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What is already known about this topic? LPS-responsive and beige-like anchor protein (LRBA) deficiency leads to a
broad spectrum of clinical phenotypes including autoimmunity, chronic diarrhea, hypogammaglobulinemia, and recurrent
infections.

What does this article add to our knowledge? LRBA deficiency is an immune dysregulation syndrome without any
genotype-phenotype correlation. Autoimmune disorders are the main clinical manifestations in LRBA deficiency.

How does this study impact current management guidelines? LRBA deficiency should be included in the list of
monogenic autoimmune diseases and should be routinely screened for in patients with immune dysregulation. He-
matopoietic stem cell transplantation is a promising treatment for LRBA-deficient patients with severe and complicated
clinical manifestations.
BACKGROUND: LPS-responsive beige-like anchor protein
(LRBA) deficiency is a primary immunodeficiency and immune
dysregulation syndrome caused by biallelic mutations in the
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LRBA gene. These mutations usually abrogate the protein
expression of LRBA, leading to a broad spectrum of clinical
phenotypes including autoimmunity, chronic diarrhea, hypo-
gammaglobulinemia, and recurrent infections.
OBJECTIVE: Our aim was to systematically collect all studies
reporting on the clinical manifestations, molecular and
laboratory findings, and management of patients with LRBA
deficiency.
METHODS: We searched in PubMed, Web of Science, and
Scopus without any restrictions on study design and publication
time. A total of 109 LRBA-deficient cases were identified from 45
eligible articles. For all patients, demographic information,
clinical records, and immunologic and molecular data were
collected.
RESULTS: Of the patients with LRBA deficiency, 93 had
homozygous and 16 had compound heterozygous mutations in
LRBA. The most common clinical manifestations were
autoimmunity (82%), enteropathy (63%), splenomegaly (57%),
and pneumonia (49%). Reduction in numbers of CD4D T cells
and regulatory T cells as well as IgG levels was recorded for 21.6%,
65.6%, and 54.2% of evaluated patients, respectively. B-cell
subpopulation analysis revealed low numbers of switched-
memory and increased numbers of CD21low B cells in 73.5% and
77.8% of patients, respectively. Eighteen (16%) patients under-
went hematopoietic stem cell transplantation due to the severity of
complications and the outcomes improved in 13 of them.
CONCLUSIONS: Autoimmune disorders are the main clinical
manifestations of LRBA deficiency. Therefore, LRBA deficiency
should be included in the list of monogenic autoimmune
diseases, and screening for LRBA mutations should be routinely
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INTRODUCTION
LPS-responsive and beige-like anchor protein (LRBA) defi-

ciency is a primary immunodeficiency caused by biallelic muta-
tions in LRBA that often abrogate expression of LRBA.1 Initially,
LRBA deficiency was characterized as a common variable im-
mune deficiency with autoimmune complications, because
LRBA-deficient patients often presented with recurrent in-
fections, hypogammaglobulinemia, and abnormalities in B-cell
subsets.2-4 However, according to the International Union of
Immunological Societies, LRBA deficiency is classified as a dis-
ease of immune dysregulation with autoimmunity due to regu-
latory T (Treg)-cell defects.5

Several studies reported that the most frequent clinical man-
ifestations in LRBA deficiency are infectious complications
(specifically in pulmonary and gastrointestinal tracts), lympho-
proliferative disorders, enteropathy (often with villous atrophy),
allergic symptoms, and autoimmunity (mostly autoimmune
cytopenias and autoimmune endocrinopathies).1,2,6 Moreover,
hypogammaglobulinemia, CD4þ T-cell abnormality (mostly
Treg cells, TH17 cells, and follicular helper T cells), natural
killerecell reduction, and B-cell abnormality (increased numbers
of CD21low B cells, decreased class-switched and marginal-zone
B cells) are also documented in LRBA deficiency.2,7,8 Recently,
Lo et al9 called this autosomal-recessive disease “LRBA deficiency
with autoantibodies, Treg-cell defects, autoimmune infiltration,
and enteropathy,” which emphasizes the most prominent fea-
tures of the disorder.

As expected, since the first published cases in 2012,10 the
numbers of LRBA-deficient patients have increased so that LRBA
is one of the major genes identified with disease-causing muta-
tions in common variable immunodeficiency cohorts.2 There-
fore, we aimed to systematically collect the reported LRBA
deficiency cases in the literature so far and analyze their clinical
records, molecular and immunological findings as well as treat-
ment details to prepare guidelines to assist physicians in diag-
nosing and managing patients with LRBA deficiency.

METHODS

Search strategy
A comprehensive search, limited to English language, was per-

formed using PubMed, Web of Science, and Scopus databases: The
search terms “Lipopolysaccharide-responsive beige-like anchor pro-
tein” or “LPS-responsive beige-like anchor protein” or “LRBA pro-
tein” or “LRBA” or “LPS-responsive beige-like anchor deficiency” or
“LRBA deficiency” or “LRBA immunodeficiency” or “LRBA mu-
tation” were used in various combinations for calling articles without
restrictions on study design and/or publication time. The search was
conducted using these terms in the keywords, titles, and abstracts
until February 2019. Reference list of all full-text articles were hand-
searched and gray literature was reviewed for additional studies as
were the reference section of major reviews.

