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Chronic active Epstein-Barr virus (EBV) infection (CAEBV) is an EBV-associated
lymphoproliferative disease characterized by repeated or sustainable infectious
mononucleosis (IM)-like symptoms. EBV is usually detected in B cells in patients who
have IM or Burkitt’s lymphoma and even in patients with X-linked lymphoproliferative
syndrome, which is confirmed to have vulnerability to EBV infection. In contrast, EBV
infects T cells (CD4™ T, CD8" T, and y38T) or NK cells mono- or oligoclonally in
CAEBV patients. It is known that the CAEBV phenotypes differ depending on which
cells are infected with EBV. CAEBV is postulated to be associated with a genetic
immunological abnormality, although its cause remains undefined. Here we describe a
case of EBV-related y8T-cell proliferation with underlying hypomorphic IL2RG mutation.
The immunological phenotype consisted of y3T-cell proliferation in the peripheral blood. A
presence of EBV-infected B cells and y8T cells mimicked y8T-cell-type CAEBV. Although
the patient had normal expression of CD132 (common y chain), the phosphorylation of
STAT was partially defective, indicating impaired activation of the downstream signal of
the JAK/STAT pathway. Although the patient was not diagnosed as having CAEBY, this
observation shows that CAEBV might be associated with immunological abnormality.

Keywords: chronic active Epstein-Barr virus infection, y3T-cell, common y chain, IL2RG, JAK/STAT pathway

INTRODUCTION

Epstein-Barr virus (EBV) infection is a very common disease that is found in >90% of all adults
with a lifelong occurrence. EBV infections commonly occur asymptomatically in infants and young
children, but some individuals present infectious mononucleosis (IM), which typically manifests as
fever, pharyngitis with petechiae, exudative pharyngitis, lymphadenopathy, hepatosplenomegaly,
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and atypical lymphocytosis. EBV is usually detected in B cells
from patients who have IM or Burkitt’s lymphoma. Even in X-
linked lymphoproliferative syndrome (XLP), which is a primary
immunodeficiency disease (PID) characterized by vulnerability
to EBV infection, B cells are similarly infected with EBV. On the
other hand, in most patients with chronic active EBV infection
(CAEBV), which is characterized by repeated or sustainable
IM-like symptoms, the virus is detected in T cells (mainly in
CD4" T cells, and less in CD8" T cells and y8T cells) or
NK cells (1, 2). Hypersensitivity to mosquito bites and elevated
levels of serum IgE are observed in patients with NK cell-
type CAEBV (3). In contrast, in Europe and the United States,
which are known to have fewer cases than Asian countries,
CAEBV patients are likely to show B-cell-type infection, B-cell
depletion and hypogammaglobulinemia (4). This is suggested to
be due to differences in the genetic background or environmental
factors, and the pathological condition may differ depending
on such differences in those infected with EBV; however, the
pathophysiology of this condition remains unclear.

Severe combined immunodeficiency (SCID) is a severe form
of PIDs, and is defined as a combined functional disorder of
both T cells and B cells, which finally results in cell-mediated
and humoral immunodeficiency (5). X-linked SCID, which is a
common Y chain (yc) deficiency, is the most common phenotype.
As next-generation sequencing (NGS) becomes a more common
diagnostic tool, the numbers of inherited immune defects might
rise even further. Immunodeficiency and autoinflammatory
diseases might be found to be atypical phenotypes of SCID caused
by hypomorphic IL2RG mutation. Here, we report on a Japanese
adult with recurrent respiratory infection and EBV-associated
leiomyoma during childhood, who developed recurrent infection
in his adolescence. The patient was diagnosed as having CAEBV-
like EBV-associated ydT-cell lymphoproliferation, and was finally
revealed to have IL2RG mutation.

