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Abstract
Biallelic lipopolysaccharide-responsive and beige-like anchor (LRBA) mutations could lead to an 
immune dysregulation disorder, labeled as LRBA deficiency. A wide spectrum of clinical manifesta-
tion was shown to be associated with recurrent infections, enteropathy, hypogammaglobulinemia, 
and autoimmune complications. Notably, LRBA interacts with cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4) by its recycling to the T-cell surface. Accordingly, LRBA deficiency abolishes 
CTLA4 protein expression. In this study, we presented a case with a homozygous mutation in the 
LRBA gene as well as a normal level of CTLA4 protein. In this regard, the immunologist assays of 
this patient revealed low immunoglobulin levels, CD4+ helper T cells, and CD19+ B cells. 
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Introduction
Lipopolysaccharide-responsive and beige-like 
anchor (LRBA) deficiency is known as the pre-
dominant immune dysregulation induced by bi-
allelic loss-of-function mutations in the LRBA 
gene (which encodes lipopolysaccharide-respon-
sive and beige-like anchor protein) that often 
abolishes LRBA expression. Moreover, LRBA 
deficiency causes extensive clinical phenotypes 
such as autoimmunity, hypogammaglobulinemia, 
and other forms of humoral immune deficiency, 
lymphoproliferation, gastrointestinal manifesta-
tions, and recurrent infections (1-4). Correspond-
ingly, autoimmune disorders are considered as 
one of the main clinical manifestations’ charac-
teristics in LRBA deficiency. It is noteworthy 
that Genotype-phenotype correlation is just doc-
umented in less than 100 patients reported with 
LRBA deficiency (1).

Also, LRBA deficiency causes some immunolog-
ical abnormalities such as low immunoglobulin G 
(IgG) and IgA levels, whereas IgM levels can be 
low or normal during the course of this disease. 
Several patients with LRBA deficiency have been 
reported with defects in specific antibody respons-
es, deficiency in the B-cell compartment with the 
reduced numbers of switched memory B cells and 
plasmablasts, and diminished T-cells activation and 
proliferation (5-7). The majority of LRBA deficient 
patients indicate B-cell abnormalities, such as the 
increased number of CD21low B cells and margin-
al zone B cells. In addition, the increased apoptosis 
and decreased autophagy in B lymphocytes as well 
as natural killer-(NK) cell reduction were also doc-
umented in LRBA deficient patients (6, 8, 9).

CTLA-4, also known as CD152 (cluster of dif-
ferentiation 152), is a protein receptor that func-
tions as an immune checkpoint and downregu-
lates immune response. Moreover, it is expressed 
on forkhead box P3 (FOXP3)+ regulatory T (Treg) 
cells (10). In this regard, heterozygous CTLA4 
mutations cause functional CTLA-4 deficiency 
and autoimmunity, both of which present a sim-

ilar clinical signature of LRBA deficiency (11). 
It has been shown that LRBA protein regulates 
the intracellular vesicle trafficking of CTLA4 
and also prevents it from lysosomal degradation; 
therefore, LRBA deficiency can hypothetically 
lead to the diminished expression of CTLA-4 on 
the surface of Treg cells (12, 13).

Herein, we presented an LRBA deficient patient 
with defined molecular diagnosis and abolished 
LRBA protein expression, which in contrast, could 
express a normal level of CTLA-4. 

Case Presentation
The patient was a 17–year- old girl born from 
consanguineous healthy parents. Accordingly, 
she was the first child, and her family had no his-
tory of immunologic medical problems. When 
she was 7 months old, her first manifestation was 
diarrhea, which consequently resulted in 5 days 
of hospitalization. According to the patients’ past 
medical history, at the age of 5 years old, she was 
suffering from otitis media, dry cough, juvenile 
rheumatoid arthritis (JRA), hepatosplenomega-
ly, and bronchiectasis. In addition, mild chronic 
gastritis, mild esophagitis, and acute colitis were 
also reported when she was 12 years old.

