
only easily misdiagnosed as drug-induced thrombocytopenia but
also difficult to treat. Irrational use of antituberculosis drugs may
aggravate thrombocytopenia and further increase the risk of
death. During the course of Patient 2’s treatment, we did not
adopt the commonly used quadruple therapy of isoniazid,
rifampicin, ethambutol, and pyrazinamide, but switched to
ethambutol supplemented with amoxicillin-clavulanate for anti-
tuberculosis treatment, which achieved significant effects (Fig. 9C
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and D). Noteworthily, for such young XLT patients, we still need
to be vigilant to the possibility of XLT progressing to classicWAS
with age, so long-term follow-up is strongly recommended.
Both of our patients received supportive therapy with intrave-

nous immunoglobulins and platelet transfusions, but they
abandoned further treatments for financial reasons. So far,
allogeneic hematopoietic stem cell transplantation is the only
mature radical treatment for WAS recognized worldwide, and the
survival rate of WAS patients who received allogeneic hematopoi-
etic stem cell transplantation ranges from 84% to 89.1%.[47] In
addition, gene therapy for WAS has attracted increased attention
as a new therapeutic strategy, which can theoretically avoid
transplant rejection and graft versus host disease.[48] However, it is
important tonote that gene therapy is still in clinical trials andmore
studies will be needed to improve its safety.
In conclusion, WAS is a rare X-linked disorder that occurs in

males. For male patients who present with congenital thrombo-
cytopenia and small platelets, it is necessary to assess WAS gene
mutation and WASp expression by the molecular genetic
approach and protein detection as early as possible. In this
study, we identified a novel pathogenic WAS gene mutation
(c.927delC, p.Q310Rfs∗135) in a patient of Lahu (Patient 1).
Researching and reporting novel pathogenic WAS gene muta-
tions from different populations will expand the mutation
spectrum of WAS gene and facilitate the genetic counseling and
prenatal diagnosis. An ASD was also found in Patient 1, which
was not reported in previous WAS-related researches. Is there a
potential relationship between this novel mutation (c.927delC, p.
Q310Rfs∗135) and heart development? This issue deserves
further study. What’s more, we also reported a rare case (Patient
2) of XLT with tuberculosis and described the clinical and
molecular characteristics of the patient and the therapeutic
regimen for him. However, the patient failed to complete the
whole course of treatment, so the optimal combination therapy
for classic WAS/ XLT patients with tuberculosis remains to be
explored. We also examined the changes of WASp expression
caused byWAS c.927delC/ c.1090C>Tmutation to demonstrate
that the severity ofWASwas positively correlated to the degree of
WASp deficiency. In addition, both of our patients in this study
are Chinese ethnic minorities (Lahu and Zhuang). This might
suggest that the distinct customs and environmental factors of
ethnic minorities may lead to a high incidence of WAS. The
genomic variations between ethnic minorities and other
populations can be explored by genome-wide association
analysis in future research.
Acknowledgments

The authors sincerely thank the patients and their family
members for their participation and support.
Author contributions

Data curation: Haifeng Liu, Yanchun Wang, Lvyan Tao.
Formal analysis: Haifeng Liu, Yanchun Wang, Lvyan Tao, Yu

Zhang.
Funding acquisition: Li Li, Yu zhang.
Investigation: Haifeng Liu, Yanchun Wang, Xiaoli He.
Methodology: Haifeng Liu, Yuantao Zhou, Xiaoning Liu, Yan

Wang.
Project administration: Yangfang Li, Li Li.
10
Writing – original draft: Haifeng Liu, Yanchun Wang, Lvyan
Tao.

Writing – review & editing: Yangfang Li, Li Li.
References

[1] Wiskott A. Familiärer, angeborener morbus werlhofii? Monatsschr
Kinderheilkd 1937;68:212–6.

[2] Aldrich RA, Steinberg AG, Campbell DC. Pedigree demonstrating a sex-
linked recessive condition characterized by draining ears, eczematoid
dermatitis and bloody diarrhea. Pediatrics 1954;13:133–9.

[3] Sullivan KE, Mullen CA, Blaese RM, et al. A multiinstitutional survey of
the Wiskott-Aldrich syndrome. J Pediatr 1994;125:876–85.

[4] Ryser O, Morell A, Hitzig WH. Primary immunodeficiencies in
Switzerland: first report of the national registry in adults and children.
J Clin Immunol 1988;8:479–85.

[5] Stray-Pedersen A, Abrahamsen TG, Froland SS. Primary immunodefi-
ciency diseases in Norway. J Clin Immunol 2000;20:477–85.

[6] Liu DW, Zhang ZY, Zhao Q, et al. Wiskott-Aldrich syndrome/X-linked
thrombocytopenia in China: clinical characteristic and genotype-
phenotype correlation. Pediatr Blood Cancer 2015;62:1601–8.

[7] Taylor MD, Sadhukhan S, Kottangada P, et al. Nuclear role of WASp in
the pathogenesis of dysregulated TH1 immunity in human Wiskott-
Aldrich syndrome. Sci Transl Med 2010;2:37–44.