RESULTS

Case Presentation

The patient was a 21-years-old Japanese male with no family
history suggestive of immunodeficiency. He was born to non-
consanguineous Japanese parents. He had experienced recurrent
respiratory infections since childhood. At the age of 6 years,
he was hospitalized with EBV-associated leiomyoma in his
right bronchus, and complement deficiency (C2 and C9), low
T-cell count, and reduced responses to phytohemagglutinin
(PHA) and concanavalin A (ConA) were also found (6).
PID of unknown cause was suspected and Trimethoprim-
Sulfamethoxazole (TMP-SMX) was started. He developed
Yersinia enteritis at the age of 8 and pleurisy at the age of 9.
After that, he did not experience severe infection for 10 years,
even after discontinuing TMP-SMX at the age of 12. Chronic
cough, purpura, edema, and pain of the lower limbs appeared
at the age of 19. A skin biopsy was performed, which led
to a diagnosis of leukocytic fragmentative vasculitis; however,
immunosuppressive therapy was postponed due to his past
medical history of immunodeficiency. At the age of 21, he
was hospitalized with invasive Haemophilus influenzae infection,

which had been stabilized following adequate antimicrobial
therapy, and he also suffered from recurrent pneumonia caused
by multiple pathogens. Extensive immunological evaluations
showed dysgammaglobulinemia, with reduced IgG (608 mg/L)
and IgG2 (109 mg/dL), elevated IgA (692 mg/dL), normal
IgM (62 mg/dL), reduced IgE (<3 IU/mL), and reduced
CH50 levels (16 U/mL) (Supplementary Table 1), along with
reduced lymphocyte proliferation (PHA 6,700 cpm and ConA
4,460 cpm). Lymphocyte subpopulation analysis showed reduced
T cells, a paucity of B cells, and an increase of NK cells
(Table1). In CD3" T cells, a markedly increased number
of y3T cells was observed, and T cells were skewed to the
memory phenotype, especially central memory T cells. The
kappa-deleting recombination excision circles level was low but
detectable, while the T-cell receptor excision circles level was
undetectable. The patient exhibited normal production of specific
antibodies against varicella zoster virus (VZV), mumps, rubella,
and measles.

Virological Examination

Virus DNA quantitative tests revealed the presence of EBV in
peripheral blood mononuclear cells (PBMCs) and plasma (9.0
x 10% copies/;lLgDNA and 4.3 x 10 copies/mL, respectively),
and cytomegalovirus (CMV) was also detected in plasma (4.5 x
10° copies/mL). EBV was detected not only in CD19" B cells
(2.1 x 10* copies/iLgDNA) but also in y8T cells (2.1 x 102
copies/LgDNA). Interestingly, RT-PCR analysis demonstrated
that EBV in B cells was positive for EBNA1, EBNA2, LMP1,
LMP2A, and LMP2B transcripts, whereas EBV in y3T cells was
positive for EBNA1, LMP1, and LMP2A, but negative for EBNA2
and LMP2B transcripts. These findings indicated that EBV in
B cells showed latency III infection; however, EBV in y8T cells
showed latency II. Chronological data of EBV-related antibodies
were shown in Supplementary Table 2.

Genetic Findings

Whole-exome sequencing (WES) identified a hemizygous
mutation in IL2RG ¢.982C > T (p. R328%) in the patient. This
mutation was confirmed by Sanger sequencing (Figure 1A). The
mother was the heterozygous carrier of this variant. WES also
revealed a homozygous mutation in C9 ¢.346C > T (p. R116%),
indicating the cause of his complement deficiency.

Immunological Findings

The mutation was present in exon 8 of IL2RG, which corresponds
to the intracellular domain of the yc chain (Figure 1B).
Flow cytometric examination using an antibody recognizing
the extracellular domain of the CD132 molecule was positive
(Figure 1C). However, the phosphorylation of STAT3, STATS5,
and STAT6 after cytokine stimulation was partially defective
(Figure 1D). In the patient, proliferative capacity was slightly
decreased in both CD4% and CD8" T cells, and markedly
decreased in CD4~CD8™ cells which correspond to y3T cells
(Figures 2A,B). The function of NK cells was normal as revealed
by assessing the expression of CD107a (Figure 2C). EBV-specific
CDS8™ T cells were detectable as well as CMV-specific CD8"
T cells (Supplementary Figure 1). Southern blot analysis of
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TABLE 1 | Lymphocytes profile of the patient at 21 years of age.

