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Case Report

Novel RAG2 Mutation in a Patient with Leaky Severe Combined
Immunodeficiency

Salar Pashangzadeh'?, Reza Yazdani'?, Samaneh Delavari'?, Hassan Abolhassani'?, Nima Parvaneh*’

'Research Center for Inmunodeficiencies, Pediatrics Center of Excellence, Children's Medical Center, Tehran University of Medical Scienc-
es, Tehran, Iran

2 Primary Immunodeficiency Diseases Network (PIDNet), Universal Scientific Education and Research Network (USERN), Tehran, Iran
¥ Division of Clinical Immunology, Department of Biosciences and Nutrition, Karolinska Institute, Stockholm, Sweden

*Division of Allergy and Clinical Immunology, Department of Pediatrics, Children’s Medical Center, Tehran University of Medical Sciences,
Tehran, Iran

Received: 16 October 2021; Accepted: 11 December 2021

Abstract

T and B lymphocytes development and function are highly dependent on Recombination Activating
Genes (RAG) 1 and 2. RAG mutations result in different degrees of T and B cell impaired function, broad
clinical manifestations, and immunological manifestations. Pathogenic mutations cause severe combined
immunodeficiency (SCID) phenotype, while hypomorphic mutations are responsible for leaky or partial
SCID.

Here, we described a 4-year-old girl who had a persistent diarrhea, recurrent infection, and vomiting.
Although physicians were suspicious about autoimmune enteropathy, her molecular report showed a
homozygous and novel RAG2 mutation in its core domain. The number of CD4 T cells and IgA level were
lower than normal ranges. Lack of IgA brought about different GI complications. Our patient died finally
because of liver and gallbladder failure.
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Introduction

Severe combined immunodeficiency (SCID) is
the prototype of primary immunodeficiency dis-
ease (PID) (1), and its prevalence rate is roughly
estimated at 1:50,000 to 1:100,000 in a worldwide
live births population (2). Iran and other coun-
tries with a higher rate of consanguinity, the pre-
cise number of SCID cases seem to be higher than
it has been reported earlier (3). SCID patients
have severe T-cell dysregulation and impaired
B-cell function, which makes them prone to op-
portunistic infections, persistent diarrhea, skin
rashes, pneumonitis, and failure to thrive (FTT)

with early childhood onset (4).

SCID patients are subclassified into four differ-
ent groups based on their defects; (i) functional
dysregulation in the pre-T-cell antigen receptor
complex (CD3e/y/{ and CD45); (ii) signaling
defects in common y-chain dependent cytokine
receptors, including Interleukin 2 (IL-2) receptor
y-chain, IL-7 receptor a-chain, and Janus kinase
3; (iii) impaired in V(D)J recombination (Arte-
mis, RAGI, RAG2); (iv) early death of lympho-
cytes caused by purine metabolic dysfunction
ADA deficiency) (5).

The recombination-activating gene 1 and 2
(RAG1/2) play a significant role in variable (V),
diversity (D), joining (J) segments recombination
of T and B cell receptors (TCR, BCR) (6). RAG1
and RAG2 are not only necessary for TCR and
BCR diversity but also for their survival and de-
velopment. RAG1 and RAG2 mutations are cor-
related with several types of immunodeficiencies,
such as TB'NK* SCID, Omenn syndrome (OS),
leaky SCID (LS) with yg T cell expansion, and
combined immunodeficiency with granulomas
and/or autoimmunity (CID/AI) (7-10). In the
present study, we reported a patient with RAG2
deficiency who had been initially diagnosed with
selective immunoglobulin A deficiency (SIgAD).

