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INTRODUCTION

The Wiskott—Aldrich-szindrome (WAS) is a rare Xked recessive primary
immunodeficiency disorder characterized by micratiibocytopenia, recurrent infections due
to combined immunodeficiency and eczema. The imgdes approximately one to ten cases
per 1 million live male birth. The three main sympis of WAS arebleeding — caused by
decreased platelet count and abnormal function latelets -, increased susceptibility to
bacterias which lead taecurrent infections andeczema. Generally these symptoms manifest
during the first year of age. Typical case with WS male newborn who shows up with
petechias on the skin, then bloody diarrhea ane dseding can be seen, later recurrent
respiratory infections manifest and at last theeet appears. The risk of autoimmun and
malignant diseases in older ages is also increased.

The three milder variant forms of WAS are X-linkéarombocytopenia (XLT),
intermittent thrombocytopenia and X-linked neutnoipe(XLN). In XLT the only finding is
the microthrombocytopenia, the risk of recurref¢éations and eczema is low. In intermittent
thrombocytopenia patients have normal platelet ypeodn at times with episodes of
thrombocytopenia, but the decreased platelet volamgk increased bleeding tendency are
both missing. In XLN the patients suffer from seveecurrent bacterial infections due to
neutropenia and monocytopenia.

The gene responsible for WAS was found in 1994 loe $hort arm of the X-
chromosome. The gene consist of 12 exons and esc@d®2 amino acids long protein,
named the Wiskott-Aldrich syndrome protein (WASRMSP is expressed by hematopoietic
cells and osteoclasts. WASP is involved in actityperization, signaling events and it is
essential for proper immuncell functions. The oalyative treatment in WAS is stem cell
transplantation. For those patients who lack of gatible donor, gene therapy could be an

option in the future.



OBJECTIVES

1. To make diagnosis of Hungarian patients with Wiskdtrich syndrome using
immunological, hematological and genetic diagnostaols. To analyze the
genotype/phenotype correlations in this study pajoarh.

2. To verify carrier status of female family membetsidg family screening. To perform
prenatal genetic tests in pregnant carrier womerchoyionic villus sampling at the
10-12. weeks of their pregnancies.

3. To study the genetic and demographic features demawith Wiskott-Aldrich
syndrome from Eastern and Central European cosntriRussia, Turkey and
Azerbaijan.

4. To analyze large deletion mutations of the Wiskdtrich syndrome gene on the

basis of own results and the literature.

PATIENTS, RUTIN LABORATORY, IMMUNOLOGICAL AND
HAEMATOLOGICAL METHODS

All investigations were carried out after informeahsent had been obtained from the patients
or their parents, and were approved by the ingiitat ethnical committed. Genetic and

clinical investigations were allowed by competemiarities of involved countries.

Analyzed patients and carriers

We analyzed 177 persons (114 males and 63 femaids)VVAS from 100 unrelated
families from 11 Eastern and Central European (EC&)ntries, Russian, Turkey and
Azerbaijan. WAS diagnosis in all these patients wssed on typical clinical and
immunological findings, including microthrombocytpa, eczema and recurrent infections.
WAS diagnosis was confirmed genetically by scregrior mutations of the WAS gene.
Thirty-five of the 114 patients and 38 of the 68n#de carriers studied underwent genetic
diagnosis at the Jeffrey Modell Diagnostic Labonatat the University of Debrecen, the rest
of the patients and carriers were analyzed in ditvign laboratories. Prenatal genetic test
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was perform in 5 Hungarian and one Russian farmlyhese cases amniocentesis was made

at the 12 weeks of pregnancy and DNA was isolataa thorionic villus samples.

DNA amplification and sequencing

DNA isolation
Genomic DNA was isolated from EDTA peripheral blasamples using Gen ELUTE
Blood Genomic DNA mini kit (Sigma—Aldrich Ltd., Geany).

Amplification polymerase chain reaction

Each one of the 12 exons of the WAS gene was aexbliby polymerase chain
reaction (PCR) using specific intronic primers.

Agarose gelelectroforesis

The size of amplified DNA fragments were checkedaggrose gelelectroforesis with
EasyLadder | (100 bp-2000 bp) (Bioline, London, Ue agarosegel used was 2%.