[8] Trifari S, Sitia G, Aiuti A, et al. Defective Th1 cytokine gene transcription
in CD4+ and CD8+ T cells from Wiskott-Aldrich syndrome patients. J
Immunol 2006;177:7451–61.

[9] Candotti F. Clinical manifestations and pathophysiological mechanisms
of the Wiskott-Aldrich syndrome. J Clin Immunol 2018;38:13–27.

[10] Dupuis-Girod S, Medioni J, Haddad E, et al. Autoimmunity in Wiskott-
Aldrich syndrome: risk factors, clinical features, and outcome in a single-
center cohort of 55 patients. Pediatrics 2003;111:e622–7.

[11] Bonilla FA, Khan DA, Ballas ZK, et al. Practice parameter for the
diagnosis and management of primary immunodeficiency. J Allergy Clin
Immunol 2015;136:1186–205.e1-e78.

[12] Du S, Scuderi R, Malicki DM, et al. Hodgkin’s and non-Hodgkin’s
lymphomas occurring in two brothers with Wiskott-Aldrich syndrome
and review of the literature. Pediatr Dev Pathol 2011;14:64–70.

[13] Tran H, Nourse J, Hall S, et al. Immunodeficiency-associated
lymphomas. Blood Rev 2008;22:261–81.

[14] Villa A, Notarangelo L, Macchi P, et al. X-linked thrombocytopenia and
Wiskott-Aldrich syndrome are allelic diseases with mutations in the
WASP gene. Nat Genet 1995;9:414–7.

[15] Devriendt K, KimAS,Mathijs G, et al. Constitutively activatingmutation
in WASP causes X-linked severe congenital neutropenia. Nat Genet
2001;27:313–7.

[16] Derry JM, Ochs HD, Francke U. Isolation of a novel gene mutated in
Wiskott-Aldrich syndrome. Cell 1994;78:635–44.

[17] Snapper SB, Rosen FS. The Wiskott-Aldrich syndrome protein (WASP):
roles in signaling and cytoskeletal organization. Annu Rev Immunol
1999;17:905–29.

[18] Stradal TE, Rottner K, Disanza A, et al. Regulation of actin dynamics by
WASP and WAVE family proteins. Trends Cell Biol 2004;14:303–11.

[19] Rivers E, Thrasher AJ. Wiskott-Aldrich syndrome protein: emerging
mechanisms in immunity. Eur J Immunol 2017;47:1857–66.

[20] Kim AS, Kakalis LT, Abdul-Manan N, et al. Autoinhibition and
activation mechanisms of theWiskott-Aldrich syndrome protein. Nature
2000;404:151–8.

[21] Luan Q, Zelter A, MacCoss MJ, et al. Identification of Wiskott-Aldrich
syndrome protein (WASP) binding sites on the branched actin filament
nucleator Arp2/3 complex. Proc Natl Acad Sci U S A 2018;115:E1409–
18.

[22] Jin Y, Mazza C, Christie JR, et al. Mutations of the Wiskott-Aldrich
syndrome protein (WASP): hotspots, effect on transcription, and
translation and phenotype/genotype correlation. Blood
2004;104:4010–9.

[23] Nguyen DD, Maillard MH, Cotta-de-Almeida V, et al. Lymphocyte-
dependent and Th2 cytokine-associated colitis in mice deficient in
Wiskott-Aldrich syndrome protein. Gastroenterology 2007;133:1188–
97.

[24] Catucci M, Zanoni I, Draghici E, et al. Wiskott-Aldrich syndrome
protein deficiency in natural killer and dendritic cells affects antitumor
immunity. Eur J Immunol 2014;44:1039–45.



Liu et al. Medicine (2021) 100:16 www.md-journal.com
[25] Recher M, Burns SO, de la Fuente MA, et al. B cell-intrinsic deficiency of
theWiskott-Aldrich syndromeprotein (WASp) causes severe abnormalities
of the peripheral B-cell compartment in mice. Blood 2012;119:2819–28.

[26] Maillard MH, Cotta-de-Almeida V, Takeshima F, et al. The Wiskott-
Aldrich syndrome protein is required for the function of CD4+CD25
+Foxp3+ regulatory T cells. J Exp Med 2007;204:381–91.

[27] Orange JS, Ramesh N, Remold-O’Donnell E, et al. Wiskott-Aldrich
syndrome protein is required for NK cell cytotoxicity and colocalizes
with actin to NK cell-activating immunologic synapses. Proc Natl Acad
Sci U S A 2002;99:11351–6.

[28] Lemahieu V, Gastier JM, Francke U. Novel mutations in the Wiskott-
Aldrich syndrome protein gene and their effects on transcriptional,
translational, and clinical phenotypes. Hum Mutat 1999;14:54–66.

[29] Conley ME, Notarangelo LD, Etzioni A. Diagnostic criteria for primary
immunodeficiencies. Representing PAGID (Pan-American Group for
Immunodeficiency) and ESID (European Society for Immunodeficien-
cies). Clin Immunol 1999;93:190–7.