Case presentation

Our patient was a 4-year-old girl and the first
child of consanguineous parents. No significant
findings were found in her family history. Be-
tween the ages 3-month to 36-month, she was ad-
mitted several times due to persistent dry coughs,
persistent and chronic diarrhea, pneumonia, and
failure to thrive (FTT). At age 3.5 years, she was
referred to Tehran Children’s Medical Center and
hospitalized there because of cough, diarrhea,
and hypoalbuminemia. IgA deficiency, along
with CD4 deficiency, was revealed in her Immu-
nological evaluations. Based on her lab findings

and biopsy and endoscopy of the intestine, phy-
sicians were suspected about Intestinal lymphan-
giectasia, autoimmune enteropathy, and common
variable immunodeficiency. Cotrimoxazole, Sal-
butamol, Montelukast, and monthly Intravenous
Immunoglobulin (IVIG) were prescribed for her
complications. Although most of her internal
organs were found normal in CT scan, hyper-
aeration, diffuse bronchiectasis, pre-bronchial
thickening, atelectasis, and consolidation in RML
medical segments were reported in axial spiral
High-resolution computed tomography (HRCT)
of the chest without contrast media.

One month later, she was admitted to our cen-
ter again because of chronic diarrhea, jaundice,
vomiting, cough and crackles. Gastric antrum
and esophageal mucosa biopsy showed moderate
chronic gastritis with focal activity in addition to
mild esophagitis. Spiral abdominal CT scan with
contrast media showed centrilobular nodule with
tree in bud appearance which seen in both lungs.
Moreover, the colon is severely dilated and fluid
filled down to the rectum. Gallbladder sonogra-
phy showed sludge and cholesterol deposition.
Cholestatic liver disease with significant ducto-
penia was observed in her liver biopsy. Further-
more, her bone marrow aspiration was normal
but hyper eosinophilia. Respiratory distress,
opportunistic pulmonary infections, persistent
lymphopenia, and oral candidiasis were also re-
ported this time-course hospitalization.

She was admitted again in her late three years
old and complaining about respiratory distress,
bile duct paucity, vomiting, and persistent diar-
rhea. Interstitial lung disease (ILD), along with
bronchiectasis were reported in the chest X-ray
(CXR) report. She received several corticoste-
roids for lessening pulmonary complications
along with nebulizer ventilation, meropenem,
and amphotericin. Paromomycin was also pre-
scribed for her diarrhea. Regarding the probabili-
ty of combined immunodeficiency, whole-exome
sequencing (WES) was requested, and RAG2 de-
ficiency was identified. Her detailed WES report
is summarized in Table 1.

At age four, she was hospitalized at E-ICU due
to respiratory distress, and other clinical manifes-
tations including fever, cough, jaundice, persistent
diarrhea, pulmonary bronchiectasis, weight loss,
and appetite loss were also observed. The patient
underwent magnetic resonance cholangiopan-
creatography (MRCP), which showed primary
sclerosing cholangitis (PSC). She was also a can-
didate for endoscopic retrograde cholangiopan-
creatography (ERCP), which was not conducted
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due to the patient’s age. Although the physicians
believed that the medication must be continued,
her parents discharged her from the hospital with
their consent. Unfortunately, the patient died a
few weeks later due to liver and gallbladder fail-
ure.

Table 1. Detailed WES Report

Gene RAG2

Zygosity Homozygous
Genomic Coordinates | Chr11:36614985
Amino Acid Change | p.Pro245Leu
SIFT Damaging

Some clinical presentation of our patient was
in accordance with previously reported RAG2 de-
ficient patient in Table2, including FTT, chronic
diarrhea, recurrent infection. Although our pa-
tient exhibited a normal percentage of B cells and
most of the immunoglobulin levels were normal,

Table 2. Immunological Data

the IgA level was undetectable, and it may reveal
that our patient had SIgAD along with RAG2 de-
ficiency. Some typical RAG2 deficiency manifes-
tations were not present in our patient, including
erythroderma, hepatomegaly, splenomegaly, and
lymphadenopathy. Lack of mucosal immunity
due to undetectable IgA level, our patient, had
faced additional complications in her GI system.