Data on the laboratory and immunological tests 
for the proband are shown in Table 1. As indicat-
ed in this table, the patient presented normal white 
blood cells (WBC) differentiation; however, the 
percentages of neutrophils and lymphocytes were 
normal. Despite lymphocytes, the percentage of 
immunologic cells was reported as low. Serum 
immunoglobulin levels were also tested, which 
revealed low levels of IgG, IgM, and IgA. The 
immunological workup showed a decrease in 
CD4+ T cells and CD19+ B cells levels. More-
over, normal levels of erythrocyte sedimentation 
rate (ESR) and C-reactive protein (CRP) were de-
tected in this patient. Subsequently, she has been 
treated with Prednisolone, Hydroxychloroquine, 
and Infliximab (for a 5-month period).
Table1. Laboratory and immunologic data of the patient
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Laboratory test Patient Reference Intervals

WBC (10^3/µl) 12 4.5-13.5

Lymph (%) 56 34-77

PMN (%) 39 35-75

Hb (gr/dl) 12.7 9.4-15.5

Hematocrit (%) 39 34-45

PLT (10^3/µl) 312 150-450

ESR 1 hr (mm/hr) 2 <20

CRP (mg/L) 4.7 Up to 10

IgG (mg/dl) 444 650-1410

IgM (mg/dl) <5 55-210

IgA (mg/dl) 4 83-255

IgE (IU/ml) 1 Up to 15

CD3+ T cells (%) 73 59-83

CD4+ T cells (%) 4 31-59

CD8+ T cells (%) 66 12-38

CD16+ NK cells (%) 7 3-22

CD19+ B cells (%) 3.5 6-22

WBC, white blood cell; Lymph, lymphocytes; PMN, 
Polymorphonuclear leukocyte; PLT, platelet; Hb, hemo-
globin; ESR, Erythrocyte sedimentation rate; CRP, C-re-
active Protein; Ig, immunoglobulin; and CD, cluster of 
differentiation

Based on the clinical presentations of immune 
dysregulation and the immunologic profile of the 
patient resembling humoral immunodeficien-
cy, the genetic evaluation was performed using 

whole-exome sequencing (WES). Furthermore, 
the WES that was analyzed using the previous-
ly developed pipeline (14, 15), demonstrated 
a homozygous frame-shift deletion mutation 
(c.5623delA) in the LRBA gene (p.I1875SfsX14).

A functional assay was conducted to evaluate 
the expression level of the encoded protein. Ex-
pectedly, using Western blot on stimulated pe-
ripheral blood cells (PBMC), the mutant LRBA 
protein (estimated 319 kD) was undetectable 
compared to the healthy controls (Figure 1). 
CTLA-4 proteins on the surface of stimulated 
PBMCs were assessed by flow cytometry. No-
tably, the LRBA deficient patient had a normal 
level of CTLA4 expression, similar to the healthy 
controls. (Figure 2) 

Figure 1. Detection of LRBA protein (~319 kDa) and β-ac-
tin (~45 kDa) in PHA-stimulated cell lysates from HCs of 
the patient, which revealed the absence of the LRBA pro 
tein in PHA-stimulated cell lysate from this patient with 
LRBA deficiency, compared to the LRBA band observed 
in PHA-stimulated cell lysates obtained from healthy con-
trols. β-actin served as the loading control.

Figure2. Approach for the stimulated lymphocyte gating in LRBA deficient’ patient and healthy controls for the recog-
nition of CTLA-4+ lymphocytes. 
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Discussion
Homozygous mutation in the LRBA gene resulted 
in a heterogeneous group of disorders, each one 
with abroad spectrum of clinical and immuno-
logical features such as autoimmunity, enterop-
athy, organomegaly, hypogammaglobulinemia, 
and recurrent infections (6, 8, 16, and 17). LRBA 
was colocalized with CTLA4 in endosomes, 
which then mediated CTLA-4 recycling from 
the endosomes to the T-cell surface and prevent-
ed lysosomal degradation of CTLA4. Afterward, 
LRBA-deficient cells displayed low CTLA-4 
expression levels in FOXP3+ regulatory and ac-
tivated conventional T cells (18, 19).