Sequencing PCR and direct gene sequencing

PCR product was purified then sequencing PCR wdermpeed to amplify single
stranded DNA. Direct sequencing was performed loyguthe Big Dye Terminator
Sequencing Kit (Applied Biosystems, Foster City,)@ad an ABI 3130 capillary sequencer
(Applied Biosystems). Sequence variations wererdsst with respect to a reference
sequence, NCBI NG_007877.1 M#AS cDNA and nucleotides were counted from the first
ATG translation initiation codon. Mutations of tdéASP gene were identified with the
Human Gene Mutation Database (HGMD) (www.hgmd.dfilgcsupported by ESID.

Flow cytometry

Cells from the EDTA whole blood were used. Intradal WASP was stained with
anti-human-WASP rabbit monoclonal antibody (Abc&ambridge, MA) and isotype-
matched control and labelled by Alexa Fluor 488jegated anti-rabbit-IgG (Cell Signaling,
Eugene, OR, USA) as secondary antibody.



Western blot

Total protein isolated from PBMC from heparin whbleod were electrophoresed on
10% sodium-dodecilsulfate —polyacrylamide gel aledteo blotted into a polyvinylidene
fluoride (PVDF) membrane (Millipore Corp, BillerickA). Next, anti-human-WASP rabbit
monoclonal antibody (Abcam, Cambridge, MA), werdediand incubated then, membranes
were incubated with Horseradish peroxidase (HRBeHal affinity-purified goat anti—rabbit
lgG (Sigma-Aldrich) as secondary antibody. WASP actih bands were visualized by
incubation with SuperSignal West Femto Maximum 8sfity Substrate (Thermo Scientific,
Rockford, IL).

T cell proliferation assays

T cell proliferation assays were performed as wesd previously with minor
modifications. In brief, T cell stimulation was pemmed using anti-CD3-coated 96 well
plates with or with-out additional human interlensd (IL-2) at. Cells were stimulated for 48
h before pulsing with 1 mCi (0.037 MBq) dH-thymidine (Perkin Elmer,Jiigesheim,
Germany) for 24 h and subsequent analysis of thiprithcorporation. This analysis was

performed in collaboration with Prof. Dr. Klein.

Podosome staining
CD14+ cells were labeled with anti-CD14 magnetiadse(Miltenyi Biotech, Bergisch
Gladbach, Germany) and isolated using an AutoMA€@8oa (Miltenyi Biotech). Podosome

analysis was performed as described previouslglialmoration with Prof. Dr. Klein.

Molecular analysis
CD3+ lymphocytes from patients were sorted intotfcas of WASp-positive and

WASp-negative cells. Genomic DNA was extracted frdwoth fractions, followed by
polymerase chain reaction (PCR) amplification ¢fl&l exons of the WAS gene including
intron—exon boundaries. DNA sequences were analyseng an ABI Prism 3130 DNA
Sequencer and the DNA Sequencing Analysis softwarsion 3.4 (Applied Biosystems,
Foster City, CA) and Sequencer version 3.4.1 (Gaoaes Corporation, Ann Arbor, MI). The
WASp-positive CD3+CD56+NK cell fraction and B celpopulation (sorted as
CD3+CD56+CD19+CD20+cells) was amplified using thiener pair described above. The

product was gel extracted and subcloned into PQOSloning vector (Stratagene,



Amsterdam, the Netherlands). Sequencing of clonas performed using M13 universal

primers. This analysis was performed in collaboratvith Prof. Dr. Klein.

RESULTS

Hungarian patients with WAS
Our main purpose was to study Hungarian familieth WAS. We have indentified
totally 9 male patients with WAS and 18 carrier &es from 9 unrelated families since 2004.

Prenatal diagnosis was also performed in many cases

WAS fenotype in Hungarian patients

Thrombocytopenia

Thrombocytopenia was the first presenting symptofral patients. Its most common
clinical manifestations were the bloody diarrhead gretechia. Thrombocytopenia was
discovered soon after birth in every cases exagpt The lowest platelet count was around
20 G/L (Normal range: 150-400 G/L) in all patienfhe mean platelet volume was also
decreased. Thrombocyte transfusion was administeyedll patients. In one patient the

thrombocytopenia was the only manifestation of WAS.

Infections

Infections were common in Hungarian patients, thestnsevere manifestations were
pneumonia and Salmonella sepsis. Skin abscessB@érvaccination was seen in two boys.
The respiratory tract was mostly involved, pneuraonccurred in many patients. Fatal
infection was the cause of death in 3 patients, aivihem died due to severe post transplant

infection.

Eczema
Eczema was seen in every patient except one. Wsina@lskin rash appeared during

the first year of age and was therapy resistant.



