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Summary
Purpose. To report the successful use of sirolimus for management of enteropathy in four pa-
tients with LPS-responsive beige-like anchor protein (LRBA) deficiency. Methods. Case series. 
Results. sirolimus therapy led to a complete improvement of symptoms including decrease in 
frequency and severity of diarrhea, as well as patients’ weight gain. No signs of abdominal 
cramps and anorexia were also detected during the follow up period after treatment. Conclu-
sions. sirolimus with its potential efficacy and immunomodulatory properties may be recom-
mended for the treatment of severe enteropathy refractory to conventional therapy in patients 
with LRBA deficiency. 
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Introduction

LPS-responsive beige-like anchor protein (LRBA) deficiency 
is a rare genetic disorder caused by biallelic loss-of-function 
mutations in the LRBA gene. This disorder is characterized 
by early-onset hypogammaglobulinemia, chronic diarrhea 
and autoimmune manifestations (1-4). Similar to com-
mon variable immune deficiency (CVID) patients, affected 
individuals show a reduced levels of immunoglobulin (Ig) 
isotypes and suffer from recurrent infections, hepatospleno-
megaly, chronic pulmonary disorders as well as auto-inflam-
matory conditions including idiopathic thrombocytopenic 

purpura (ITP), autoimmune hemolytic anemia (AIHA) and 
enteropathy (1,5-9). 
The enteropathy phenotype includes autoimmune enteropathy, 
inflammatory bowel disease (IBD)/IBD-like disease and non-in-
fectious recurrent diarrhea. LRBA deficiency has been reported 
to be common among patients with CVID-like phenotype un-
derwent genetic diagnosis (2,10,11). CVID patients and patients 
with LRBA deficiency resemble symptoms of enteropathy pre-
senting in immunocompetent individuals, but the pathology is 
usually documented to be not similar and the symptoms often 
do not respond to the conventional therapies. In LRBA deficient 
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at the age of 13. She was diagnosed with celiac based on the 
endoscopic evaluation, thus she underwent gluten free diet, but 
there was no improvement in her symptoms. The patient has 
a history of other autoimmune complications including auto-
immune thyroiditis, ITP and AIHA. IVIg therapy had been 
started two years ago which was not effective for her autoim-
mune symptoms. Splenectomy was performed one year ago for 
the treatment of the cytopenia. She was also on prednisolone 
treatment in the last year, but no improvement in her diarrhea 
and weight loss symptoms were seen. The patient experienced 
a nine kilograms weight loss and cachexia during the last year. 
The results of the endoscopic and colonoscopy samples were 
suggestive of celiac like enteropathy, chronic active gastritis and 
atrophic duodenal mucosa with villus atrophy. 
Case 3. This case is a six years old female patient with LRBA 
deficiency and a history of recurrent diarrhea has been docu-
mented for this patient. She is a child from a first cousin related 
parents, with no family history of immunodeficiency. Until the 
age of four, the patient had no symptoms or signs of diarrhea. 
She was hospitalized at the ages of four and six years old, both 
due to chronic diarrhea and consequent severe dehydration. 
Frequency of diarrhea was more than 10 times a day (with an 
increased volume and wateriness). The pathologic report of the 
colonoscopy revealed cryptitis and crypt abscess associated with 
lymphocytic infiltration and neutrophils in the lamina propria. 
Results were suggestive of active colitis and especially of IBD.
Case 4. The forth case was a 27 years old male, born to consan-
guineous parents. His symptoms started at the age of two with 
respiratory tract infection (RTI) and identified with tentative 
diagnosis of CVID at the age of 10. He was under observation 
since age two, and several episodes of pneumonia, sinusitis and 
diarrhea were detected. Other complications included arthritis, 
bronchiectasis, failure to thrive and clubbing. Patient’s diarrhea 
did not respond well to treatment with corticosteroids. His-
topathologic evaluation showed infiltrations of lymphocytes, 
plasma cells and eosinophil cells in the lamina propria of the 
intestinal epithelium; suggestive of acute ileitis. Furthermore, 
infiltration of lymphocytes, plasma cells and polymorphonu-
clear leukocytes (PMNs) were reported in the colonic mucosa 
with preserved cryptic architecture which was suggestive of non-
crypt destructive colitis. 
Immunologic characteristics of four patients with LRBA de-
ficiency are illustrated in table 1. For all patients, colonosco-
py was performed and the diagnosis of enteropathy and acute 
colitis were confirmed. As prior therapy including infliximab, 
cotrimoxazole, clarithromycin and gluten free diet had failed to 
control the disease process, sirolimus therapy with the dosage 
of 1 mg/day for three months was started for all patients. This 
treatment led to a complete improvement of their symptoms 
including decrease in frequency and severity of diarrhea and im-