Study selection

The inclusion criteria were (1) cohort and case-series studies
reporting on the clinical, immunological, and molecular findings of
patients with LRBA deficiency and (2) the case series or case reports
in patients with LRBA deficiency and original studies with patients
with primary immunodeficiency whose molecular analysis showed a
mutation in the LRBA gene. Studies were excluded if they did not
report a definitive mutation in the LRBA gene or were not in En-
glish. All study selection processes were performed by 2 reviewers,
whereas the third one was consulted in resolving any conflicts that
might arise from the overall result of the search. All articles were first
classified into 3 categories on the basis of their title and abstract: (1)
Eligible, (2) Ineligible, and (3) Unclear (the full-text versions of all
the unclear group articles were screened and subsequently reclassified
into group 1 or 2). Any disagreement between the 2 investigators
about the eligibility of an article was solved by the third reviewer. In
some cases, corresponding authors of the articles were contacted.

Data extraction and quality assessment
Data of all included studies were entered in a standardized

Microsoft Excel spreadsheet. Data collected included name of the
first author, year of publication, number of participants, and de-
mographic information of patients with LRBA deficiency. In addi-
tion, clinical, immunologic, and molecular information was
collected. Patients appearing in more than 1 article were identified
and overlapping data were excluded.

Statistical analysis
Aggregate data analysis was performed with a simple data pooling.

By this an overall summary of subgroup data or data from a number
of related studies are combined without weighting. Central and
descriptive statistics were reported for quantitative data. For variables
with abnormal distribution, median and interquartile range (IQR)
were calculated. For group comparison, Mann-Whitney, chi-square,
or Fisher exact test was used. The differences were considered sta-
tistically significant for P values that were less than .05. The statis-
tical analyses were performed using SPSS software version 24.0
(IMB Corporation, Armonk, NY).

RESULTS

Study characteristics

A total of 291 articles were found in the bibliographic data-
bases and were reviewed according to inclusion criteria. One
hundred seventy-one articles were duplicated in search databases;
74 articles were excluded according to the defined exclusion
criteria. One article was excluded because it did not report any
data from LRBA-deficient patients. Finally, 45 articles were
considered as eligible for systematic review (see Table E1 in this
article’s Online Repository at www.jaci-inpractice.org). A total of
205 patients were reported within the eligible articles; however,
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TABLE I. Demographic data of patients with LRBA deficiency

Parameters (no. of evaluated patients) Results

Country of living (%) (n ¼ 97) Iran (20.6), Israel (12.4), Turkey (11.3), Saudi Arabia (7.2), others (48.5)

Ethnicity (%) (n ¼ 97) Arab (38.1), Iranian (20.6), Turkish (13.4), Other (27.9)

Sex ratio, M/F, n (%) (n ¼ 99 and NK ¼ 10) 47 (48)/52 (53)

Consanguinity, n (%) (n ¼ 92 and NK ¼ 17) 73 (79)

Familial case, n (%) (n ¼ 95 and NK ¼ 14) 46 (48)

Alive/dead, n (%) (n ¼ 99 and NK ¼ 10) 75 (76)/24 (24)

Age (y) (n ¼ 89 and NK ¼ 20) Min ¼ 1.0, max ¼ 56.0, median (IQR) ¼ 12.0 (6.5-19.0)

Age at onset (y) (n ¼ 93 and NK ¼ 16) Min ¼ 0.0, max ¼ 38.0, median (IQR) ¼ 1.8 (0.6-3.5)

Age at diagnosis (y) (n ¼ 48 and NK ¼ 61) Min ¼ 0.3, max ¼ 46.0, median (IQR) ¼ 7.9 (5.0-14.0)

Delay in diagnosis (y) (n ¼ 44 and NK ¼ 65) Min ¼ 0.0, max ¼ 32.0, median (IQR) ¼ 5.0 (1.0-9.7)

Age at presentation of infection (y) (n ¼ 33 and NK ¼ 76) Min ¼ 0.3, max ¼ 38.0, median (IQR) ¼ 2.0 (1.5-4.5)

Age at presentation of autoimmunity (y) (n ¼ 59 and NK ¼ 50) Min ¼ 0.1, max ¼ 16.0, median (IQR) ¼ 2.0 (1.0-5.0)

Age at presentation of allergy (y) (n ¼ 7 and NK ¼ 102) Min ¼ 0.5, max ¼ 13.0, median (IQR) ¼ 5.0 (2.0-7.0)

Age at presentation of enteropathy (y) (n ¼ 30 and NK ¼ 79) Min ¼ 0.1, max ¼ 16.0, median (IQR) ¼ 4.0 (1.0-6.2)

Age at presentation of lymphoproliferation (y) (n ¼ 22 and NK ¼ 87) Min ¼ 0.6, max ¼ 18.0, median (IQR) ¼ 4.0 (3.0-6.2)

F, Female; M, male; max, maximum; min, minimum; NK, not known.
Note: For age, age at onset, age at diagnosis, and delay in diagnosis, the median is shown (with 25th and 75th percentiles).