Autoimmunity/malignancy
Autoimmune or malignant disorders affected only @agient. This patient showed
signs of myelodysplasia in his bone marrow 7 ya#tes gene therapy.

WAS score

Eight of nine Hungarian patients had classical foffdVAS, one patient was scored as
XLT.

Laboratory features

Laboratory findings were mostly not typical for WANo0 severe lymphopenia was
seen in either patients. The serum immunoglobudotypes (IgG, IgA, IgM, IgE) were
measured in the normal range. In some cases imctéagel of IgA and IgE, in three patients
decreased level of IgM was detected. Neither ofpatients needed regular IVIG substitution

therapy.

Therapy
Seven from nine boys went through HLA-identicabg#nic stem cell transplantation,
five of them were cured, two boys died. One patiesdi gene therapy. One patient died

without any curative treatment.

Family history

Family history was positive for WAS in only 2 ess

Family screening and prenatal genetic testing impfarian families with WAS

Genetic testing of Hungarian families with WAS ¥iexd totally 15 carrier women.
Prenatal genetic test was performed in three famiwhere the result was carrier female
foetus. In another family chorionic villus samplingrified wild type twins. In one family the
mother went through twice prenatal genetic testfirgt the male foetus carried the mutant
allel, in the second pregnancy the male foetosqat to be wild type.
One prenatal genetic test was performed in a Rugamily, the result was a healthy, wild

type boy.



Genetic testing of Hungarian patients

Molecular genetic analysis was performed in evidongarian male patients with
WAS. The first patient had two thymines deletionexon 1, that resulted in Stop codon at
amino acid position 36. Two females (mother, graotimr) proved to be carrier in his
family. Prenatal genetic diagnosis was also madehwherified carrier female foetus. The
second patients nonsense mutation caused cytdsimgfie exchange in exon 1. His mother
was wild type. The genetic analysis verified alsanassense mutation in exon 2 with
thymine/cytosine exchange in our third patient. enetic diagnosis in the fourth case
showed a known missense mutation in exon 2. Wed@nany carrier females in his family,
prenatal genetic diagnosis was performed whichltress another carrier female foetus. Our
next patient had hotspot mutation in exon 2 witig@gHis exchange. We performed prenatal
genetic testing in his two twin sibling at the 12ek of pregnancy, both of them was wild
types. In the fifth family the proband died in gachildhood, genetic testing was made in his
mother and during her second pregnancy, carriegusstaas found in both cases. Our next
patient had a novel nonsense mutation in exon thefWAS gene. Prenatal testing was
performed twice, at first the result showed the atiah in male foetus, the pregnancy was
terminated. At second time genetic analysis vetifiealthy male foetus. The eighth boy with
was had a small deletion mutation in exon 10, tbéer was carrier, his sister was wild type.
The last patients genetic analysis resulted incavknsplice site mutation in intron 9.

Next the results of genetic tests of large WAS cbisosummarized.

Type and location of WASP mutations
A total of 77 different WASP mutations were ideietif, 22 of which are first reported
here in a large cohort of patients from ECE coestriRussia, Turkey and Azerbaijan. We
detected 34 single basepair changes (20 missemksé&4anonsense mutations), 20 small, 2
large deletions és one complex (InDel) mutationsflite site defects and 8 small insertions.
The most common sequence variants were small detet{25.9%) and missense
mutations (25.9%), followed by nonsense (18.2%)¢casite (15.6%) mutations, insertions
(10.4%), large deletions (2.6%) and one complexatit (1.3%). We detected mutations in
all of the 12 exons except exon 9. In addition,spficing mutations were located at six
intronic parts of the WASP gene.
Exonic mutations were the most common types (83%i)ty-eight exonic mutations (59.4%)

were localized in the first four exons, less muatagi (12.5%) involved the middle part of the
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gene (5-8 exons), the last 3 exons carried more gefects (26.5%) and in one case the
whole WAS gene was deleted (1.5%). The introni¢ pathe gene was less affected, only
15.6% of mutations localized there, mostly in inté&