Lymphocyte profile % (/nL) Reference value in adults
T CELL LINEAGES

T cells (CD3*/Lymphocytes) 58.1(1,258) 67.8 £ 5.4 (718-2,630)
Th cells (CD4*/CD3T) 13.5 (170) 59.9 + 9.9 (407-1,550)
Te cells (CD8*/CD3 ) 16.0 (201) 34.1 £8.7 (210-1,140)
CD4+/CD8t 0.84 0.8-3.0

Naive Th cells (CD45RAT 1.9 32.3+24.0
CCR7+/CD3*CD4™)

CD4+ Ty (CD45RA™ 92.2 30.3+18.7
CCR7%/CD3+CD4T)

CD4* Tgy (CD45RA~ 413 25.3 +16.1
CCR7~/CD3*+CD47)

CD4% Teyra (CD45RAT 1.75 12.1 4+ 20.2
CCR7~/CD3*CD4™)

Naive Tc cells (CD45RAT 13 40.1 £35.5
CCR7+/CD3*CD8™)

CD8* Ty (CD45RA™ 71.9 20.8 £25.3
CCR7+/CD3*+CD8*)

cbst Tenm (CD45RA™ 7.2 19.7 £20.3
CCR7~/CD3*+CD8*)

CD8* Temra (CD45RAT 7.9 19.2 4+ 25.8
CCR7~/CD3*CD8™)

apT cells (TCRaptTCRys—/CD3T) 28.1 89.6 +4.8

¥8T cells (TCRap~ TCRys+/CD3™) 71.6 52+42
Double negative T cells (CD4~ 0.83 0.77 £0.35
CD8~/CD3+TCRap™)

Regulatory T cells 9.16 3.11 +£1.02
(CD25FIL7R~/CD3TCD4™)

Follicular helper T cells 3.06 7.02 +£3.43
(CD45RO+CXCR51/CD3+CD4 )

Invariant natural killer T cells 0.027 0.018 £ 0.012
(Vb11tVa24*/CD3T)

B CELL LINEAGES

B cells (CD197F/Lymphocytes) 2.01 (44) 12.2 +£ 4.4 (110-627)
Transitional B cells (CD24+ 2.2 8.1+6.5
CD38*/CD19%)

Memory B cells (CD271/CD19T) 45.6 18.5+8.2

IgM memory B cells (CD27+ 7.47 11.2 4+ 4.0
IgMT/CD197F)

Switched memory B cells (CD27+ 36.9 182 +£7.2
|gD~/CD19™)

IgG memory B cells (CD27+ 5.43 24+14
IlgGt/CD19t)

IgA memory B cells (CD27+ 1.9 3.3+28
IgAT/CD191)

CD217 B cells (CD20T/CD197) 79.7 14.3+56
Plasmablasts (CD38+ 27.6 32+23
IgM~/CD19%)

NK CELL LINEAGE

NK cells (CD161 33.8(732) 13.4 £+ 4.1 (82-760)

CD56/Lymphocytes)

Values above than the normal range are shown in red, and values below than the normal
range are shown in blue. Th, helper T; Tc, cytotoxic T; Tcy, central memory T; Tgw, effector
memory T; Tenra, CD45RA™T effector memory T.

the TCRP chain showed extra bands in the patient, indicating
that the TCRP chain was rearranged (Figure 2D). The TCR
repertoire profile showed oligoclonal expansions of y-expressing

clonotypes (Figure 2E). These findings indicated that expanded
EBV-infected y8T cells might have impaired immunological
function and play a pivotal role in the pathogenesis of the disease.