FIGURE 1. Initial clinical presentation of patients with LRBA
deficiency. Autoimmunity and chronic diarrhea have been
observed as the first disease presentation in most of the LRBA-
deficient patients. FTT, Failure to thrive; non-RTI,
nonerespiratory tract infection; RTI, respiratory tract infection.

FIGURE 2. Distribution of primary clinical diagnosis of patients with
LRBA deficiency. Patients with LRBA deficiency were mostly diag-
nosed with CVID and autoimmunity. ALPS, Autoimmune lympho-
proliferative syndrome; CID, combined immune deficiency; CVID,
common variable immunodeficiency; HIgM, hyper-IgM; IPEX,
immunodysregulation polyendocrinopathy enteropathy X-linked.
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96 patients appeared multiple times. Thus, after removing all the
repetitive cases, the data of 109 LRBA-deficient patients were
used for data analysis. The study selection process is depicted in
Figure E1 in this article’s Online Repository at www.jaci-
inpractice.org.1,2,10-52

Baseline characteristics of patients with LRBA

deficiency
In this study, we evaluated 109 patients (52 males, 47 females,

and 10 with unknown gender) with the molecular diagnosis of
LRBA deficiency. The frequency of mutation in the LRBA gene
was observed most in Arab (38.1), Iranian (20.6), and Turkish
(13.4) patients, respectively. The median (IQR) age of patients at
the time of study was 12.0 (6.5-19.0) years. The median (IQR)
age of onset was 1.8 (0.6-3.5) years, and the median age at the
time of diagnosis was 7.9 (5.0-14.0) years. The median (IQR)
diagnostic delay in immunodeficiency was 5.0 (1.0-9.7) years.
The longest diagnostic delay was 32.0 years, whereas the
minimum period of diagnostic delay was immediately following
the onset of symptoms (Table I). Forty-six patients were in
families with multiple affected. At the time of our analysis, 75
patients (76%) were reported to be alive, whereas 24 (24%) were
deceased, mostly due to sepsis and respiratory failure. Septic
shock, multiple organ failure, pneumonia, nephroblastoma, se-
vere autoimmune thrombocytopenia, hemorrhage (including
intracranial, cerebral, and lung hemorrhage), liver and pulmo-
nary granulomas, disseminated cytomegalovirus, and systemic
inflammatory response syndrome were recorded as causes of
death in LRBA-deficient patients.

Clinical aspects of patients with LRBA deficiency

A high proportion of patients initially presented with auto-
immunity (42%) and chronic diarrhea (27%) (Figure 1). Most
patients were diagnosed primarily with common variable
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TABLE II. Clinical manifestations of patients with LRBA
deficiency

Parameters (no. of evaluated patients) Results, n (%)

Pneumonia (n ¼ 100 and NK ¼ 9) 49 (49)

Otitis media (n ¼ 100 and NK ¼ 9) 21 (21)

Sinusitis (n ¼ 100 and NK ¼ 9) 24 (24)

Meningitis (n ¼ 100 and NK ¼ 9) 5 (5)

Bronchiectasis (n ¼ 100 and NK ¼ 9) 23 (23)

Abscess (n ¼ 100 and NK ¼ 9) 6 (6)

Osteomyelitis (n ¼ 100 and NK ¼ 9) 1 (1)

Septicemia (n ¼ 100 and NK ¼ 9) 9 (9)

Candidiasis (n ¼ 100 and NK ¼ 9) 10 (10)

Enteropathy (n ¼ 103 and NK ¼ 6) 65 (63)

Arthritis (n ¼ 101 and NK ¼ 8) 18 (18)

Autoimmunity (n ¼ 103 and NK ¼ 6) 84 (82)

Lymphadenopathy (n ¼ 103 and NK ¼ 6) 44 (43)

Splenomegaly (n ¼ 103 and NK ¼ 6) 59 (57)

Hepatomegaly (n ¼ 103 and NK ¼ 6) 41 (40)

Interstitial lung disease (n ¼ 102 and NK ¼ 7) 29 (28)

Granulomatous lesions (n ¼ 102 and NK ¼ 7) 14 (14)

Malignancy (n ¼ 102 and NK ¼ 7) 6 (6)

Allergy and asthma (n ¼ 100 and NK ¼ 9) 14 (14)

Chronic diarrhea (n ¼ 100 and NK ¼ 9) 48 (48)

Clubbing (n ¼ 100 and NK ¼ 9) 19 (19)

Failure to thrive (n ¼ 103 and NK ¼ 6) 38 (37)

NK, Not known.
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immunodeficiency (43%) or with autoimmune disorders (28%).
Figure 2 shows the various primary clinical diagnoses of LRBA-
deficient patients. The onset of autoimmunity and infection was
generally within the first 2 years of life, whereas enteropathy and
lymphoproliferative disease occurred later (at age w4 years).
During the course of the disease, autoimmunity, enteropathy,
splenomegaly, pneumonia, and chronic diarrhea (82%, 63%,
57%, 49%, and 48%, respectively) were the most common
complications in LRBA-deficient patients (Table II).

