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Abstract

Purpose X-linked agammagobulinemia (XLA) is a primary
immunodeficiency caused by Bruton’s tyrosine kinase
(BTK) gene defect. XLA patients have absent or reduced
number of peripheral B cells and a profound deficiency in
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all immunoglobulin isotypes. This multicenter study re-
ports the clinical, immunological and molecular features
of Bruton’s disease in 40 North African male patients.

Methods Fifty male out of 63 (male and female) patients di-
agnosed with serum agammaglobulinemia and non detectable
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to less than 2 % peripheral B cells were enrolled. The search
for BTK gene mutations was performed for all of them by
genomic DNA amplification and Sanger sequencing.

Results We identified 33 different mutations in the BTK gene
in 40 patients including 12 missense mutations, 6 nonsense
mutations, 6 splice-site mutations, 5 frameshift, 2 large dele-
tions, one complex mutation and one in-frame deletion.
Seventeen of these mutations are novel. This large series
shows a lower frequency of XLA among male patients from
North Africa with agammaglobulinemia and absent to low B
cells compared with other international studies (63.5 % vs
85 %). No strong evidence for genotype-phenotype correla-
tion was observed.

Conclusions This study adds to other reports from highly con-
sanguineous North African populations, showing lower fre-
quency of X-linked forms as compared to AR forms of the
same primary immunodeficiency. Furthermore, a large num-
ber of novel BTK mutations were identified and could further
help identify carriers for genetic counseling.

Keywords XLA - BTK - novel mutations - north african
population

Introduction

X-linked agammaglobulinemia (XLA; MIM# 300300), first
described in 1952 [1], represents the prototype for primary
immune deficiencies and was among the first monogenic
immunological disorders for which a genetic cause has
been discovered [2]. XLA phenotype is characterized by
dramatically reduced or absent mature B lymphocytes (less
than 2 % of total lymphocytes), which is caused by a dif-
ferentiation blockage affecting the transition of B cell pro-
genitors to mature B lymphocytes [3]. Affected individuals
have profound hypogammaglobulinemia and thus show in-
creased susceptibility to severe and recurrent bacterial infec-
tions [4]; including infections of the upper and lower respi-
ratory tract and the skin, meningoencephalitis, gastroenteri-
tis and conjunctivitis [S]. Age at onset is usually between 6
and 12 months of age, coinciding with the catabolism of
maternal IgG. XLA patients may also develop purulent and
non-purulent arthritis, osteomyelitis, and protracted entero-
virus infection [5]. The prognosis for individuals with XLA
has improved markedly in the last 25 years as a result of
earlier diagnosis, antibiotic therapy and mainly the use of
replacement gammaglobulin (intravenous or subcutaneous)
allowing normal concentrations of serum IgG to be
achieved [6].

Although described in 1952, the underlying genetic de-
fect of XLA was only identified in 1994, simultaneously by
Sideras et al., and Ohta et al. Bruton’s tyrosine kinase gene
(BTK), a member of the Tec family of kinases, is localized
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on Xq21.3-Xq22 and was found to be mutated in the ma-
jority of male patients presenting with agammaglobulinemia
[7, 8]. More than 85 % of patients with defect in early B cell
development have X-linked agammaglobulinemia caused by
mutations in BTK gene. At present, 2152 different BTK gene
mutations, have been reported in the international mutation
database designated BTKbase (http://structure.bmc.lu.se/
idbase/BTKbase/index.php? content=index/IDbases) Half
of the remaining patients, which are generally assigned to
the autosomal form of the disease, have mutations in genes
encoding for pre-BCR and/or BCR complex; such as IGHM,
CD79a, CD79b and IGLL1. In addition, mutations in BLNK
gene encoding a scaffold protein that binds to B7K or mu-
tations in PIK3R1 gene, a kinase involved in signal trans-
duction in multiple cell types may underly AR agammaglob-
ulinemia. Recently, autosomal-dominant agammaglobulin-
emia mode of inheritance due to a recurrent mutation in
TCEF3, a transcription factor required for control of B cell
development has been identified [9].

Barbouche et al. have reported that unlike European
and North American patients, the high rate of consan-
guinity in North African populations is often associated
to a higher prevalence of autosomal recessive forms of
inheritance as compared to X-linked forms in primary
immunodeficiencies [10]. This is the case for CGD and
hyper IgM syndrome [11, 12]. In this context, we herein
aimed to assess the frequency of XLA in North African
male patients and determine the spectrum of BTK
mutations.

