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A B S T R A C T

Background: The interleukin-12 receptor β1 (IL-12Rβ1) deficiency is a primary immunodeficiency (PID), af-
fecting the immunological pathway of interleukin 12/interferon- γ (IL12/IFN-γ) axis and interleukin 23 receptor
(IL23R). Defect in this pathway is mainly affecting the cellular immunity-related disorders. IL-12Rβ1 is a re-
ceptor chain of both the IL-12 and the IL-23 receptors and thus, deficiency of IL-12Rβ1 abolishes both IL-12 and
IL-23 signaling.
Material and methods: In this study, we performed whole exon sequencing and confirmatory Sanger sequencing
in IL-12Rβ1. Evaluation of the IL12/IFN-γ axis was performed by assessment of patients’ whole blood cell to
IL12/IFN-γ responding. Total and surface IL-12Rβ1expression was evaluated, in peripheral blood mononuclear
cells (PBMCs) and T cell- derived PBMCs, and Th17 count was assessed.
Results: In the present study, we described a c.1791 + 2T > G mutation at a splicing site position in IL-12Rβ1,
using whole exome sequencing, and confirmed with targeted Sanger sequencing in a 26- year-old patient with
Mendelian susceptibility to mycobacterial disease (MSMD) and Crohn's disease (CD). Complete lack of IL-12Rβ1
protein expression was detected in patient's PBMCs, compared to the healthy control. Furthermore, no IL-12Rβ1
protein was expressed on the cell surface. Interestingly, IL-12Rβ1-mutant cells showed an impaired response to
IL12, and Bacillus Calmette–Guérin stimulation, confirming that the mutation is causative in this patient.
Conclusion: A 3′splicing site mutation in IL12Rβ1, can be corresponding to the abolished expression of IL12Rβ1
in patients' cells, and associated with an impaired IL12-mediated signaling, which may lead not only to MSMD,
but also to inflammatory bowel disease (IBD).

1. Introduction

Primary immunodeficiencies (PIDs) are an extensively hetero-
geneous group of more than 300 rare inherited defects of the immune
system, with increased susceptibility to chronic infection and recurrent,
autoimmune and hyperinflammation manifestation, allergy and ma-
lignancy [1].

A rare subclass of PID is Mendelian susceptibility to mycobacterial
disease (MSMD) [2], triggered by weak pathogenic mycobacterial
species such as Salmonella species, nontuberculous environmental
Mycobacteria (NTM), and Mycobacterium bovis Bacillus Calmette-

Guérin (BCG) [3] The molecular basis of MSMD pathogenesis is on the
functional IL-12/23-IFN- γ integrity of macrophage (monocyte/den-
dritic cell), correlating to T lymphocyte/ NK cells [3,4].

The interleukin-12 receptor β1 (IL-12Rβ1) receptor is a common
part of IL-12R and IL23R. IL-12Rβ1 deficiency may affect signaling in
both IL-12 and IL-23 [5], which is associated with MSMD pathogenesis
[6], and is also implicated in inflammatory bowel disease (IBD) pa-
thogenesis, by the defect in the differentiation of T helper 17(Th17)
[7,8]. Th17 cytokine profile has a critical role in the mucosal immune
response [9].

Here, we present the first coexistence of the two disorders in an IL-
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12Rβ1 deficient patient from a consanguine family with an Iranian
origin, initially diagnosed with Crohn's disease (CD) prior to the MSMD
diagnosis.

2. Methods

Patient information was referred to the department of clinical
Immunology at the Isfahan University of Medical Sciences for im-
munological and genetic consultation. Blood samples from the patient,
his family and healthy donor controls were collected, after signing an
informed consent form.

We performed this descriptive study to evaluate the patient.