Various autoimmune conditions, including hematological,
gastrointestinal, endocrine, neurological, and rheumatologic
disorders, were reported in 84 patients (82%). As shown in
Figure 3, autoimmune hematologic disorders including autoim-
mune hemolytic anemia and immune thrombocytopenic pur-
pura were the most frequent autoimmune complications (50%
and 48%, respectively). Furthermore, about 79% of LRBA-
deficient patients presenting with an autoimmune disease
developed additional autoimmune disorders. Two, 3, and 4
different types of autoimmune disorders were reported in 27, 25,
and 13 LRBA-deficient patients, respectively. Moreover, the
coexistence of 5 autoimmune diseases was observed in 1 patient
(autoimmune hemolytic anemia, immune thrombocytopenic
purpura, vitiligo, celiac disease, and atrophic gastritis). The most
concurrent autoimmune disorders were autoimmune hemato-
logic disorders with autoimmune gastrointestinal disorders, re-
ported in 16 patients (17%). Also, gastrointestinal autoimmunity
in association with autoimmune endocrine disorders was re-
ported in 8 patients (9%) (see Figure E2 in this article’s Online
Repository at www.jaci-inpractice.org). An overlapping pheno-
type of autoimmunity and enteropathy was observed in 54% of
patients. Among patients with lymphoproliferative diseases,
splenomegaly was the most frequent manifestation (57%), fol-
lowed by lymphadenopathy (43%) and hepatomegaly (40%).
Granulomatous lesions (pulmonary, hepatic, splenic, cerebral,
and adrenal granulomas) were observed in 14 patients (14%).
Furthermore, interstitial lung disease (ILD) was observed in 29
patients (28%), many of which did not have granulomatous
changes in their lungs. Malignancies were observed in 6 (6%)
patients (lymphoma in 3, nephroblastoma and squamous-cell
carcinoma each in 1 patient, and 1 patient with both gastric
adenocarcinoma and melanoma).

A delay in diagnosis and treatment was associated with the
development of severe complications. Median diagnostic delay
among LRBA-deficient patients with malignancy (21.0 years)
was higher than in patients without malignancy (5.0 years;
P ¼ .013). Moreover, diagnostic delay was longer in patients
with arthritis (median [IQR], 7.0 [5.3-11.2] vs 3.7 [0.4-8.5];
P ¼ .028) and failure to thrive (median [IQR], 8 [4.0-14.0] vs
4 [0.3-8.0]; P ¼ .047) than in patients without these
complications. In addition, median (IQR) age of onset of im-
munodeficiency among patients with lymphoproliferative dis-
eases including lymphadenopathy and splenomegaly was higher
than among patients without these complications (2.0 [1.0-5.0]
vs 1.0 [0.5-2.2], P ¼ .006, and 2.0 [0.9-4.0] vs 0.9 [0.4-2.5],
P ¼ .022, respectively). However, patients with enteropathy
(median [IQR], 1.0 [0.5-3.0] vs 2.0 [0.8-7.0]; P ¼ .052) and
autoimmunity (median [IQR], 1.0 [0.5-3.0] vs 2.0 [1.2-8.5];
P ¼ .036) have lower age of onset than do patients without
these complications.

Immunological findings of patients with LRBA

deficiency
Among 74 LRBA-deficient patients for whom data were

available, reduced numbers of CD4þ and CD8þ T cells were
reported in 16 (22%) and 8 (11%) patients, respectively, while 6
patients had abnormalities in both subsets. The number of Treg
cells in the peripheral blood was decreased in 21 of 32 patients
(66%) (Table III). In addition, 29% of patients had reduced
frequency of natural killer cells. Analysis of naive/memory
(CD45RA/CD45RO) markers showed elevated memory CD4þ

and CD8þ T cells in 52% and 46% of patients, whereas reduced
naive CD4þ and CD8þ T cells were found in 56% and 15% of
patients with LRBA deficiency.

Concerning the B-cell compartment, 40 of 75 patients (53%)
had low numbers of total B cells. Analysis of different B-cell
subsets showed the following: naive B-cell (CD27þIgDþ) counts
were increased in 9 (33%) and reduced in 8 (30%) patients, and
CD21low B-cell (CD19þCD27lowCD38lowIgMþ) counts were
increased in 7 (78%). Switched memory B-cell
(CD19þCD27þIgM�IgD�) and plasmablast (CD21lowC-
D38low) counts were reduced in 25 (74%) and 15 (83%) pa-
tients, respectively. Finally, 9 of 21 (43%) patients had low
transitional B-cell (CD19þCD27intCD38þþIgMþþ) counts and
6 of 21 (29%) patients had increased counts of transitional
B cells.