Mutations in all of the six previously describedtdpots were found in our cohort
(T45M (2), R86H (5), R86C (2), R211X (4), IVS6+5g&H, IVS8+1g>n (1), IVS8 + 1-6 del
gtga (3). These mutations affected 21 patients fi@nfamilies, totally 18.4% of all patients
had hotspot mutations. The most common involvgaetriwas in exon 2 that encodes Arg86.
Although occurring at the same rate as small dmlstimissense mutations were detected in
the largest group of patients (42), particularlyedo a presence of the same mutation in
several unrelated families. The most commonly &éig@@amino acids were Arg86 and Asp224
(in five and 7 males). Most of the missense muati(l6) were found in the first four exons
of the WASP gene and altogether only four missens&tions were detected in exons 7, 11
and 12. Small deletions were also common in the V&e. These deletions caused the lack
of 1-22 basepairs, except for two patients whoan&dge deletion of 322 nucleotide and the
deletion of the whole gene, respectively. Mosthaf tleletions occurred in the first six exons
of the WAS gene, five deletions were found in e206rand one in each of exons 11 and 12. In
one case the large InDel mutation involved bottexxdns 10 and 11. We found nonsense
mutations in 21 patients localized in 9 exons & WAS gene. Insertions and splicing
defects affected the middle regions of the WAS gémenost cases one cytosine or thymine
was inserted. Splicing defects occurred mostlyirons 6 and 8.

The 22 novel mutations were deletions (8), insedi¢6), nonsense (4) and missense
(2) mutations, splice site defects (1) and comglePel) mutations (1). Most of the new
mutations were found in exon 10 (5), 3 novel motaiwere located in each of exons 1, 2,
two novel gene defect occurred in both of exongdt HL. One novel mutation was identified
in each of exons 3, 5, 7, 8, intron 7 and at ti®m3-exon 4 boundary.

Small deletions of WAS gene were found to be commoour cohort. Known large
deletion mutations caused severe phenotype occurredly 2 cases. We described a novel
complex mutation in a Romanian boy which consistéa large deletion and an adenine

insertion.

Large deletion mutation of WAS gene
PCR was performed for the 12 exonsVBASPfrom the patient by using genomic
DNA. According to agarose gel electrophoresis oonekx-9 and 12 we detected appropriate

length bands and normal order of nucleotides wab/aed by sequencing. In case of exon 10

10



and 11 the amplicons were undetectable; this daggests a large deletion in samples of
patient. In order to determine the boundaries efdhbletion gDNA between exons 9 and 12
was amplified. In case of normal sequence the P@ORugat of exon 9-12 is 2816 bp length, in
sample of patient a smaller, about 1000 bp lengtipliaon was analyzed. Bidirectional
sequencing was used to analyze the order of nudé=otOn the chromatogram a 1595 bp
deletion and an adenine insertion were determivés performed the experiments in sample
of mother, after PCR checking by agarose gel elpbworesis two bands were identified due
to the normal and mutant alleles. By sequencing faxend a heterozygous ¢.5247-
6841del1595insA mutation. The InDel mutation lodaite the exon 10-11 and the intron 10-
11, the mutation caused a frame shift, the symlwgprotein was damaged (R439fs)

WASP expression in blood cells of the patient, histher and healthy controls was
examined by flow cytometry after intracellular siag. We determined the WASP expression
compared to isotype control. Cells isolated froma thother and healthy controls expressed
WASP, whereas negligible amount of WASP was evatliat PBMC of the patient. Western
blot analysis showed that PBMC derived from the hraptcontained full length WASP (66
kDa) similarly to that of travel and healthy comtreells. In contrast, WASP was not
detectable in PBMC of the patient.

Somatic reversion is rare, but known event in WA8re we describe the cases of somatic

reversion in Ukrainian siblings from our cohort.

Second site mutations and somatic reversion

Patient with classic WAS were proved to carry no8@C>T nonsense mutation in
exon 1, that resulted in Stop codon instead ofaghirie at amino acid position 20 of WASP.
Further investigations started in collaboratioiGiermany.

Patients’ routine laboratory results verified thimmytopenia, decreased B cell count,
inverted CD4/CD8 ratio. T cell proliferation assalys both patients showed decreased
proliferative responses upon CD3 stimulation, whiohild be partially rescued by additional
stimulation with human IL-2. Podosome analysis erigheral blood CD14+ monocytes
showed complete absence of podosomes in both fmatien

Flow cytometric analysis of WASP expression in PB3Vi@vealed the presence of
fractions of WASP-positive and WASP-negative callaong CD3+ lymphocytes and NK
cells. We performed flow cytometric sorting of WA$Bsitive and WASP-negative CD3+
lymphocytes from both patients, extracted DNA aeduenced all 12 exons of the WAS
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gene. The WASP-negative cells harbored the nonsengation (58C>T) verified earlier,
WASP-positive cells showed different second-siteéations within the same triplet.