2.1. Whole-exome sequencing

Genomic DNA from patients and parents was isolated, using the
QIAamp DNA Blood Mini Kit (Qiagen), following the manufacturer's
instructions. To enrich the entire coding exons, the SureSelect Human
All Exon Kit (Agilent Technologies) was utilized. The llumina Genome
Analyzer II (family A) or Illumina HiSeq 2000 (family B) sequencing
was used, and short sequence reads were aligned to the reference of the
human genome GRCh37, using BWA software [10]. To analyze the WES
data, the Genome Analysis Tool Kit (GATK) [11] was used. The func-
tional annotation was checked, using snpEff [12] and Variant Effect
Predictor (VEP) was determined with Ensembl [13] release 85 (family
A) or 71 (family B). The WES data were analyzed, using SQL database
(family A) or FILTUS v.0.99–934 (family B) [14]. Effects of filtered
variants were predicted with a combination of software, including
snpEff [12], VEP [13], SIFT [15] and PolyPhen-2 [16]. The remaining
variants were compiled and filtered for rare homozygous, and com-
pound heterozygous mutations, following a pattern of autosomal re-
cessive inheritance. Segregation of the identified IL12RB1 mutations
was performed on family members by DNA Sanger sequencing.

2.2. Cell preparation

Diluted whole blood (1:4 in RPMI 1640 (Gibco) was divided into
1ml/well. Stimulation was done according to the two following con-
ditions:

1 BCG (Mycobacterium bovis BCG, Pasteur strain) with a multiplicity of
infection (MOI) of 20, with BCG plus recombinant IFN-ɣ (5000 IU/
mL, BioLegend).

2 BCG plus recombinant IL-12p70 (20 ng/mL, R&D Systems)

All cells were incubated at 37 °C and 5% CO2 atmosphere.
Supernatants were collected after 48 h.

2.3. ELISA

Cell culture supernatants were assayed for IFN-ɣ (BioLegend), TNF-
α (eBioScience), IL12/IL23 p40 (eBioScience Human IL12/IL23 p40
Platinum ELISA kit), and IL-12p40 by ELISA, according to the manu-
facturer's recommendations.

2.4. Flow cytometry

The PBMCs were separated by density gradient, as previously de-
scribed [17], and cultured in standard media (RPMI1640, supple-
mented with FBS 10%, penicillin 100 IU/mL and streptomycin 100 μg/
mL). To evaluate the IL12RB1 expression by fluorescence-activated cell
sorting (FACS), cells were stimulated by 20 µg phytohemagglutinin
(Becton Dickinson) for 72 h to generate phytohemagglutinin (PHA)-
activated T cells. Furthermore, isolated PBMCs were stimulated with
50 ng/mL phorbol 12-myristate 13-acetate (PMA), 1 μg/mL ionomycin,
and 10 μg/mL of Brefeldin to check the Th17 population.

The IL12RB1expression on T cells was evaluated with PE-anti-
IL12RB1 mAb (BD) on CD3 positive cells (FITC-anti CD3 mAb, BD).
Th17 was determined with FITC-anti CD4 (CMG) and PE-anti-IL17 mAb
(Biolegend). FACS Calibur flow cytometer was used for measurement
and analysis, using Cellquest pro software (BD Bioscience).

2.5. Real-time pcr

RNA was isolated with the RNA Mini plus-Kit (QIAgene), following
the manufacturer's instructions. The High-Capacity cDNA Reverse
Transcription Kit (Thermo Fisher scientific) was used for reverse tran-
scription. The cDNA was used for semi-quantitative real-time PCR,
using the Fast SYBR™ Green Master Mix (Thermo- Fisher scientific). The
relative mRNA expression was normalized to GAPDH, and analyzed by
the 2−ΔΔCt method. Primer sequences used for the Real- time PCR are as
follows: sense: 5′-AGC AAA CAG GTG TCA GAG CAT-3′ and antisense:
5′-AAG AAG ATG AGC CAA TCA G-3′