The low levels of serum IgG, IgA, and IgM (according to the
age) were observed in 45 (54%), 47 (57%), and 31 (40%) pa-
tients with LRBA deficiency, respectively. Reductions in all 3
immunoglobulins (IgG, IgM, and IgA) were reported in 21
(27%) patients. The serum levels of IgG and IgA were signifi-
cantly lower in patients with pneumonia (P < .001 and P ¼
.001, respectively) and bronchiectasis (P < .001 and P ¼ .001,
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FIGURE 3. The frequency of autoimmune complications in patients with LRBA deficiency. The most frequent autoimmune complications
in patients with LRBA deficiency were autoimmune hemolytic anemia and idiopathic thrombocytopenic purpura, insulin-dependent
diabetes mellitus, and inflammatory bowel disease. AG, Atrophic gastritis; AIE, autoimmune enteropathy; AIH, autoimmune hepatitis;
AIHA, autoimmune hemolytic anemia; AIT, autoimmune thyroiditis; AIU, autoimmune uveitis; CD, celiac disease; IBD, inflammatory
bowel disease; IDDM, insulin-dependent diabetes mellitus; ITP, idiopathic thrombocytopenic purpura; JIA, juvenile idiopathic arthritis;
MG, myasthenia gravis; MS, multiple sclerosis; RA, rheumatoid arthritis.
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respectively) than in LRBA-deficient patients without these
complications.

There was no difference in serum immunoglobulin levels and
immune cells when comparing patients with autoimmunity and
enteropathy versus patients without these complications. The
only statistically significant difference was observed between
neutrophil numbers in patients with enteropathy and those
without enteropathy (median [IQR], 4000 [2347-6062] vs 2150
[1125-3127], respectively; P ¼ .020). Moreover, the serum levels
of IgG and IgA was significantly higher in patients with poly-
autoimmunity (P ¼ .023 and P ¼ .002, respectively) than in
LRBA-deficient patients without these complications.

Molecular findings of patients with LRBA deficiency
Among the reported patients, 85 different mutations were

detected (see Figure E3 in this article’s Online Repository at
www.jaci-inpractice.org). These variants consisted of 18
missense, 10 splice-site, 36 indel (4 mutations affecting more
than 1 exon), and 21 nonsense mutations. Mutations were
located throughout the LRBA protein, and there did not appear
to be any mutational hotspot.

To investigate the possible effects of different mutations on
clinical presentations, we analyzed the relationship of clinical
manifestation and laboratory data with type and location of
mutations (different domains). Enteropathy was more
frequent among patients with nonsense or indel mutations
than among patients with missense or splice-site mutations
(69% vs 41%, P ¼ .04). In other words, 88% of patients with
enteropathy have nonsense or indel mutations. This correla-
tion may suggest that the more “severe” mutations would be
more likely to result in enteropathy. In addition, analysis of
the location of mutations demonstrated that in patients with
enteropathy, 95% of mutations were located in or before the
BEACH domain (P ¼ .04).

Among the 109 patients with LRBA deficiency, 93 were
homozygous and 16 were compound heterozygous. Although
protein expression data were not available for all patients, 3
patients (with compound heterozygosity) have been reported
with residual LRBA protein expression, including p.L1834P/
p.A2535V/p.V2249F, p.S1233F/p.Q2506*, and p.I2824P
mutations.1,23,52 The median (IQR) for age (11.0 [6.0-19.0]
vs 17.5 [12.0-30.7]; P ¼ .01), age of onset of immunodefi-
ciency (1.4 [0.6-3.0] vs 7.0 [0.5-11.0]; P ¼ .05), and age of
onset of autoimmunity (2.0 [0.9-5.0] vs 6.0 [3.0-7.0]; P ¼
.05) was lower in homozygous patients than in patients with
compound heterozygosity. The frequency of consanguinity,
chronic diarrhea, bronchiectasis, and hepatomegaly was higher
in homozygous patients than in patients with compound
heterozygosity (P < .001, P ¼ .002, P ¼ .02, and P ¼ .015,
respectively).

The therapeutic approach in patients with LRBA

deficiency

High-dose intravenous immunoglobulin therapy was used in
6 patients (6%), whereas low-dose immunoglobulin replacement
therapy was commenced in 54 patients (50%). For management
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TABLE III. Immunologic profile of patients with LRBA deficiency

Parameters Results

WBC (�103 cell/mL) (n ¼ 46 and NK ¼ 63) Min ¼ 1,100, max ¼ 21,000, median (IQR) ¼ 6,115 (4,650-8,772)

Absolute lymphocyte counts (cells/mL) (n ¼ 55 and NK ¼ 54) Min ¼ 160, max ¼ 11,750, median (IQR) ¼ 2,494 (1,682-3,700)

Absolute neutrophil counts (cells/mL) (n ¼ 41 and NK ¼ 68) Min ¼ 288, max ¼ 10,080, median (IQR) ¼ 3,652 (1,912-5,967)

CD3þ T cells (cell/mL) (n ¼ 58 and NK ¼ 51) Min ¼ 103, max ¼ 7760, median (IQR) ¼ 1,706 (1,027-2,312)

CD8þ T cells (cell/mL) (n ¼ 58 and NK ¼ 51) Min ¼ 40, max ¼ 3590, median (IQR) ¼ 667 (363-1,074)

CD4þ T cells (cell/mL) (n ¼ 58 and NK ¼ 51) Min ¼ 60, max ¼ 5090, median (IQR) ¼ 676 (368-1,187)