Material and Methods
Patients

A total of 63 North African patients (50 males and 13
females) were shown to have agammaglobulinemia with
less than 2 % circulating B cells. The Fifty male pa-
tients belonging to 45 unrelated families were included
in this study, 50 (19 from Algeria, 16 from Morocco,
and 15 from Tunisia). Ethical approval has been obtain-
ed from respective Institutional Review Boards. The re-
ferring physicians carried out structured interviews to
collect demographic and clinical data.

XLA was considered according to the diagnostic criteria for
XLA developed by the Joint European Society for
Immunodeficiencies/Pan American Group for
Immunodeficiencies Committee [13]. Male patients were con-
sidered with XLA if they had recurrent bacterial infections in
the first 2 years of life, serum IgG/A/M of 2 SD below normal
range for age, CD19+ B cells of <2 %. Definitive diagnosis of
XLA was made if a BTK mutation was identified.
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Molecular Analysis of BTK Gene

Genomic DNA was purified by phenol-chloroform from pe-
ripheral blood. Polymerase chain reaction (PCR) amplifica-
tion was then carried using primers for coding exons and
flanking intron sequences of the XLA gene: Eight separate
polymerase chain reaction (PCR), including five regular
PCR (product size<1 kb) and three long PCR (product size
of 1.8-3.9 kb), were performed using primers and conditions
as previously described [14, 15]. AmpliTaq Gold DNA
Polymerase System (Applied Biosystem, Foster City, CA,
USA) was used for regular PCR and Expand High Fidelity
PCR System (Roche Diagnostics GmbH, Mannheim,
Germany) was used for long PCR. PCR products were direct-
ly sequenced using either the original PCR primers or the
nested intron-flanking primers. Sequence analysis with the
BTK reference sequence (Accession: U78027) were per-
formed using the National Center for Biotechnology
Information program Basic Local Alignment Search Tool
(http://www.ncbi.nlm.nih.gov/BLASTY/).

In silico, prediction of missense mutations was realized by
two software: SIFT (Sorting Intolerant From Tolerant) and
PolyPhen-2 (Polymorphism Phenotyping).

Statistical Analysis

Kruskal-Wallis test was used to compare quantitative data. P-
values less than 0.05 were considered as statistically signifi-
cant. All statistical analyses were performed using STATA
software, version 11.0.

Genotype-Phenotype Correlation

We classified the mutations as severe and less severe as pre-
viously described [16, 17]. Less severe mutations are missense
mutations affecting non conserved residues and mutations in
non-invariant splicing positions. As for disease severity, it was
indicated by the age of onset and the occurrence of blood-
stream infections, central nervous system infections and
deep-seated infections [17].

Results
Demographic and Clinical Features

We included 50 male patients from 45 unrelated families. A
BTK mutation was found in 40 patients. For the XLLA patients,
mean age at diagnosis was 45.42 (4-180) months, with a
median age at diagnosis at 36 (18.75—-60) months. Mean age
at onset was 13.28 (2—48) months, with a median age at onset
of 9 (6-12) months. Mean delay in diagnosis was 28.94 (0—
132) months, with a median delay of 19.5 (6-—43.5) months.

Sixteen patients had a positive family history (death at a young
age, similar clinical features or identified agammaglobulin-
emia in a brother or relatives from maternal side). The mean
age at diagnosis among these patients was 36.31 months
which was lower than that in sporadic cases (47.31 months).
Clinical features were available for all XLA patients.
Recurrent respiratory tract infections were the most common
clinical features (37=92.5 %), including 22 cases of pneumo-
nia and 6 complications by bronchiectasis. These manifesta-
tions are followed by otitis media (19=47.5 %), chronic diar-
rhea (17=42.50 %), arthritis (15=37.5 %) and meningitis
(11=27.5 %). Five cases of septicemia and 4 cases of osteo-
myelitis were also reported (Tables 1 and 2).