3. Result

In this study, we investigated a 26-year-old male patient from a
consanguine family (Fig. 1. I), who reportedly had a history of the right
sub-auxiliary BCG lymphadenitis, recurrent mouth ulcers and chronic
diarrhea in childhood. He was hospitalized with lower right quadrant
pain and underwent appendectomy at 5 years old. Based on his clinical
presentation with weight loss, abdominal pain, chronic and bloody
diarrhea, as well as endoscopic and pathologic findings (Fig. 1. III-a),
based on Montreal classification [18], he was diagnosed with CD, but
severe and uncontrolled colitis resulted in colostomy surgery (only
rectal part is remained), and the intestinal histopathologic staining was
negative for Mycobacterium (Fig. 1. IIIb). At the age of 13, he presented
with multifocal osteomyelitis (Fig. 1. IV), even though no bacteria were
detected in the culture of biopsy samples. He did not respond to anti-
bacterial treatment, but had a dramatic response to anti-tuberculosis
treatment, which healed his bone pain and lesions. Even though the
bone manifestations were completely controlled, the patient needed to
continue the required, continuous refractory diarrhea treatment. In-
testinal disorders and refractory diarrhea caused by CD, were con-
tinuously treated by Mesalamine and Prednisolone.

To evaluate the molecular etiology in our patients, whole exome
sequencing was performed, revealing a 3′splice site mutation in
IL12Rβ1 (ENST00000600835.6, 1791 + 2T > G). Sanger sequencing
confirmed a segregation with the disease phenotype in the index pa-
tient, while his mother, father and sibling showed a heterozygous
genotype (Fig. 1. II).

The IL12Rβ1 expression was evaluated by Real-time PCR. We found
that the IL12Rβ1 expression was completely abolished in PBMCs of
patient, compared to the healthy control (Fig. 2. I). Furthermore, sur-
face expression of IL12RB1 was not detectable in T Cell PHA Blasts of
the patient, compared to the healthy control (Fig. 2. IV), and the patient
had low Th17 population, compared to the healthy donor (Fig. 2. V).

We also evaluated the response of patient cells to IFN-γ and IL-12
cytokine. Patient's cells did not respond to IL12 stimulation, since we
could not detect any increase of INF-γ after stimulation with IL12 and
BCG, using ELISA, in comparison to the healthy control (Fig. 2. II,III).

4. Discussion

In this study, we have shown a 3′splice site mutation in IL12Rβ1,
corresponding to the abolished expression, undetectable cell surface
expression of IL12Rβ1, impaired response to IL12 and BCG stimulation,
and decreased count of Th17 that can be the cause of CD and MSMD in
a patient.

Tuberculosis is a comprehensive concerning problem in healthcare,
and the rate of infection with Mycobacterium tuberculosis (M. tubercu-
losis) shows an upward trend, worldwide [19,20].
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MSMD syndrome is a rarely inherited disorder, defined in 1951 as
disseminated disease, characterized by the expansion of a comprehen-
sive infection to Mycobacteria [3]. Limited defective molecules in the
circuit, including IFN γ R1, IFN γ R2, STAT1, IL12β, IL12Rβ1, IRF8,
ISG15, NEMO, and CYBB have been recognized in patients with the
MSMD phenotype [21].

The IL-12Rβ1 deficiency, causing a profound defect in IL-12 sig-
naling pathway, is the most shared genetic etiology of MSMD (44%).
The weakly virulent Mycobacteria and invasive salmonellosis are ty-
pically the cause of frequent infections in the IL-12Rβ1-deficient pa-
tients. The deficiency of IL-12 responses impairs the production of IFN-
γ, and the IL-12/IFN-γ axis is vital for defensive immunity to
Mycobacterium [22]. Even though the index patient is the forth-re-
ported patient with the IL-12Rβ1 deficiency and enteropathy, but no
multifocal osteomyelitis was reported in the previous report. The first
patient was a 4-year-old Mexican boy with IL-12Rβ1, c.1791 + 2 T > G
mutation, mucocutaneous candidiasis, and M. bovis BCG disseminated
disease, who was treated with multiple antimycobacterial therapy. The
second patient was a 49-year-old Caucasian male with c.19602C > T
mutation in the IL-12Rβ1, who suffered from severe gastroenteropathy,
and the third one is a 10-year-old Colombian boy with IL-12Rβ1
c.872G>A mutation with two episodes of non-bloody diarrhea, vo-
miting, decreased appetite, progressive abdominal distension, and
persistent fevers, presumed to be due to gastrointestinal (GI) viral in-
fections [23].