As provided in Table 3, most of the SCID cas-
es, had early disease onset, but our patient’s clini-
cal manifestations were started when she was 1.5
years old. This delay of onset may correlate with
the disease phenotype. Regarding that, most of
the SCID cases have a lower number of T and/or
B lymphocyte along with hypogammaglobulin-
emia; clinical presentations occur in the first days
or months of the newborns. In our patient’s case,
due to the leaky phenotype of the disease, just
CD4 T cells, and B cell numbers, and IgA serum
levels were lower normal ranges. This leaky SCID
form may defer the disease onset.

Result

Test a5 dy/o Units Reference Range
WBC 11190 15690 103/ul 4000-10000
Lymph 3710 4300 10%/ul 1500-3500
PMN 6200 9400 10%/ul

Hb 12.2 9 g/dl 13-17

PLT 271000 ul 170000-450000
IgG 933 579 md/dl 700-1600

IgA <8 Undetectable mg/dl 48-345

IgM 140 85 mg/dl 55-210

IgE 10 9 IU/ml up to 52

CD3 46.4 63 % 30-78

CD4 16 18 % 22-58

CDS8 47 41 % 10-37

CD19 5 8 % 9-38

CD20 5 8 % 9-38

CD16/56 29 25 % 5-19

NBT 100 % 97
Anti-Tetanus 0.04 1U/ml >0.1
Anti-Diphtheria  0.01 IU/ml >0.1

Discussion

RAGI and RAG2 genes located on chromo-
some 11pl13 are essential for Ig recombination
and T-cell receptor (TCR) loci. A homozygous
mutation in these two critical genes results in T

and B lymphocytes development arrest and cause
SCID. On the other hand, the hypomorphic mu-
tation in RAGI and RAG2 genes, halt all types of
lymphocytes development but oligoclonal and ac-
tivated T cells and cause Omenn syndrome, leaky
SICD and other types of immunodeficiencies (2).
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Here, we described a 4-year-old girl with pri-
mary immunodeficiency who was hospitalized
several times for her recurrent respiratory infec-
tion, diarrhea, and vomiting. Her initial diagnosis
was CD4 deficiency along with IgAD, WES was
also requested for the exact diagnosis. Her WES
report showed a C734T missense mutation in the
RAG?2 gene. This probably damaging mutation is
novel and has not been reported so far. The de-
tected homozygous mutation reflects the consan-
guinity of her parents. The mentioned mutation
was in the core domain of the RAG2 mutation,
which is crucial for RAG2 catalytic activity. Al-
though this mutation was in the core domain of
the RAG2 gene and a more severe phenotype was
expected, it seems that this type of mutation re-
sulted in hypomorphic mutation and leaky form
of the disease.

The genetic defect underlying SCID is not al-
ways reported; our patient had a novel mutation
in the RAG2 gene, all patients with SCID are sus-
ceptible to life-threatening opportunistic infec-
tions (27). The analysis of phenotypes of B and
T lymphocytes of our patient showed low num-
ber of T and B cells, but elevated NK cell counts.
The phenotype of B, T and NK cells of the patient
in the study of Shen et al. was similar to our pa-
tient (28). The low numbers of T and B cells fre-
quently caused severe infections at a young age
(29,30). Children with SCID reveal monoclonal
TCR peaks associated with T cell dysfunction.
This, along with B cell dysplasia, causes cellular
and humoral immune system abnormalities (31).
The cause of death of our patient was the liver and
gallbladder failure. In Sadeghi-shabestari et al.'s
study, the patient with RAG 2 mutation died due
to disseminated BCG disease (27).

Hematopoietic stem cell transplantation
(HSCT) can be an effective and permanent treat-
ment for children with RAG2-SCID (32, 33). Al-
though HSCT is a life-saving treatment in these
patients, it can be limited by factors such as high
rates of graft-versus-host disease (GVHD), trans-
plant-related mortality, lack of suitable donors,
and high costs (34).

Consanguineous marriage and family history
of early death due to frequent infections should
also be cautioned to underlying immunodeficien-
cy diseases. In Iran, due to the high rate of con-
sanguineous marriage, genetic counseling should
be provided.

Conclusion
RAG deficiency should be a consideration in
older patients with evidence of combined humor-

al and cellular immunodeficiency.
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