Clinical Course After Diagnosis and

Immunological Examination

A few months after the diagnosis, the patient presented with
high fever, whole body rash with small blisters, and EBV (6.8
x 103 copies/ngDNA) and VZV (1.7 x 10* copies/iLgDNA)
viremia. The symptoms disappeared after the initiation of oral
valacyclovir (VACV) for 5 days, but EBV and VZV were
persistently positive in blood. Three weeks after the VACV
treatment, the patient was admitted to hospital with the
symptoms of high fever, cough, abdominal pain, and purpura,
edema, and pain of the lower limbs. Intravenous antibiotic,
acyclovir, and intravenous immunoglobulin treatment were not
effective. Rituximab was also used to diminish the EBV infection
in B cells, but it did not help to resolve the clinical symptoms.
CMV and HHV-7 became positive along with EBV and VZV
a week after admission, and the antiviral drug was switched to
ganciclovir. Methylprednisolone pulse (15 mg/kg/day x 3 days)
treatment was performed against hypercytokinemia [neopterin:
52 nmol/L (<5), IL-18: 3,260 pg/mL (<500), IL-6: 104 pg/mL
(<5), sTNF-RI: 2,020 pg/mL (484-1,407), and sTNF-RII: 5,800
pg/mL (829-2,262)]. These treatments successfully resolved the
symptoms and all four viruses became negative.

At the age of 21, the patient underwent a bone marrow
transplantation from an HLA-matched unrelated donor (total
nucleated cell dose 3.2 x 10% cells’kg) with fludarabine
at 180 mg/m?, melphalan at 140 mg/m?, etoposide at 450
mg/m?, and 3Gy of total body irradiation. Graft vs. host
disease (GvHD) prophylaxis with tacrolimus and short-term
methotrexate were given. Although the patient achieved prompt
neutrophil engraftment on day 417, acute GvHD (Grade 1: skin
2, liver 0, gut 0) developed. Additional therapy with prednisolone
controlled the GvHD. Complete donor chimerism of PBMCs was
demonstrated at day +21 and that of bone marrow mononuclear
cells at day +29. EBV could not be detected from 3T cells, other
types of T cells, B cells, NK cells, or blood plasma at day +85.

DISCUSSION

The protein encoded by IL2RG is an important signaling
component of many cytokine receptors, including those of IL-1,
—4, —7, =9, —15, and —21, and is thus referred to as yc (7).
Mutations in IL2RG cause signal abnormality of these cytokines
and the development of T"BTNK™ SCID. In the present case,
although numbers of T cells and NK cells were relatively well-
maintained, most of the T cells were y8 T cells lacking much
of an ability to proliferate. Immunological assessment showed
that phosphorylation of STAT3, STATS5, and STAT6 was partially
reduced but not completely diminished. These findings suggested
that this mutation (p. R328*) was hypomorphic.

The patient was also associated with C2 an C9 deficiency,
and homozygous nonsense mutation in the C9 was identified.
C9 deficiency is the most common complement deficiency in
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FIGURE 1 | Genetic and immunological studies 1. (A) /L2RG mutation of the patient’s family and in vitro analysis of the IL2RG mutant. (B) Gene structure of IL2RG.
p.R828* is located in intracellular region. W, WSEWS box; B, Box1-Box2 domain; CC, conserved cysteine; TM, transmembrane. (C) Surface CD132 expression in
lymphocytes. (D) Flow cytometric analysis of pSTAT5S, pSTAT3, and pSTAT6. Histogram in lymphocytes or EBV-lymphoblastoid cell line. The number on the left is the
amount of cytokine. NS, non-stimulation.
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FIGURE 2 | Genetic and immunological studies 2. (A,B) Proliferation assay of CD4*, CD8*, and CD4~CD8~ cells using CSFE after PHA and IL-2 stimulation and
anti-CD3/CD28 stimulation. (C) CD107a expression of CD3~CD56% NK cells, which were cultured with K562 target cells. Cells are gated on CD3~CD56 cells. (D)
Southern blot analysis of TCRB chain. The patient shows extra bands (red arrowhead). (E) T-cell y receptor repertoire.