Generally, mycobacterial osteomyelitis is a characteristic phenotype

in MSMD patients with deficiency in IFN-γR1 or STAT1 [24,25], and no
mycobacterial osteomyelitis reported in all reported IL12Rβ1-deficient
patients [5,23]. Interestingly, our patient presented severe multifocal
osteomyelitis (Fig. 1. IV).

The cytokines IL-12 and IL-23 are heterodimeric cytokines, con-
taining two disulfide subunits. IL-12 is composed of p35 and p40 sub-
units, whereas IL-23 is composed of p19 and p40. Both cytokines reg-
ulate immune responses, which are critical for adaptive and innate
human immunity, including the T cell, B cell, dendritic cells and natural
killer cell differentiating and responding regulation [26,27]. IL-12 and
IL-23 biological activities are dependent on IL-12Rβ1, a type I integral
membrane protein that physically associates with IL12 and IL23, and
signals in combination with IL12Rβ2 or IL23R, respectively [28].

Furthermore, IL12RB1 signaling impairment caused defects in dif-
ferentiation of Th17 [7,8], which has a critical role in pathogenesis of
CD (clinical features include mucosal erosion, diarrhea, weight loss and
formation of granuloma) [29,30]. Th17 has a role in intestinal home-
ostasis through production of IL-6, TGF-β, IL17 and IL-1β in a mucosal
damage situation, defense against extracellular pathogens, and induc-
tion of anti-microbial peptides, releasing from intestinal epithelial cells
[31]. In the IL12rb1−/−mice, the ratio of Th17 was decreased and the
mice were unresponsive to both IL-12 and IL-23 [32]. In the present
study, the Th17 population was decreased in the patient, suggesting
that it may have a role in the CD incidence in our patient. Furthermore,
there are some studies about the role of atypical Mycobacterium as a
trigger for CD, using a population-based approach. Some studies used

Fig. 1. Pedigree of the index family, Sanger sequencing confirmed the identification of the homozygous splice site mutation in IL12Rβ1 in patient II-1. Radiographic
examination of sacrum and hip joint showed osteomyelitis. RNA expression IL-12Rβ1 is completely abolished in PBMCs of patient compare to HD (n:2).
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colonoscopic biopsies, and were able to detect atypical Mycobacterium
in CD patient, showing that it might be a relation between the CD in-
cidence and atypical Mycobacterium [33–39]. These studies might
highlight the role of BCG vaccination in the CD and MSMD incidence, in
the IL12Rβ immuno-deficient patients [23] that needs more investiga-
tion, even though we did not detect Mycobacterium in patient intestinal
biopsies (Fig. 1. IIIb).

Since the pathophysiology of MSMD and IBD is different, so
choosing an appropriate treatment is challenging. The therapeutic goal
in the CD is to induce and maintain remission, heal the mucosa and
optimize quality of life for the patient. Treatment with initial trials of
immunosuppressive treatment (corticosteroid and steroid sparing im-
munomodulators), and anti-TNF agent are suggested for the CD treat-
ment [40,41]. However, using anti TNF-α treatment increases the risk
of Mycobacterium and granulomatous infection [42]. TNF- α is a
pleiotropic cytokine with a critical role in protection against M. tu-
berculosis, produced by macrophages and T cells. TNF-α facilitates
transition from innate to acquired immunity by enhancing antigen
presentation and T cell co-stimulation [43]. Index patient had a con-
current incidence of MSMD and IBD, so choosing an appropriate
therapy approach, following clinical and laboratory criteria was cri-
tical.

5. Conclusion

Here, we describe two different features of the IL12Rβ1 deficiency
in one patient. To the best of our knowledge, this case is the first report

of the concurrent prevalence of CD and MSMD in one patient in Iran.
Early differential diagnosis of the patient is critical in the disorder
management, and genetic evaluation would provide a beneficial atti-
tude in the process of treatment.
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