CD4CD45RO, n (%) (n ¼ 23 and NK ¼ 86) Low ¼ 2 (9%), normal ¼ 9 (39%), high ¼ 12 (52%)

CD4CD45RA, n (%) (n ¼ 25 and NK ¼ 84) Low ¼ 14 (56%), normal ¼ 10 (40%), high ¼ 1 (4%)

Regulatory T cells, n (%) (n ¼ 32 and NK ¼ 77) Low ¼ 21 (66%), normal ¼ 11 (34%)

CD19þ B cells (cell/mL) (n ¼ 61 and NK ¼ 48) Min ¼ 0, max ¼ 2,480, median (IQR) ¼ 164 (60-468)

Transitional B cell*, n (%) (CD19þCD27intCD38þþIgMþþ)
(n ¼ 21 and NK ¼ 88)

Low ¼ 9 (43), normal ¼ 6 (29), high ¼ 6 (29)

Naive B cell*, n (%) (CD19þCD27�IgMþIgDþ) (n ¼ 27 and NK ¼ 82) Low ¼ 8 (30), normal ¼ 10 (37), high ¼ 9 (33)

Marginal zone B cell*, n (%) (CD19þCD27þIgMþþIgDþ)
(n ¼ 6 and NK ¼ 103)

Low ¼ 4 (67), normal ¼ 2 (33)

Switched-memory B cell*, n (%) (CD19þCD27þIgM�IgD�)
(n ¼ 34 and NK ¼ 75)

Low ¼ 25 (74), normal ¼ 9 (27)

Plasmablast*, n (%) (n ¼ 18 and NK ¼ 91) (CD21lowCD38low) Low ¼ 15 (83), normal ¼ 2 (11), high ¼ 1 (6)

CD21low B cell*, n (%) (CD19þCD27lowCD38lowIgMþ)
(n ¼ 9 and NK ¼ 100)

Normal ¼ 2 (22), high ¼ 7 (78)

NK cell, n (%) (n ¼ 59 and NK ¼ 50) Low ¼ 17 (29), normal ¼ 41 (70), high ¼ 1 (2)

IgG (mg/dL) (n ¼ 71 and NK ¼ 38) Min ¼ 0, max ¼ 2200, median (IQR) ¼ 500 (310-896)

IgA (mg/dL) (n ¼ 65 and NK ¼ 44) Min ¼ 0, max ¼ 440, median (IQR) ¼ 40 (6-69)

IgM (mg/dL) (n ¼ 66 and NK ¼ 43) Min ¼ 0, max ¼ 2000, median (IQR) ¼ 50 (24-136)

IgE (IU/mL) (n ¼ 27 and NK¼ 82) Min ¼ 0, max ¼ 80, median (IQR) ¼ 1 (0-4)

Specific antibody response (%) (n ¼ 31 and NK ¼ 78) 17 (55)

NK, Not known; NK cell, natural killer cell; WBC, white blood cell.
The median is shown (with 25th and 75th percentiles).
*% of B cells.
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of autoimmune and inflammatory diseases, 59 (54%) patients
received systemic corticosteroids and 44 (40%) received steroids
in combination with immunosuppressive drugs including
cyclosporine, mycophenolate mofetil, sirolimus, tacrolimus, sul-
fasalazine, or azathioprine. Thirty-two patients (29%) were
treated with infliximab, basiliximab, rituximab, or abatacept.
Surgical procedures were performed on 13 patients (splenectomy
in 10 patients, and thymectomy, mastoidectomy, and tonsillec-
tomy in 1 patient each). Furthermore, subtotal gastrectomy was
performed in 1 patient with gastric adenocarcinoma. Two pa-
tients were administered growth hormone replacement, and 1
was treated with G-CSF therapy. Finally, because of the severity
of complications, hematopoietic stem cell transplantation
(HSCT) was performed in 18 patients (17%). Five patients died
within 1 to 3 months post-HSCT. The mean follow-up for the
remaining survived cases (72%) was 26 months.
DISCUSSION
LRBA deficiency is characterized by a broad spectrum of

clinical manifestations including immune dysregulation, auto-
immune disorders, organomegaly, chronic diarrhea, and recur-
rent infections alone or in combination. In the present study, we
systematically reviewed the clinical, immunological, and molec-
ular features of LRBA-deficient patients. Our results showed that
the median age at onset of symptoms was 1.8 years, indicating
that LRBA-deficient patients tend to develop their symptoms
within the first years of their life.1,2,10

Our review clearly shows that patients experienced autoim-
mune manifestations in the first 2 years of life, before presenting
with other clinical conditions including allergy, enteropathy, and
lymphoproliferative diseases. Approximately 42% of the patients
initially presented with autoimmunity, and in 28% of the cases,
the clinical diagnosis was solely autoimmunity without immu-
nodeficiency. In line with our observations, Burns et al15 showed
that mutations in LRBA may initially present as an autoimmune
disorder without impaired antibody production. Moreover, a
tendency toward polyautoimmunity was observed, because
nearly 77% of all LRBA-deficient patients present with more
than 1 autoimmune manifestation. Altogether, these data indi-
cate that LRBA-deficient patients are more likely to present with
an autoimmune disorder as the initial clinical manifestation;
therefore, LRBA deficiency should be included in the monogenic
list of autoimmune diseases and should be routinely screened for
in patients with these conditions.