Laura Gamez-Diaz et al., in their cohort study in 
2015, have described 22 LRBA-deficient patients. 
In this regard, they reported a mutation in the LRBA 
gene, causing hypogammaglobulinemia, organo-
megaly, autoimmunity, enteropathy, and recurrent 
infections (20). In the review study by Alkheiry et 
al. (5), the clinical features were observed in 31 pa-
tients with LRBA deficiency. In their study, 61% of 
the patients had chronic diarrhea, autoimmune dis-
ease, organomegaly, and respiratory infections sep-
arately, and 58% of patients with LRBA deficiency 
had hypogammaglobulinemia. Moreover, Tesi et 
al. presented a case of LRBA deficiency with low 
levels of IgG, IgM, and IgA and the need for in-
travenous immunoglobulin (IVIG) (21). Further-
more, several other studies have reported low levels 
of serum IgG, IgA, and IgM in LRBA deficiency 
(1, 20). In Azizi et al.’s case report performed on 
two male siblings with the same mutation, one pa-
tient demonstrated clinical phenotypes including 
hypogammaglobulinemia, chronic diarrhea, respi-
ratory tract infection, and organomegaly; however, 
the other sibling had no clinical complications and 
showed a normal serum Ig level (3). Similarity, in 
our research, autoimmunity, recurrent infections, 
enteropathy, autoimmunity, and hepatosplenomeg-
aly were documented in the patient studies. In this 
case, hypogammaglobulinemia was indicated by 
low levels of IgG, IgA, and IgM.

It was shown that homozygous LRBA mutations 
might lead to deficiencies in CD19+ B cell, CD4+ 
T cell, and NK cell (9). Moreover, as we have ob-
served in the proband, some previously reported pa-
tients with LRBA deficiency have shown low B‐cell 
subset counts, defective specific antibody produc-
tion, and a defect in the frequency and function of 
CD4+ T cells compared with those of healthy con-
trols (7).

Habibi et al. have reported 74 LRBA-deficient 
patients, the majority of whom suffered from re-
duced numbers of CD4+ and CD8+ T cells. Treg 
cells counts in the peripheral blood cells of these pa-
tients had also decreased. In addition, the frequen-
cy of NK cells had reduced. Furthermore, they had 
shown that CD21low B cells counts have increased, 
and plasmablast counts and Switched memory B 
cells have reduced (1). Similarly, laboratory find-
ings in our patient showed a significant decrease 
in CD19+ B cells and CD4+ T cells. Moreover, she 
demonstrated low B cell subset counts (switched 
memory B cells and plasmablasts).

Lo et al., in their study, showed that CTLA4 
protein has rapidly lost in LRBA knockdown 
cells, indicating an increase in degradation (16). 
Recently, few studies have reported a lack of 
CTLA4 expression in patients with LRBA gene 
mutation. It was expected that LRBA deficiency 
consequently leads to functional CTLA-4 defi-
ciency and autoimmunity, based on the physi-
ologic role of the protein. However, LRBA had 
been reported as a novel regulator of CTLA-4 
protein levels in Tregs and activated T cells (12, 
16, 18, 22, 23). Whereas, in this study, we detect-
ed a normal level of CTLA4 in LRBA deficient 
patients with a deleterious frameshift mutation. 
Similarly, in another study, De Bruyne et al. (24), 
for the first time, had reported a girl born from a 
consanguineous marriage which had life-threat-
ening enteropathy. Immunological features of 
this patient revealed normal serum immunoglob-
ulins. Moreover, the patient presented a well-de-
veloped switched memory B-cell compartment. 
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In their study, CD4+ T cells were normal, whereas 
CD19+ B cells have persistently increased. They 
suggested that other proteins such as the Beige 
and Chediak-Higashi (BEACH) domain-con-
taining protein [a member of the neurobeach-
in (NBEA) family] could conceivably be taken 
over CTLA-4 recycling, which is required for the 
function of Treg cells, and/or treatment with Si-
rolimus, which increased Treg cells, may be con-
sidered as the fundamental causes for the condi-
tion of this patient. It is noteworthy that their case 
was affected by a homozygous splice site muta-
tion (c.2450-3C>A), which caused deleterious 
damage with the skipping of exon 21 as well as a 
frameshift resulting in a premature stop codon in 
exon 22 after 29 residues, similar to our case. Al-
together, these findings show that mutation in the 
LRBA gene could be revealed by unexpected fea-
tures for patients with immunological abnormal-
ities. However, the compensatory mechanism for 
CTLA4 expression should still be investigated.

Conclusion
In the present study, for the first time, we re-
ported a girl with a mutation in the LRBA gene 
and a normal CTLA4 who showed signifi-
cantly low levels of CD4+ T cells and CD19+ 
B cells, as well as normal lymphocyte counts, 
along with otitis media, bronchiectasis, arthri-
tis, and hepatosplenomegaly. Our data showed 
that LRBA mutation may not always reduce 
CTLA4 protein. Additionally, autoimmunity 
can be observed in a patient with a normal lev-
el of CTLA4 protein. Also, wide heterogeneity 
was observed in clinical manifestations of pa-
tients with LRBA mutation. 
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