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Abstract

Severe combined immunodeficiency (SCID) is most frequently caused by mutations in the 

cytokine receptor common gamma chain, CD132, encoded by the X-linked gene, IL2RG. Most 

patients present in the first year of life with failure to thrive, severe, opportunistic infections and 

absence of CD3+ T cells. We present a patient with pediatric illness and a diagnosis of combined 

variable immune deficiency (CVID) who was diagnosed at age 23 with an inherited IL2RG 

mutation causing loss of signal transduction through CD132. His peripheral blood included 

CD3/CD4 and CD3/CD8 positive cells as well as low levels of CD19+ B cells containing a 

reversion to the wildtype IL2RG allele. The reversion, which was not present at birth, may account 

for his mild phenotype and late diagnosis.
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Introduction

Severe combined immunodeficiency (SCID) typically presents in infancy with poor survival 

beyond 2 years without definitive immune reconstitution therapy. Increasingly, though, less 

severe presentations have been associated with mutations in SCID genes. Most of these 

“leaky” SCID cases are due to hypomorphic mutations. However, there are a few cases of 

reversion mutations leading to prolonged survival and a less severe phenotype. We present 
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an individual diagnosed with CVID who was identified with a mutation in IL2RG at 25 

years old. Samples from the patient and his mother were obtained and records were 

reviewed with informed consent under approved protocols at the National Institutes of 

Health and the University of California San Francisco.

Case

The patient developed recurrent ear, sinus and lung infections in early childhood. At the age 

of 5 years, he was diagnosed with common variable immunodeficiency (CVID) and was 

started on intravenous immunoglobulin (IVIG) therapy with decrease in the number of 

infections. Skin lesions developed around age 6 years, affecting primarily the elbow (Fig. 

1a), nose and right cheek and neck, with atrophy and some soft tissue loss of the right nasal 

alae. Biopsy of the lesions showed granulomatous inflammation (Fig. 1b) with presence of 

non-clonal CD3+CD4+ and CD3+CD8+CD57-lymphocytes. Stains and cultures were 

negative for bacteria, fungi and mycobacteria. These lesions improved with intermittent 

topical tacrolimus, but several secondary bacterial infections of the elbow lesions occurred, 

associated twice with osteomyelitis of the underlying bone. Now at 27 years old, he requires 

antibiotic courses for respiratory exacerbations about once yearly and has stable 

bronchiectasis on chest CT (Fig. 1c). He has not had viral skin infections such as warts, 

molluscum contagiosum or herpes zoster. He denies gastrointestinal symptoms and has no 

evidence of malabsorption; however has vitamin B12 deficiency with negative intrinsic 

factor autoantibodies.

Lymphocyte phenotyping showed normal numbers of CD3+ T cells, but low CD4 cells, high 

CD8 cells and inverted CD4/CD8 ratio, with high numbers and percentages of 

CD3+CD8+CD57+ cytotoxic T cells. B cells were within the normal range, but without 

isotype switching. NK cells were reduced while the NK-T population was expanded 

compared to normal controls. Total lymphocyte counts evaluated three times over a 4-year 

period have declined from 1520/uL (89.8 % CD3+) at age 23 to 1150/uL (95.7 % CD3+) at 

age 25 and 890/uL (95.2 % CD3+) at age 27. The CD4/CD8 ratio has remained at 0.3. 