Eighty percent of the patients had normal T-cell counts.
However, 66% had diminished numbers of Treg cells. Most of
the patients had reduced numbers of switched-memory B cells
and plasmablasts, whereas CD21low B-cell counts were increased
in 78% of patients. Therefore, this review confirms that LRBA-
deficient patients present with B-cell count abnormalities, mainly
of switched-memory B cells and plasmablasts.12 Moreover, the
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increased numbers of CD21low B cells and the reduced numbers
of Treg cells observed in these patients correlate with the high
frequency of inflammatory and autoimmune disease manifesting
in these patients.37

Clinical features and complications were heterogeneous, even
within families in which more than 1 family member harbored
the same mutation. We did not observe genotype-phenotype
correlation in LRBA deficiency (except for severe mutations
and enteropathy), suggesting the likely existence of unidentified
modifier genes or environmental factors that influence or
determine the phenotypic outcomes observed in these patients.
Previously, Gamez-Diaz et al1 and Alkhairy et al12 along with our
previous study42 highlighted that no obvious genotype-
phenotype correlation has been identified in LRBA-deficient
patients. Among reported cases, 93 were homozygous, and 16
were compound heterozygous, with mutations distributed
throughout the LRBA protein. The ability to predict complica-
tions (what about enteropathy?) would aid clinical management,
but the identification of genetic defects in these immune disor-
ders did not provide a more precise categorization of LRBA
deficiency. Most of the mutations in LRBA abolished protein
expression.11,12 The transcribed mRNA or translated protein
resulting from the mutations might be unstable and, as a result,
may be degraded rapidly or lead to truncated, nonfunctioning
protein. Our study did not find any relationship between clinical
and laboratory findings with mutation type and location, except
for enteropathy. Usually, nonsense and indel mutations have
greater deleterious effects on the protein than do missense and
splicing mutations. In addition, the closer the pathogenic mu-
tation is to the 5’ end of the gene, the greater the probability that
the protein expression is abolished. Three patients have been
reported with residual LRBA protein expression. Although re-
sidual LRBA protein expression may reduce disease severity,
there is insufficient data at this time to support this claim.

Recently, abatacept (CTLA4eIg) has been introduced as a
promising therapy for improving the clinical symptoms in patients
with LRBA deficiency.52 Abatacept is designed to modulate the T-
cell costimulatory signal mediated through the CD28-CD80/86
pathway. Blockade of this costimulatory axis with abatacept ap-
pears to help restore Treg-cell functions53 and can be used to treat
certain autoimmune and inflammatory diseases.54 The report by
Lo et al52 showed for the first time that the use of abatacept in
patients with LRBA deficiency resulted in the improvement of
ILD, autoimmune complications, and functional antibody re-
sponses. After the success of that study, abatacept was used in 3
LRBA-deficient patients with enteropathy, 2 of them showing
amelioration and 1with additional amelioration to his arthritis and
uveitis.52 Al Sukaiti et al22 reported the efficacy of abatacept in an
LRBA-deficient patient with a defect in class switching, who
presented with polyautoimmunity and ILD. As mentioned, in
addition to autoimmunity, abatacept was found to be effective in
ameliorating pulmonary symptoms. Several studies showed that
initiation of abatacept therapy alleviated the lymphocytic ILD and
led to good respiratory improvement.16,22,39,47,52 However, in a
cohort of patients with LRBA deficiency, fungal infections
possibly related to immunosuppressive therapy were reported.1,16

Moreover, in a case report by Eren Akarcan et al,47 1 patient
developed fungal esophagitis and pneumonia a few days after the
initiation of abatacept therapy, leading to interruption of treat-
ment. However, so far, analysis of long-term effects, safety, and
cost-effectiveness of abatacept therapy has not been reported; thus,
further studies are needed to clarify the benefits and side effects of
this therapy.

Eighteen LRBA-deficient patients underwent HSCT due to
the severity of clinical manifestations including lymphoprolifer-
ation, autoimmunity, enteropathy, pancytopenia, and/or in-
fections unresponsive to treatment. The outcome of HSCT in
patients indicates that the average of follow-up in the survived
patients was 26 months. Therefore, it seems that HSCT is a
promising treatment for LRBA-deficient patients with severe and
complicated clinical manifestations who do not respond to
conventional therapies.
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FIGURE E1. Flowchart of the systematic search and study selection process.



FIGURE E2. Venn diagram showing polyautoimmunity in LRBA-deficient patients. LRBA-deficient patients have a tendency to develop
different autoimmune disorders. Autoimmune hematologic disorders were the most common concurrent autoimmune diseases with
autoimmune gastrointestinal disorders in these patients.