Genetic Analysis

Analysis of exons 1 to 19 and the flanking intronic regions of
the BTK gene revealed the presence of 33 different mutations
in 40 patients from 35 unrelated families, including 12 mis-
sense mutations, 6 nonsense mutations, 6 splice-site muta-
tions, 4 frameshift, 2 large deletions, one in frame deletion
and two complex mutation (one indel and one double muta-
tion). Among them, 17 are novel mutations including 5 mis-
sense mutations (c.308 A>C, ¢.1076 T>G ¢.1563C>G,
c.1762 T>G and ¢.1939C>T), 3 frameshift mutations
(c.1031 _1037delATTACCT, c.1656-1657insCA and
c.1845 1846insGT), 3 Splice site mutations (c.241-1G> A,
c.975+1G>T, and ¢.1750+2 T>C), one nonsense mutation
(c.1181C> @), one in frame deletion (c.1226 1243
del GGACTGGACAATTTGGGG), 2 complex mutations.
(c.487 491del ATGGG ins T and c.1401 1402 GC>TT)
and 2 large deletions (Exon 1 del and Ex2-19 del,)
(Supplementary Data, Table 1 and Fig. 1).

Seventeen out of 33 mutations identified in the BTK gene
were located in the Tyrosine kinase domain (TK), 6 in the
Pleckstrin homology domain (PH),4 in the Src homology 2
domain (SH2) 2 in Src homology 3 domain (SH3) and 2 in
Tec homology domain (TH) (Supplementary Data, Fig. 1).

In addition, 1 frameshift mutation is predicted to affect both
domains SH2 and TK domains and two mutations (a large
deletion and exon 1 deletion) are predicted to affect the trans-
lation of the protein.

Genotype-Phenotype Correlation

Thirty eight patients among the 40 with genetic confirmation
of XLA had “severe” mutations and two had “less severe”
mutations (Supplementary Data, Table 1). Genotype—pheno-
type correlation analysis did not reveal a clear-cut correlation
between severity of mutation, as defined in Material and
Methods section, and clinical phenotype. Nevertheless, a sig-
nificant correlation between age at onset and type of mutations
was observed. Indeed, nonsense and frame shift mutations
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Table 1 Clinical spectrum of 40

XLA patients in the time of Clinical Features Iran [18] (1980-2005)  Chine [17] 1988-2008  USA [5] 1988-1997  Our series

diagnosis and comparison with

previously published series XLA patients 34/37 62/67 201 40/50
Pneumonia 32 (86.0) 45 (72.6) 125 (62.0) 22 (55.0)
Otitis media 34 (92.0) 23 (37.1) 140 (70.0) 19 (47.5)
Sinusitis 35(95.0) 14 (22.6) 119 (59.0) 3(7.5)
Bronchiectasis 6 (17.6) 6(9.7) NA 6 (15.0)
Diarrhea 29 (51.0) 18(29.0) 46 (23.0) 17 (42.5)
Arthritis 9(25.0) 18 (29.0) 15 (07.0) 15 (37.5)
Meningitis 9(25.0) 8(12.9) 25(12.0) 11 (27.5)
Skin infections NA 16 (25.8) 36 (18.0) 6 (15.0)
Septicemia NA 8(12.9) NA 5(12.5)
Osteomyelitis NA 1(1.6) 6 (03.0) 4(10.0)
Gingivo-stomatits NA NA NA 3(7.5)
Urinary inf 2 (5.00) NA NA 2(5)
Conjunctivitis 16 (43.00) 7(11.3 %) 42 (21 %) 1(2.5)

Others: 1 Uveeitis, 1 Thrush, 1 Guillain Barré, NA Not Available

were seemingly more severe with an early onset while aber-
rant splicing mutations wereless severe with delayed onset
(p=0.0067) (Table 3).

Discussion

In this work, we reviewed the clinical and genetics character-
istics of a large cohort of patients diagnosed with XLA from
three North African countries (Algeria, Morocco, and
Tunisia). As expected a higher percentage of autosomal reces-
sive forms in agammaglobulinemia North African patients
due to the high rate of consanguinity was observed. Indeed,
parental consanguinity was reported in 32.1 % of all 63 pa-
tients presenting agammaglobulinemia with less than 2 % cir-
culating B cells, and only 17.1 % in XLA patients, similarly to
consanguinity rate recorded in the corresponding general pop-
ulation (15-25 %) [10]. Among the 50 investigated male pa-
tients, which achieved the clinical diagnosis criteria for XLA,
40 of them have confirmed XLA diagnosis by the presence of
mutations in BTK gene. The remaining 10 male patients as
well as 13 females were assigned to the autosomal recessive
forms of the disease (unpublished data). Thus, in our North
African setting XLA represents only 63.5 %, while in Western
countries BTK mutations are found in 85 % of all congenital
agammaglobulinemia patients [16]. This finding confirms the
hypothesis of the emergence of autosomal recessive forms in
highly consanguineous North African populations.