At the clinical follow up of the two patients 18omths later, both patients had
decreased bleeding and eczema, their thrombocytetcdad risen to normal values. The
younger boy results showed improvement in CD8+ lyagyte- and NK cell count, but both

patients had persistent B cell ymphopenia. The fCID48 ratio remained inverted.

DISCUSSION

In this study we analyzed and presented genettaries of patients with WAS. Both
molecular genetic tests and examination of WAS gimotexpression was made. Nine

Hungarian male patients from 9 unrelated familigh WAS were described.

Hungarian patients and carriers with WAS
One case of the 9 Hungarian patients referred td,Xlvhere the only clinical

manifestation was thrombocytopenia. The other gpgitients suffered from classical WAS.
The most severe phenotype complicated with autoinitywul hrombocytopenia was the most
common symptom in every patient, which usually waated with transfusions. The mean
platelet volume was decreased in most of our patieRecurrent infections were also
common in all patients except two boys. Eczema avageneral symptom in eight of our
patients. Autoimmunity or malignancy was seen anlpne case. This phenomena could be
due to the young age of our patients and the ssamfesurative treatment that decreases the
risk of autoimmune and malignant complications oA8V The average WAS score was
between 3 and 4. The immunological laboratory fuggi (lymphocyte count, immunoglobulin
levels) were not typical in either of our cases.tBese parameters could be less important
than the clinical symptoms and the result of genatialysis. Stem cell transplantation was
performed in seven cases in the Hungarian groupaténts, two boys died due to severe
infections in the post transplantation period. Opettient went through gene therapy
procedure.

Molecular genetic analysis was performed in altre Hungarian patients and gene
defects of the WAS gene were revealed in all ofghmses. Known mutations of the WAS
were found in 8 patients. Hotspot mutation was tified in single case. The type of the

known mutations were deletions in 3 cases, missengations also in 3 cases and nonsense
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mutation is one case. Novel mutation was found ne boy, the gene defect resulted in
guanine to adenine exchange at 397 nucleotideipos$it exon 4. Triplet encoding glutamate
at amino acid position 133 was changed to Stop rcoddiich led to early termination of
protein synthesis. The gene defect resulted insidad/AS phenotype. Analysis of WAS
protein expression was not routinely performechim lHungarian group.

Carrier females were also tested in the Hungaaamlies and 18 carrier females were
identified. Prenatal genetic testing was perforrme& Hungarian and 1 Russian family and

totally eight foetuses were analyzed.

Mutations of the WAS gene in large cohort of patisewith WAS
We collected patients with WAS from 11 ECE coursridRussia, Turkey and

Azerbaijan. In those foreign countries where thdetwar genetic testing was not available,
their patients were analyzed in Debrecen. Totalypdrsons, 26 males and 20 females were
analyzed from Ukraine (8-8), Russia (8-5), Turk&y2j, Romania (3-2), Azerbaijan (2),
Poland (1-2) and Latvia (1-1). Genetic data ofguat from other seven countries were also
summarized.

Most of the mutations were found in the first faxons of the WAS gene, according
to literature. Hotspot mutations account for ne@0% of all patients included in this study,
our data was similar to the result of earlier studizfe most common hotspot mutation,
(Arg86His) resulted in severe classic WAS phenotiypa Hungarian boy in contrast to the
literature, where this mutation mostly appearenhilder XLT phenotype.

This most common type of mutations was the misstarse which affected the first 4
exons of the WAS gene. Large group of patientsesedf from deletions mutations as well,
these mutations were mostly small deletions. Ladgdetions were rare, as reported
previously, 2.6% of patient had this type of geméedt. Among these large deletions, one
novel complex mutation was described in detail. lesertions were found, but most of them
(75%) proved to be novel mutations. We detectedatiauts in all of the 12 exons except exon
9. Exon nine seems to be not the mostly affectetdgbahe WAS gene according to literature.
Nearly half of the splice site defects were hotspatations.

A total of 77 different WAS gene mutations werentiiteed, 22 of which were novel.
The novel mutations were deletions (36.3%), ineg#&i(27.2%), nonsense (18.1), missense (9
%), splice site defects and complex mutations 434), respectively. Eight-teen out of 22
novel mutations were frame shift deletions or frashét insertions or nonsense mutations

resulting in a premature termination of protein thgsis, and thus can be considered as
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pathogenic ones. The huge WAS database which osntaore than 300 different mutations
of the WAS gene was enriched with our novel 22 tnuta described here.