patients, chronic diarrhea is characterized by duodenal villous at-
rophy and large bowel lymphocytic infiltration (5). Recent stud-
ies have reported that the chronic and severe diarrhea in patients 
with LRBA deficiency may not improve despite intravenous Ig 
(IVIg) treatment (6,12). Medical therapy typically with cortico-
steroids (budesonide and prednisone), empiric antibiotic therapy 
and gluten free diets have been used commonly (13). In patients 
refractory to corticosteroids, treatment with immunosuppressive 
drugs such as azathioprine, 6-mercaptopurine, tacrolimus, myco-
phenolate mofetil, infliximab, and rituximab have been reported. 
Side effects are commonly documented in administration of this 
group of medications, and maintaining remission has been re-
ported to be unsuccessful in previous studies (5,14-16). sirolim-
us, also known as rapamycin, is a macrocyclic lactone antibiotic 
which also has a profound immunosuppressive property on the 
cellular immune response, particularly on T cells. sirolimus binds 
to the same intracellular receptor as tacrolimus and cyclosporine, 
however does not inhibit calcineurin. sirolimus blocks the “mam-
malian target of rapamycin” (mTOR) which subsequently inter-
rupts signaling pathways for several cytokines and growth factors 
including interleukin 2 (IL2). Recent studies have suggested the 
effectiveness of sirolimus to reduce chronic diarrhea in patients 
with entropathy. Here, we report for the first time the successful 
use of sirolimus for management of entropathy in four patients 
with LRBA deficiency. 

Case presentation

Case 1. A 14 years old female patient with LRBA deficiency was 
diagnosed at the age of five years old with hypogammaglobu-
linemia. She is a child of related (first cousin) parents. Her first 
manifestation was diarrhea which started at six months of age. 
The patient underwent antibiotic therapy for the diarrhea but 
there was no improvement in her symptoms. Other manifesta-
tions included splenomegaly, hepatomegaly and juvenile rheu-
matoid arthritis at the age of four. She underwent treatment for 
immunodeficiency at five years of age with IVIg, accordingly 
her diarrhea was controlled. Diarrhea became more severe since 
a year ago, up to 20 times during the day and 8 times during the 
night, and consequently six kilograms-weight loss was detect-
ed. Infliximab was administrated for five months, but no im-
provement was observed in diarrhea and weight loss symptoms. 
The pathological report of the colonoscopy showed edema 
and excess infiltration of lamina propria with lymphocytes and 
eosinophils. Focal micro-abscess formation and cryptitis were 
also detected. Her microscopic reports were conclusive of mild 
chronic gastritis, esophagitis and active colitis but no parasite or 
Helicobacter pylori infection was reported.
Case 2. A 21-year-old LRBA deficient female patient with re-
fractory diarrhea is a child from the first cousin related parents. 
The first presentation of her disease was diarrhea which started 
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immune suppression therapies, however autoimmune enth-
eropathy has been reported with partial response to immu-
nosuppressive drugs such as cyclosporine, azathioprine and 
6-mercaptopurine (20). Tacrolimus has been used as a treat-
ment option for enteropathies, especially in autoimmune 
patients. Its mechanism of action is similar to cyclosporine. 
Both drugs block the gene activation for cytokine production 
by inhibiting the antigenic response of helper T lymphocytes 
(21). Bousvaros et al. (16) in 1996 used tacrolimus for the 
first time as an alternative therapy for autoimmune enterop-
athy, and concluded that it can be efficacious when other im-
munosuppressive regimens fail (16). Mycophenolate mofetil 
has been also proposed as an alternative therapeutic option 
after the successful induction of remission in an infant with 
autoimmune enteropathy (22).
In the present report, we used sirolimus for clinical management 
of entropathy in patients with LRBA deficiency. We showed 
that disease symptoms such as chronic diarrhea and weight loss 
were successfully controlled after administration of sirolimus. 
Massey et al. (23) reported effectiveness of sirolimus in treat-
ment of refractory Crohn’s disease in an adult patient. Mutalib 
et al. (24) showed that sirolimus, by inducing both clinical re-
mission and mucosal healing, is effective in children with severe 
IBD refractory to conventional therapies. In another study, Ara-
ki et al. (25) found that treatment of a severe refractory colon-
ic and perianal Chrone’s disease with sirolimus may result in a 
marked improvement in symptoms of enteropathy. Yong et al. 
(26) also reported the impact of sirolimus in children with IPEX 
and IPEX-like entheropathy. Although satisfying results of ad-

