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To the Editor,

Recently, autoimmunity has been increasingly recognized as a key feature of many 

monogenic primary immune deficiencies (PID). The development of autoimmunity is likely 

multifactorial, resulting from the effect of multiple triggers in the setting of a dysregulated 

immune system.

Mutations of Recombination Activating Gene (RAG) 1 and 2 in humans account for a broad 

spectrum of phenotypes ranging from lack of T and B cells (leading to severe infections and 

early mortality) to delayed onset autoimmune and/or granulomatous disease (1). The 

autoimmune phenotype can be variable, from the sole presence of autoantibodies and 

immune-mediated cytopenias to localized destructive vasculitis. By performing a 

population-based analysis, we have recently shown that pathogenic RAG1/2 mutations are 

present in higher frequency than previously thought and likely contribute to many more 

undiagnosed cases of combined immunodeficiency or autoimmune disease (2).

The phenomenon of autoimmunity in RAG deficiency is potentially due to disruption of 

both T and B cell tolerance checkpoints (3, 4). In particular, breakage of central B cell 

tolerance is likely secondary to impaired receptor editing, wherein re-expression of RAG 

proteins in the bone marrow initiates secondary rearrangement of the light chain locus to 

decrease antibody self-reactivity (4). In humans, efficiency of receptor editing may be 

estimated by measuring rearrangements that involve the cryptic heptamer in the J-C intron 

(termed “iRS-RS rearrangement”) of the IGK locus (5). Using this assay, low levels of iRS-

RS rearrangement, and hence impaired receptor editing, have been demonstrated in a 

subgroup of subjects with systemic lupus erythematosus (SLE) and type 1 diabetes (5). 

Here, we report that a subset of these previously described SLE patients were tested for the 

presence of RAG gene mutations. In particular, we selected SLE patients with normal (n=5) 

or low (n=5) iRS-RS rearrangement. All ten patients had a wild-type sequence of the RAG1 

gene. All five patients with normal receptor editing levels also had normal variants of RAG2. 

However, of the five patients with low iRS-RS rearrangement levels, one patient was found 

to carry a heterozygous missense RAG2 mutation (c.C123G; p.C41W). Homozygosity for 

this mutation has been previously reported in a patient with Omenn syndrome (2). 

Moreover, the RAG2 p.C41W mutant has been shown to cause impaired V(D)J 

recombination (4-10% of wild-type) secondary to diminished DNA binding and cleavage 

activity in vitro (6).

The SLE patient carrying a heterozygous RAG2 p.C41W mutation is a 44-year-old Hispanic 

female. She was diagnosed at 23 years of age when she presented with polyarthritis, 

Raynaud phenomenon and sicca symptoms. Other clinical manifestations that developed in 

the course of her disease include serositis (pleuritis and pericarditis), hive-like rashes, and 

class V lupus nephritis. Laboratory studies were notable for leukopenia and 

hypocomplementemia. Serologic studies showed high-titer anti-nuclear antibody and 

presence of antibodies to dsDNA, Smith, RNP, histone, SSA and cardiolipin. Rheumatoid 

factor and anti-cyclic citrullinated peptide (CCP) antibodies were undetectable. She was also 

noted to have history of recurrent infections, which were attributed to her medication 

regimen; she was treated with prednisone, hydroxychloroquine, and leflunomide. Arthritis 
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with erosive changes remained her most prominent symptom, while her other manifestations 

responded well to increased doses of prednisone. She never received B cell-directed 

therapies such as rituximab or belimumab, or other immunosuppressive medications such as 

cyclophosphamide or TNF-α inhibitors.

The patient was hospitalized at 39 years of age for arthritis flare, pleurisy, bursitis and 

streptococcal sepsis. Laboratory evaluation at the time of her hospitalization was significant 

for T and B cell lymphopenia (ALC: 600 cells/mm3; CD3+ lymphocytes: 504 cells/mm3; 

CD19+ B lymphocytes: 32 cells/mm3). The T cell lymphopenia was mostly related to 

decreased CD4+ cell count (CD4+: 275 cells/mm3; CD8+: 201 cells/mm3). While both T and 

B cell lymphopenia are well documented in SLE, and may be due in part to anti-lymphocyte 

antibodies, this degree of B cell lymphopenia is unusual (7). Lupus patients with erosive 

arthritis may represent a distinct clinical subset of SLE. In one study, this subset was 

characterized by largely non-white women with a propensity for mild nephritis, Sjogren's 

syndrome and Raynaud's phenomenon (8). Other studies of arthritis-predominant lupus 

patients have implicated anti-cardiolipin, anti-dsDNA, and anti-Ro/La antibodies (9). Our 

patient's presentation appears to fit this clinical subset of SLE well, raising the question of 

whether receptor editing defects might be more prevalent in this specific group.

The effect of heterozygous RAG mutations on B and T cell tolerance has not been 

thoroughly examined. Most heterozygous parents of children with biallelic RAG1 or RAG2 

mutations appear healthy, but no studies have formally assessed clinical or laboratory signs 

of autoimmunity in these subjects. In mice, significant impairment in B and T cell 

development has been reported in aged Rag1-S723C heterozygous mice with low 

recombinase activity (10). These changes include decreased numbers of CD4+ CD8+ 

thymocytes, increased pro-, and decreased numbers of preand early B cells. Our group has 

reported impaired receptor editing in Rag1-S723C homozygous mice but heterozygous mice 

have not yet been formally evaluated (10).

While impaired receptor editing due to a RAG mutation may have contributed to the 

pathogenesis of SLE in the patient described here, additional factors likely played an 

important role in the development of autoimmunity. For example, elevated BAFF levels in 

the setting of B cell lymphopenia could relax the stringency of B cell selection (11). 

Furthermore, HLA genotype and environmental triggers may also contribute to the final 

autoimmune phenotype.

In summary, we have identified a patient with SLE and erosive arthritis and low receptor 

editing associated with a heterozygous RAG2 mutation. This finding broadens the 

phenotypic spectrum of gene defects typically associated with severe immunodeficiency, 

and also highlights the role of identifying specific genotype-phenotype correlations within 

heterogeneous presentations of lupus.

We propose that breach of RAG-dependent tolerance checkpoints due to receptor editing 

may play a role in the pathogenesis of SLE for some patients. With this case report we urge 

for increased awareness of monogenic immune defects in autoimmune diseases that are 

otherwise considered to be of multifactorial origin.
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Key Messages

1. We describe here a patient with systemic lupus erythematosus carrying a RAG2 

missense heterozygous mutation and with evidence of impaired central B cell 

tolerance

2. Our case provides novel insights into mechanism that may contribute to loss of 

tolerance in lupus
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Capsule Summary

The clinical spectrum of RAG deficiency has expanded to cases with dominant features 

of autoimmunity. We describe a patient with lupus and evidence of impaired central B 

cell tolerance carrying a RAG2 missense heterozygous mutation.
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