Japan, but is very rare in western countries. The incidence of = some patients with C9 deficiency. The patient suffered from
C9 deficiency was estimated to be 0.086-0.12% in Japan (8-10).  leukocytic fragmentative vasculitis, which might be associated
Autoimmune, renal and infectious diseases were observed in  with C9 deficiency.
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The EBV latent infection type is classified into four types
depending on the EBV genes expressed: latency I, latency II,
latency III, and latency 0. Latency I is seen in Burkitt’s lymphoma
or nasopharyngeal carcinoma, latency II in Hodgkin lymphoma
or nasal NK/T lymphoma, and latency III in opportunistic
lymphoma with HIV infection and PIDs. In CAEBV, EBV
infection shows latency II (11). Latency II infection in y8T cells
might be compatible with CAEBV and other malignancies, and
latency III infection in B cells might be compatible with PIDs.

The patient had EBV-associated leiomyoma at the age of 6
(6). EBV-positive smooth muscle tumor (SMT) is an extremely
rare entity, and it is observed in patients infected with human
immunodeficiency virus or undergoing immunosuppressive
treatment after organ transplantation. In addition, SMT is
observed in pediatric patients with PIDs including SCID (12).

Recombinase activating gene (RAG)1 and RAG2 are involved
in V(D)] recombination of immunoglobulin and T-cell receptor
(13). Patients with complete loss-of-function mutations of
RAGI/2 genes show complete lack of T and B cells (T”B"NK*
SCID). On the other hand, in patients with remaining activity
of RAG1/2 caused by hypomorphic mutation, B and T cells are
somewhat differentiated, although they lose their diversity. This
leads to the failure of immune tolerance, abnormal proliferation
and activation, cytokine production biased toward Th2, and
inappropriate IgE production by B-cell clones. Patients who
have these conditions present with Omenn syndrome at birth
(Figure 3, left panel). Patients with less hypomorphic RAG1/2
deficiency were reported to have CMV infection and y3T-cell

proliferation (14, 15). In addition to the instability of immunity
due to genetic abnormalities, environmental factors, such as viral
infection might lead to y8T-cell proliferation. Likewise, patients
with hypomorphic IL2RG mutation also present with an Omenn-
like phenotype, while complete loss-of-function mutation in
the IL2RG gene is linked to X-linked SCID (T~BTNK™~ SCID)
(Figure 3, right panel). Partial activity of the IL2RG gene
makes the immunity fragile and may facilitate the infection of
herpesviridae viruses, such as CMV and EBV and may feature a
characteristic pathological condition of y3T-cell proliferation as
well as in the case of hypomorphic RAG1/2 deficiency with CMV
infection and y3T-cell proliferation. Recently, the same mutation
was noted in another patient with SCID; however, the phenotypic
data for that case were not reported (16). Accordingly, this is the
first description of the effect of this IL2RG mutation.

CONCLUDING REMARKS

The  patient developed  EBV-associated  y&  T-cell
lymphoproliferative disorder, which is virologically similar
with Y8 T-cell type CAEBV. The patient also presented atypical
yc deficiency with hypomorphic IL2RG mutation. Although
the diagnosis of CAEBV is made without underlying diseases
including PIDs, the disease is supposed to be associated with
immunological deficit. A few cases of CAEBV is associated with
PRFI and STXBP2 mutations (17, 18). Although the pathology of
CAEBYV remains unknown, the experience of this case suggests
that immune abnormality is deeply involved in its onset. The
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accumulation of such cases should promote our understanding
of the pathophysiology of CAEBV and related illness.
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