Almost all patients developed symptoms within the first
year of life. The median age at onset of disease was 9 months;
this is in accordance with that observed in Iranians patients
(10 months) [18]. However, the median of diagnostic age in
our patients was 36 months which is less than in others
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studies: 42 months in Argentina, 48 months in Iran and
84 months in China [17-19].

All patients described in this study developed symptoms
attributed to agammaglobulinemia including recurrent bacte-
rial infections and severe hypogammaglobulinemia. The ma-
jor clinical manifestations were an increased susceptibility to
respiratory tract infections. A relatively high incidence of ar-
thritis and diarrhea and low incidence of skin infection was
also observed. When compared to other series, our cohort is
clinically similar to the Iranian cohort [18] except for ENT
infections and conjunctivitis that were more common in
Iranian patients. We also noted a higher incidence of osteomy-
elitis, compared to Chinese and US cohort 5, 17], as well as a
relatively high proportion of bronchiectasis compared to the
Chinese cohort [17]. These features, considered as severe
complications, can be explained by a delayed diagnosis in this
group of patients (Mean age at diagnosis of 55 months for
bronchiestasis and 32 months for osteomyelitis, vs 24 months
in whole series). Other factors can intervene, such as poor
patient management and lack of compliance with treatment
in our region.

Genetic investigation revealed 33 different mutations in
the BTK gene, among which 17 (48.48 %) were not previ-
ously reported at the best of our knowledge. Sixteen
(48.48 %) out of 33 mutations were located in the Tyrosine
kinase domain (TK), 6 (18.18 %) in the Pleckstrin homology
domain (PH), 4 (12.12 %) in the Src homology 2 domain
(SH2), 2 (6.06 %) in Src homology 3 domain (SH3), and 2
(6.06 %) in Tec homology domain (TH). These findings were
in accordance with the distribution of mutations in different
domains in BTKbase (http://bioinf.uta.fi/BTKbase), in which
47.1 % (590/1252) were found in the TK domain and 21.5 %
(270/1252) in PH domain.
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Table 2 Demographic and clinical features of 40 XLA patients
Patient Origine Age at Age at Time to FH Clinical manifestations Immunoglobulines g/) % B
onset (m) diag(m) diag (m)
IgG IgM IgA
1 AG 7 19 12 No Otitis, Pneumonia, diarrhea, meningitis. <1,86 <0297 <0,28 1
2 AG 12 36 24 No Pneumonia, meningitis. <1,86 <0,297 <0,28 0.3
3 MA 11 14 3 Yes Pneumonia, diarrhea, chronic bronchitis. <198 <026 <037 0
4 TU 7 15 NA Diarrhea, failure to thrive and recurrent ND ND ND <05
bronchopneumopathies. Osteomyelitis.
5 TU 3 4 1 No Pneumonia, recurrent bronchopneumopathies. 2.30 ND ND <05 %
Secondary pulmonary infection
(Pseudomonas aeroginosa and Enterobacter
cloacae) following localized axillary
BCG-itis .
06a AG 9 16 Yes Meningitis (Haemophilus influenzae), otitis .~ <1,86 <0,297 <0,28 0
06b AG 8 8 Yes Pneumonia. Trisomy 21, cardiopathy. <1,86 <0297 <0,28 0.28
7 AG 7 12 No Pneumonia, otitis, bronchopneumonia, <1,86 <0,297 <0,28 0.15
diarrheae, septicemia (Haemophilus
influenza)
8 AG 6 72 66 No Pneumonia, Bronchiectasis, diarrheae, otitis, <1,86 <0,297 <0,28 0
pericarditis, osteoarthritis, meningo-
encephalitis, septicemia.
9 AG 6 60 54 No Pneumonia. <1,86 <0,297 <0,28 0
10 AG 12 48 36 No Nasopharyngitis, Pneumonia, bronchiectasis <1,86 <0,297 <0,28 0
11 AG 16 42 26 No Athritis, urinary infections (Pseudomonas). <1,86 <0,297 <0,28 0
12a TU NA 36 NA No Pneumonia. Recurrent otitis <23 0.03 <0.36 <0,5 %
12b TU NA 20 NA Yes Pneumonia, Recurrent cutaneous infections and 2.32  0.42 0.17 0%
bronchitis.
13 TU 12 84 72 Yes Recurrent bronchopneumopathies, herpetic 072 032 ND 03
gingivo stomatitis, meningitis complicated
with bilateral deafness. Pneumonia and
septicemia (Pneumococcus). Guillain-Barré
syndrome.
14 TU NA 180 NA NA Pneumonia, recurrent otitis, osteomyelitis, <0.1 0.23 ND 0
sinusitis and an acute bronchitis (Hemophilus
influenza).
15 MA 9 34 25 Yes Pneumonia, bronchiectasis, otitis, arthritis, 0.5 0.11 023 0
recurrent anal fistula, ATHA.
16 MA 8 120 112 Yes Pneumonia, otitis, diarrhea, purulent ND ND ND 0
conjunctivitis, septicemia, bronchiectasis.
17 MA 13 25 12 No Pneumonia, otitis, diarrhea, gingivitis, 0.83 0.18 <0.04 0
pancytopenia, skin necrosis post-
circumcision .
18 MA 12 87 75 No Pneumonia, otitis, diarrhea, osteomyelitis, <0.30 0.05 <0.05 0.1
hepatomegaly.
19 AG 2 36 34 No Bronchitis, skin infections (Pseudomonas) . 2.13  <0,297 <0,28 0
20 AG 6 12 6 No Pneumonia. <1,86 <0,297 <0,28 0.15
21 AG 6 48 42 No Pneumonia, diarrheae, meningitis, otitis, skin ~ <1,86 <0,297 <0,28 0
infections, septicemia.
22 AG 48 48 0 No Pneumonia, thrombocytopenia . <1,86 <0,297 <0,28 0.16
23a TU 3 24 21 Yes Recurrent bronchopneumopathies, recurrent ND ND ND 0
thrush, infectious dermatitis and diarrhea.
23b TU NA 36 NA Yes Recurrent pneumoia, chronic diarrhea and ND ND ND 05
failure to thrive.
24 TU NA 48 NA No Multifocal arthritis and otitis 0.05 ND ND 05
25 MA 12 60 48 No Pneumonia, otitis, diarrhea. 1.18 0.34 238 0
26 MA 5 18 13 Yes Pneumonia, otitis, arthritis, diarrhea, <2.11 0536 <035 0
osteomyelitis.
27a MA 5 11 6 Yes Pneumonia, mengitis, arthritis. 0.07 0.04 <0.01 0
27b MA 8 30 22 Yes Pneumonia, arthritis, tuberculosis. 0.3 0.05 004 0
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Table 2 (continued)