[30] Blundell MP, Worth A, Bouma G, et al. The Wiskott-Aldrich syndrome:
the actin cytoskeleton and immune cell function. Dis Markers
2010;29:157–75.

[31] Cory GO, Cramer R, Blanchoin L, et al. Phosphorylation of the WASP-
VCA domain increases its affinity for the Arp2/3 complex and enhances
actin polymerization by WASP. Mol Cell 2003;11:1229–39.

[32] Rivero-Lezcano OM, Marcilla A, Sameshima JH, et al. Wiskott-Aldrich
syndrome protein physically associates with Nck through Src homology
3 domains. Mol Cell Biol 1995;15:5725–31.

[33] Tomasevic N, Jia Z, Russell A, et al. Differential regulation ofWASP and
N-WASP by Cdc42, Rac1, Nck, and PI(4,5)P2. Biochemistry
2007;46:3494–502.

[34] Crowe SM, Carlin JB, Stewart KI, et al. Predictive value of CD4
lymphocyte numbers for the development of opportunistic infections and
malignancies in HIV-infected persons. J Acquir Immune Defic Syndr
(1988) 1991;4:770–6.

[35] Lexmond WS, Goettel JA, Lyons JJ, et al. FOXP3+ Tregs require WASP
to restrain Th2-mediated food allergy. J Clin Invest 2016;126:4030–44.

[36] Thompson E. Atrial septal defect. JAAPA 2013;26:53–4.
11
[37] Constantine A, Dimopoulos K, Opotowsky AR. Congenital heart disease
and pulmonary hypertension. Cardiol Clin 2020;38:445–56.

[38] Yasutomi M, Yoshioka K, Mibayashi A, et al. Successful myeloablative
bone marrow transplantation in an infant with Wiskott-Aldrich
syndrome and Bacillus Calmette-Guerin infection. Pediatr Blood Cancer
2015;62:2052–3.

[39] Pacharn P, Boonyawat B, Tantemsapya N, et al. A novel mutation of
WAS gene in a boy with Mycobacterium bovis infection in spleen. Asian
Pac J Allergy Immunol 2017;35:166–70.

[40] Newton SM, Brent AJ, Anderson S, et al. Paediatric tuberculosis. Lancet
Infect Dis 2008;8:498–510.

[41] van Crevel R, Ottenhoff TH, van der Meer JW. Innate immunity to
Mycobacterium tuberculosis. Clin Microbiol Rev 2002;15:294–309.

[42] D’Agostino MR, Lai R, Afkhami S, et al. Airway macrophages
mediate mucosal. Vaccine-Induced trained innate immunity against
Mycobacterium tuberculosis in early stages of infection. J Immunol 2020;
205:2750–62.

[43] Verma AK, Singh A, Chandra A, et al. Rifampicin-induced thrombocy-
topenia. Indian J Pharmacol 2010;42:240–2.

[44] Lee EJ, Lee SH, Kim YE, et al. A case of isoniazid-induced
thrombocytopenia: recovery with immunoglobulin therapy. Intern
Med 2012;51:745–8.

[45] Girling DJ. Adverse reactions to rifampicin in antituberculosis regimens.
J Antimicrob Chemother 1977;3:115–32.

[46] Goto H, Horita N, Tashiro K, et al. The platelet count can predict in-
hospital death in HIV-negative smear-positive pulmonary tuberculosis
inpatients. Intern Med 2018;57:1391–7.

[47] Moratto D, Giliani S, Bonfim C, et al. Long-term outcome and lineage-
specific chimerism in 194 patients with Wiskott-Aldrich syndrome
treated by hematopoietic cell transplantation in the period 1980-2009:
an international collaborative study. Blood 2011;118:1675–84.

[48] Ozsahin H, Cavazzana-Calvo M, Notarangelo LD, et al. Long-term
outcome following hematopoietic stem-cell transplantation in Wiskott-
Aldrich syndrome: collaborative study of the European Society for
Immunodeficiencies and European Group for Blood and Marrow
Transplantation. Blood 2008;111:439–45.

http://www.md-journal.com

	Clinical and genetic analysis of 2 rare cases of Wiskott-Aldrich syndrome from Chinese minorities
	1 Introduction
	2 Materials and methods
	2.1 Subjects and clinical evaluations
	2.2 Next-generation sequencing (NGS) and data analysis
	2.3 Sanger sequencing
	2.4 Flow cytometry analysis
	2.4.1 Expression levels of WASp
	2.4.2 Lymphocyte subsets


	3 Results
	3.1 Clinical characteristics
	3.1.1 Patient 1
	3.1.2 Patient 2

	3.2 Identification of WAS mutations
	3.2.1 A novel frameshift mutation (c.927delC) of WAS gene was identified in Patient 1
	3.2.2 A known nonsense mutation of WAS gene (c.1090C&x003E;T) was detected in Patient 2

	3.3 Various degrees of WASp deficiency were detected in Patient 1 and Patient 2
	3.4 Analytical results of lymphocyte subsets
	3.5 Treatments and outcomes

	4 Discussion
	Acknowledgments
	Author contributions
	References