Surprisingly, the NK-T cell numbers have remained elevated in the mid 400′s/uL despite 

declining numbers of total lymphocytes. B cell numbers have also declined (117/uL, 40/uL 

and 30/uL at ages 23, 25 and 27 respectively). Consistent with a T-cell immunodeficiency, 

flow cytometric analysis of TCR Vb usage showed a limited T cell repertoire [1] with over-

represented Vb2, Vb13.1 and Vb20 in CD4+ cells and Vb 3, Vb13.1 and Vb 16 in CD8+ 

cells. (data not shown). DNA from multiple peripheral blood samples was amplified for 

detection of immunoglobulin and T-cell receptor gene rearrangements. In all samples, there 

was polyclonal rearrangement of the immunoglobulin locus and clonal or oligoclonal 

rearrangement of the TCR locus, replicating the limited T cell repertoire seen by Vb 

staining. DNA from the skin biopsy demonstrated polyclonal TCR rearrangement in the 

tissues. The patient has normal levels of plasma IgA and IgM (447 and 130 mg/dL 

respectively) however IgG levels are not reliable due to the administration of IVIg.

The clinical phenotype of granulomatous skin lesions and bronchiectasis led to consideration 

of RAG1, RAG2 and TAP defects, the first two ruled out by sequencing and the latter by 

showing normal MHC class 1 expression. The combined T and B cell defect suggested a 

Hsu et al. Page 2

J Clin Immunol. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



leaky form of SCID, so we sequenced IL2RG, encoding the common gamma chain for 

multiple cytokine receptors (CD132), using DNA isolated from whole blood. We found a 

hemizygous T>C transition in IL2RG at c.260 resulting in p.L87P, with a minor wild-type 

peak detected under the mutant peak (Fig. 2a). To distinguish whether this double peak was 

due to somatic mosaicism or reversion, DNA from maternal buccal swabs was sequenced 

and demonstrated heterozygosity of c.260 T>C. Therefore, the patient inherited the mutant, 

maternal allele and the wild-type allele is due to a reversion event. As further support for 

reversion, DNA isolated from the newborn dried blood spot card (DBS) obtained from the 

California Department of Public Health Genetic Disease Laboratory had undetectable TREC 

amplification (normal >25 copies/uL) despite 31,800 copies of the control amplicon (normal 

>10,000 copies/uL), indicative of severe T cell lymphopenia at birth [2]. Furthermore, 

IL2RG sequence of this DNA showed only the mutant c.260C allele (Fig. 2b).

To evaluate different lineages for the reversion, DNA isolated from archived 

polymorphonuclear cells (PMNs) and Epstein-Barr virus (EBV) transformed B cells, both 

collected at age 21, as well as peripheral blood mononuclear cells (PBMCs), PMNs, buccal 

swab cells and fibroblasts collected at age 25 were sequenced for IL2RG exon 2. (Fig. 2b). 

Only the mutant allele was present in DNA from buccal cells, fibroblasts, PMNs, and the 

EBV transformed B cell line from age 21 as well as PMNs from age 25. In contrast, the first 

available PBMC sample, from age 25, had equal amounts of mutant and wild-type DNA, 

demonstrating the prominence of the reversion within the lymphoid lineage.

To examine the effect of the above p.L87P mutation, we stained the EBV transformed B 

cells, demonstrating loss of anti-CD132 antibody recognition of the mutant protein. We then 

isolated PBMCs from whole blood and stained for CD3, CD4, CD8, CD19 and CD132 to 

determine which cells had detectable surface expression of CD132 indicating revertant cells. 

As expected, all CD3+CD4+ and CD3+CD8+ cells expressed CD132 (Fig. 2c). We next 

examined CD62L versus CD45RA in CD4+ and CD8+ cells for T cell subsets (Fig. 2d). 

While naïve (CD45RA+ CD62L+) T cells were present in percentages comparable to 

normal (10.6 % vs 11.4 in CD4+ and 29.87 vs 25.7 % in CD8+), the increased T cell 

effector memory and transitional effector memory subsets are expanded indicating 

repopulation towards terminally differentiated and exhausted subsets. Surprisingly, there 

was a small population (1.1 %) of CD19+ cells that were CD132 positive as well. Given the 

low percentage of CD132+ B cells, we repeated the staining on frozen PBMCs from a 

different visit and again detected a CD132+ B cell population. We further subtyped the 

CD132+ B cells using CD10 versus CD27 staining; the patient had increased percentages of 

naïve and transitional CD132+ B cells (38, 31 % respectively compared to 28, 10 % in the 

normal control) however he had only 18 % memory B cells (56 % in the normal control). 