Patient Origine Age at Age at Time to FH Clinical manifestations Immunoglobulines g/) % B
onset (m)  diag(m)  diag (m)
IgG  IgM IgA
28a AG 24 72 NA Yes Otitis, Pneumonia, bronchiectasis. <1,86 <0,297 <0,28 0
28b AG 48 48 0 Yes Otitis, sinusitis, bronchopneumonia, méningitis <1,86 <0,297 <0,28 0
29 AG 2 8 6 No Skin inftion, meningitis and septicemia <1,86 <0,297 <0,28 0.8
(Pseudomonas aeruginosa), otitis, diarrheae,
splenomegaly .
30 MA 36 80 44 No Pneumonia (Pseudomonas Aeruginosae), 1.71 0.13 0.19 0
pleuritis, otitis (Pseudomonas Aeruginosae),
arthritis, atopy.
31 MA 12 56 44 No Pneumonia, arthritis, diarrhea, gingivo- 32 0.25 025 0
stomatitis, arthralgia, oral candidiasis,
braonchiectasis .
32 MA 12 144 132 No Pneumonia, diarrhea, arthritis, meningitis, <142 <0.17 <023 1.1
encephalitis, hemiparesis, facial paralysis.
33 TU 12 22 10 Yes Otitis, pneumonia, urinary tract infections. ND ND ND 0
Lymphocytic meningitis after vaccination
and a paraparesia.
34b TU 42 60 18 No Pneumonia, recurrent bronchopneumopathies, 3.9  ND ND <0.5 %
sinusitis. recurrent uveitis.recurrent diarrhea
and Angioimmunoblastic T-Cell Lymphoma.
34a TU 24 24 0 Yes Recurrent pneumonia. 597 <0.148 <0.17 <0.5 %

FH family history, ND No Detectable, N4 Not Available

All missense mutations were predicted to be possibly or
probably damaging by Polyphen2 and/or SIFT algorithms
(Supplementary Data, Table 1). The previously unreported
missense mutation p.Q103P, in PH domain, identified in pa-
tient P16 was predicted would be damaging by SIFT AND
Polyphen 2, clinically this patient presents early age at onset
(9 months) and has developed broncho-pneumopathy and
diarrhea.