Approximately 80% of our WAS cases based on knowatations of the WAS gene.
The most severe phenotypes were caused by nonsenagons or deletions. Large deletions
of the WAS gene are rare, here we identified a him2el mutation in a Romanian boy and

were summarized the large deletions of WAS generitesl earlier.

Large deletions of the WAS gene

Deletions in WAS were in most cases identifiedsasrt (1-12 bp) whereas the
occurrence of large deletions have been rare. Tiesetic aberrations can span from a single
exon to larger regions involving two or more examish the encompassed introns or, in
certain cases, the entire gene can be deleted.wéereviewed the literature describing large
deletions together with their genomic and clinifedtures and extend the list with a newly
identified deletion mutation.

We report here the identification of a mutationeating WAS in a Romanian patient
based on laboratory and clinical findings. His niotaproved to be a novel InDel localized
to the 3’ end of th&VASgene. Genetic analysis revealed that a breakpoturred in exon
10 at nucleotide position 5246 OVAS and resulted in a 1595 bp deletion with a single
adenine insertion at the site of the deletion. aberration causes the loss of part of exon 10,
lack of the entire intron 10 and exon 11 and theigddoss of intron 11.

Among all the mutations that have been identifiedMAS, large deletions constitute
an extremely small fraction. Based on this limitednber of known cases no preferentially
affected gene regions can be identified. All of ldmge deletions led to either the total loss of
WASP or to the expression of a nonfunctional tréedavariant. These were manifested
without exception in severe classical WAS phenaotypeerefore, early detection of large
deletion mutation is crucial in order to initiateetapies including stem cell transplantation or
gene therapy.

Rare case of second-site mutations and spontandousal reversion was seen in two

brothers and described.
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Second-site mutations and somatic reversion
Ukrainian siblings with classical WAS phenotype ®eproved to carry novel

nonsense mutation in exon 1 of the WAS gene. Aftaretic diagnosis allogenic stem cell
transplantation was planned but no donor was fanrelther cases. So patients travelled to
Germany where they were admitted to gene therapgram and further examinations were
made in collaboration with Prof. Dr. Cristoph KleM/AS protein expression was found in
both patients in contrast to their nonsense mutaticat result led to the theory of somatic
reversion which is a known but rare phenomena inSVA

While the majority of cases of somatic mosaicismWAS is caused by true back
reversions, more rare scenarios of second-sitetionsaeading to altered but functional gene
products have also been observed. The study oftsomasaicism due to secondary somatic
mutations is of considerable interest for the peaspf gene therapy, as it supports the
concept of a potential proliferative advantage eriercorrected cells.

The cases presented here are remarkable in sasgatts. Our analyses show that
both affected siblings have somatic mosaicism fokSMwvith the large majority of CD8+
lymphocytes and NK cells expressing WAS proteircrdasing expansion of WASp-positive
lymphocytes over time in a WAS patient with revettanosaicism, is due to proliferative
advantage. The precise mechanism underlying thiegindgs is unclear at present. An
alternative hypothesis could be environmental erflces that the patients may have
experienced.

SUMMARY

The diagnosis of WAS should be considered in ewase of male patients with
thrombocytopenia and early death of male infantéfamily. The typical clinical triad of
WAS consist of microthrombocytopenia, recurreneations and eczema. Molecular genetic
analysis is essential in WAS beside the clinicad #aboratory findings. Genetic analysis
helps to find out the background of milder formd.TXiXLT) as well. As in every X-linked
genetic disorder, analysis of potential carrierdésms is also important in WAS. WAS is a life
threatening disease and at present the only carstatment is stem cell transplantation. Due
to the limitations (donor problem, severe immungsapsion) of this procedure, new curative
treatments, as gene therapy are urgently need@\s.

In this review we presented the genetic diagno ldungarian families with WAS.

Family screening revealed 18 carrier females aedaial diagnosis was made in 5 cases in
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the Hungarian group and in 1 case of a Russian woResults of genetic analysis of patients
and carriers from 11 ECE countries, Russia, Tuikeg Azerbaijan were also summarized.
Disease causing mutations of WAS gene were analyaidbidirectional DNA sequencing
in patients and their family members. Totally 11dlenpatients and 63 carrier females were
involved, 77 different types of WAS gene mutatiovere found with 22 novel gene defects.
The features of mutations fitted to literature.dexdeletion mutations of WAS gene were also
reviewed in conjunction with the analysis of nowamplex InDel mutation. Somatic
reversion due to independent, second-site mutatregre find in Ukrainian brothers and
presentedThis study has covered the largest group of patieith WAS from ECE countries
according to our knowledge.
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