FIGURE E3. Graphic illustration of LRBA protein domains, indicating locations of published genetic mutations in LRBAdeficiency patients.
Mutations in LRBA occurred throughout the length of the gene, without hotspots. Amino acids are designated by their single letter code.
An asterisk (*) indicates a premature stop codon. The 4 reported large deletions/duplications (exons 1-2 and exons 1-30 deletion, exon 41
deletions, and exons 49-53 duplication) are not displayed in the figure. The compound heterozygous mutations have been indicated with
underlining. The number in the parentheses in the figure and caption shows the number of reported cases with that mutation. BEACH,
Beige/BEACH domain; CC, coiled coil; Con A, concanavalin A-like lectin/glucanase domain; DUF, the domain of unknown function; Lam
G, laminin G domain; PH, PH domain associated with beige/BEACH; WD, WD-40 repeat.
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TABLE E1. Summary of characteristics of the studies included in this systematic review

Reference Author, Year No. of patients Sex (F/M) Clinical diagnosis Type of article

E1 Gamez-Diaz et al, 2016 22 10/12 CVID ¼ 10, autoimmunity ¼ 3, ALPS ¼ 4, asymptomatic ¼ 1, recurrent infections ¼ 1,
IPEX like ¼ 2, granulomatous disease ¼ 1

Original

E2 Azizi et al, 2017 17 9/8 CVID ¼ 12, CSD ¼ 2, autoimmunity ¼ 1, recurrent infections ¼ 1, asymptomatic ¼ 1 Case series

E3 Lopez-Herrera et al, 2012 5 2/3 CVID ¼ 3, ND ¼ 2 Original

E4 Alangari et al, 2012 5 4/1 CVID ¼ 2, CID ¼ 3 Original

E5 Alkhairy et al, 2016 31 17/14 CVID ¼ 12, CID ¼ 3, IPEX like ¼ 1, ALPS ¼ 4, asymptomatic ¼ 1, ND ¼ 10 Review

E6 Bakhtiar et al, 2017 1 0/1 Autoimmunity Case report

E7 Bakhtiar et al, 2016 3 2/1 CVID ¼ 1, ND ¼ 2 Original

E8 Burns et al, 2012 1 1/0 Autoimmunity Letter to Editor

E9 Kostel Bal et al, 2017 7 4/3 Autoimmunity ¼ 4, ALPS ¼ 2, asymptomatic ¼ 1 Original

E10 Tesi et al, 2016 1 0/1 CVID Case report

E11 Massaad et al, 2016 3 1/2 Asymptomatic Original

E12 Revel-Vilk et al, 2015 4 0/4 ALPS ¼ 3, asymptomatic ¼ 1 Original

E13 Johnson and De Franco, 2017 10 7/3 Autoimmunity Case series

E14 Al Sukaiti et al, 2017 1 0/1 Autoimmunity Case report

E15 Serwas et al, 2015 1 1/0 ND Case report

E16 Lo et al, 2015 9 2/7 CVID ¼ 5, autoimmunity ¼ 4 Original

E17 Ye et al, 2017 1 1/0 Autoimmunity Original

E18 Besnard et al, 2018 1 ND Autoimmunity Original

E19 Levy et al, 2016 2 0/2 Autoimmunity Case report

E20 Schreiner et al, 2016 2 1/1 CVID ¼ 1, autoimmunity ¼ 1 Case series

E21 Maffucci et al, 2016 2 1/1 CVID ¼ 2 Original

E22 Charbonnier et al, 2015 6 4/2 IPEX like ¼ 1, CVID ¼ 3, CID ¼ 1, autoimmunity ¼ 1 Original

E23 Sari et al, 2016 1 1/0 CVID Case report

E24 Bratanic et al, 2017 1 0/1 CVID Case report

E25 Shokri et al, 2016 1 0/1 CVID Case report

E26 Seidel et al, 2018 12 5/4/ND ¼ 3 CVID ¼ 4, autoimmunity ¼ 1, IPEX like ¼ 1, ALPS ¼ 1, ND ¼ 5 Letter to Editor

E27 Siklar et al, 2018 2 1/1 Autoimmunity ¼ 2 Original

E28 Vairo et al, 2017 1 0/1 CVID Case series

E29 Fang et al, 2016 8 3/5 CVID ¼ 7, CSD ¼ 1 Original

E30 Azizi et al, 2017 4 3/1 CVID ¼ 4 Case series

E31 Al-Mayouf et al, 2017 1 0/1 CVID Case report

E32 Seidel et al, 2015 2 2/0 CVID ¼ 1, ALPS ¼ 1 Letter to Editor

E33 Shamriz et al, 2018 10 2/8 Asymptomatic ¼ 2, ALPS ¼ 2, autoimmunity ¼ 4, ND ¼ 2 Original

E34 Güven et al, 2016 1 1/0 Autoimmunity Case report

E35 Sharapova et al, 2018 2 1/1 Autoimmunity ¼ 1, ND ¼ 1 Letter to Editor

E36 Azizi et al, 2018 4 2/2 CVID ¼ 2, autoimmunity ¼ 1, asymptomatic ¼ 1 Practitioner’s Corner

E37 Azizi et al, 2018 9 4/5 CVID ¼ 7, CSD ¼ 1, autoimmunity ¼ 1 Original

E38 De Bruyne et al, 2018 1 1/0 Autoimmunity Letter to Editor
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