The arginine to cysteine substitution at codon 28 (p. R28C)
of the CpG site in BTK gene was found in a Moroccan patient
(p18). Arginine 28 is involved in binding potential ligands
such as phospholipids [20], other mutations in this codon are
cited in several studies [21-26]. This mutation showed a mild
clinical phenotype in literature [27]. However, our patient pre-
sented a severe clinical phenotype, with onset at 12 months
and clinical features dominated by bronchopneumopathy, di-
arrhea, osteomyelitis and hepatomegaly.

The Tsukada study in 2001 showed that the SH2 domain is
essential for phosphorylation and activation of the

phospholipase C-c and that BLNK and SH2 interaction pro-
mote this activation. This study also confirmed that mutations
in SH2 domain induced XLA [28]. In our study, unreported
missense mutations was identified in this domain, in an
Algerian patient (p9), p.1359S, POLYPHEN 2 predicted that
mutation would be damaging, this in favor of the hypothesis
of a disease-causing effect. In the same domain, one novel
mutation ¢.975+ 1G> T was described in patient P30, accord-
ing to Human Splicing Finder, this mutation caused a splicing
error by the change in the splice junction from GGGT to
GGTT.

Two other novel mutations was found in SHI domain: p.
D521E in one Algerian patient (p8) and p.W588G in two
Tunisians brothers (p12a and p12b). The D521 residue cannot
be substituted by any other amino acid and mutations in this
site affect the putative catalytic site in BTK [29, 30]. The
W588 residue is conserved in the family of Tyrosine kinases,
this suggests an essential role of these residues in the structure
and function of the BTK protein [31]. Another mutation in this

Table 3  Correlation between age at onset, age at diagnosis, time at diagnosis and type of mutations in North african XLA patients
Aberrant Complex Deletion Insertion Missense Nonsense P-value
splicing
Age at onset (Median[IQR]) 24 [12-39] 6.5 [2-11] 7.5 [6-9] 5[3-71 12 [7-12] 5[3-8] 0.0067
Age at diagnosis (Median[IQR]) 58 [36-76] 25 [14-36] 15.5 [12-36] 11.5 [4-19] 54 [34-84] 27 [14.5-42] 0.0101
Time at diagnosis (Median[IQR]) 44 [18-44] 18.5[3-34] 8 [7-24] 6.5 [1-12] 48 [25-72] 13 [6-21] 0.0558

IOR interquartile range
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codon p.W588R was defined in a patient from central Europe
[31]. in this domain, too, Another new missense mutation
L647F was found in a Moroccan patient (p17), who presented
at the time of diagnosis a pancytopenia and some infections
such as pneumonia, otitis and Diarrhea. Also in this domain,
the unreported in frame deletion (c.1226 _1243delGGACTGG
ACAATTTGGGG) lead to excision of 5 amino acids which
are conserved (Supplementary Data, Fig. 2), and was found in
two Algerian brothers (p0O6a and p06b). Clinically the patient
06a had a severe phenotype characterized by the early onset of
the disease at the age of 9 months and meningitis infection; his
brother presented at 8 months with pneumonia, a trisomy 21
and cardiomyopathy. Interestingly, in the SH1 domain, the
same mutation ¢.1631+1G> A had been identified in two
Tunisians brothers and a one Moroccan patient. This mutation
has been previously reported [19].

We expected a correlation between the severity of muta-
tions (based on the type of mutations) and the clinical pheno-
type, as it was shown in several studies [17, 23, 32, 33].
Statistical analysis showed no significant correlation between
severity of mutations and clinical phenotype. In contrast, sig-
nificant correlations were found between type of mutation and
age at onset and at diagnosis.

Conclusion

In summary, this is the largest North African cohort describing
mutations in the BTK gene. The characteristics of B7K muta-
tions were generally maintained to that reported in other re-
gions and several novel mutations are reported. Molecular
analysis of the BTK gene is an enabling tool for the diagnosis
of XLLA and is essential for genetic counseling. This study also
highlighted the emergence of autosomal recessive forms in the
North African region.
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