provement in the patients’ weight. Evidence of a response trend 
is further documented by normal serum level of albumin, calci-
um and potassium. 

Discussion

LRBA deficiency is characterized by combined immunodefi-
ciency, enteropathy, and autoimmune complications. According 
to previously published studies, clinical features in patients with 
LRBA deficiency are heterogeneous, and first presentations of 
the disease often occur during childhood (2). The cohort study 
of Alkhairy et al. (2) divided the disease phenotypes into cate-
gories of RTI, autoimmunity, organomegaly, and enteropathy. 
They described the enteropathy phenotype as an overlapped 
group of autoimmune enteropathy, IBD/IBD-like disease and 
non-infectious diarrhea (6). In our study, all patients were early 
onset, and a broad range of complications including RTI and 
autoimmune manifestations were reported. Moreover, gastroin-
testinal complications including chronic diarrhea were seen in 
all patents.
Treatment of the autoimmunity, chronic diarrhea and associ-
ated colitis is challenging in patients with antibody deficiency 
(17,18). Uzzan et al. (19) reported that Ig supplementation 
does not significantly effect on the course of non-infectious 
gastrointestinal disease in CVID patients. Currently avail-
able treatments including steroids and cyclosporine have re-
sulted in remission only in a subset of patients, then large 
doses of steroids are often necessary to control active dis-
ease. Patients with autoimmune entheropathy commonly do 
not respond to conventional treatment or other non-specific 

Table 1 - Immunologic characteristics of patients with LRBA deficiency underwent sirolimus therapy.

Parameters Patient 1 Patient 2 Patient 3 Patient 4 Normal Range

IgG (mg/dL) 0 765 111 360 656-1351

IgM (mg/dL) 0 69 28 44 34-255

IgA (mg/dL) 4 5 24 0 86-320

IgE (IU/Ml) 0 0.3 3 - Up to 46

White blood cell count (cell/μL) 8210 8730 14700 14400 4000-11000

Lymphocytes (cell/μL) 2320 2095 7497 2016 1000-2800

CD3+ (cell/μL) 1717 1739 4273 1492 700-2100

CD4+ (cell/μL) 116 649 1724 363 300-1400

CD8+ (cell/μL) 1554 670 2624 1109 200-900

CD4+/CD8+ ratio 0.07 0.968 0.66 0.32 1-3

CD16-56+ (cell/μL) 819 98 - - 90-600

CD19+ (cell/μL) 93 147 675 121 100-500
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ministration of sirolimus have been documented in patients 
with autoimmune enteropathy prior to our study (26,27), there 
was no evidence of using sirolimus in treatment of enteropathy 
in LRBA deficient patients. In the current study, for the first 
time, four LRBA deficient patients unresponsive to non-specific 
immune-suppressive agents underwent sirolimus therapy. Fol-
lowing administration of sirolimus, the frequency of diarrhea 
decreased and the patients’ weight gradually normalized. There-
fore, sirolimus with its potential efficacy and immunomodula-
tory properties may be recommended for the treatment of se-
vere enteropathy in LRBA deficiency. Further studies should be 
designed to provide evidence for the effectiveness of sirolimus 
administration in management of diarrhea in immunodeficient 
patients by providing detailed pathological and microbiological 
evidences after treatment.
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