IL-2 was unable to induce STAT5 phosphorylation (pSTAT5) in the patient EBV cells 

compared to EBV cells from a healthy control (Fig. 2c) indicating the missense change 

affects signal transduction through CD132.

Discussion

X-linked severe combined immune deficiency (X-SCID) comprises both cellular and 

humoral immune defects. Unless detected by a positive family history or newborn screening, 
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patients typically present in the first year due to opportunistic infections and failure to thrive, 

and mortality is high in the first 2 years without immune reconstitution from bone marrow 

transplantation. X-SCID is caused by mutations occurring in IL2RG encoding the cytokine 

common gamma chain (γc) [3, 4] which supports signaling by multiple interleukins (IL) 

including IL-2, IL-4 [5], IL-7 [6], IL-9 [7], IL-15 [8] and IL-21 [9]. Signaling through IL-7 

is essential for differentiation of T cells from the common lymphoid progenitor, while IL-21 

signaling induces proliferation, immunoglobulin (Ig) isotype switching and antibody 

secretion in B cells [10]. IL-15 is required for maturation of natural killer (NK) cells [11]. 

The lymphocyte profile is therefore a lack of T and NK cells, while B cells are present but 

unable to make specific antibody responses.

In four previously reported cases of spontaneous reversion in IL2RG [12-15], only CD3+ T 

cells demonstrated reversion to wild-type while all other lineages examined remained 

mutant. This is the first identified case of X-SCID in which the reversion is found in CD19+ 

B cells as well as T-cells, indicating a reversion event at the level of common lymphoid 

progenitor. This early reversion is detectable within circulating B cells but does not appear 

to be sufficient to correct the patient’s specific immunoglobulin defect.

Milder phenotypes in patients have been associated with mosaicism due to somatic mutation 

[16] while improvement of severe phenotype has been demonstrated in cases of somatic 

reversion occurring in the appropriate cell population [14, 15, 17]. We describe a patient 

whose early childhood infections may have improved due to selective expansion of wild 

type T cells during early life as well as IVIG therapy. He nevertheless experienced 

cumulative pulmonary injury and extensive skin lesions. Similar to “leaky” SCID due to 

RAG defects, granulomatous skin disease was a predominant clinical feature. Newborn 

TREC screening, which is becoming more widely available, would have detected SCID for 

this patient and others with leaky SCID allowing early institution of optimal therapy [18].
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Fig. 1. 
Clinical presentation a. Dermatitis on elbows of patient; note central atrophy, 

hypopigmentation and scaling with areas of erythema and induration at the perimeter. b. 

Histological stain demonstrating granuloma with intense lymphocytic infiltration in the 

superficial dermis. c. Chest CT at 26 years with features of bronchiectasis, irregular scarring, 

distention and thickening of the airways (arrows), throughout the lung parenchema
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Fig. 2. 
Genetic and functional demonstration of reversion mutation a IL2RG genomic sequencing. 

DNA from a healthy control, whole blood from the patient demonstrating the c.260 T>C 

mutation and a minority contribution of the wild-type revertant peak (arrow), and buccal 

swab of the patient’s mother. b IL2RG sequence from patient cells and age at collection 

(parentheses). c Surface staining for CD132 (solid line) on CD3+CD4+, CD3+CD8+ and 

CD20+ PBMC. Revertant CD132+ population indicated by arrows. IL-2 induced pSTAT5 

in EBV-B cells. Solid line IL-2 stimulated, dotted line unstimulated. d Subtyping of CD4+ 

and CD8+ T cells. The numbers indicate percentage of gated cells in each quadrant. The 

patient is notable for the decreased central memory (CD62L+ CD45RA−) population in both 

CD4+ and CD8+ cells
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