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CASE REPORT

Interleukin-21 Overexpression Dominates T Cell Response to Epstein-
Barr Virus in a Fatal Case of X-Linked Lymphoproliferative Syndrome

Type 1
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Interleukin-21 (IL-21) is a cytokine whose actions are closely related to B cell differentiation into plasma cells as well as to CD8*
cytolytic T cell effector and memory generation, influencing the T lymphocyte response to different viruses. X-linked lym-
phoproliferative syndrome type 1 (XLP-1) is a primary immunodeficiency syndrome that is characterized by a high susceptibility
to Epstein-Barr virus. We observed in a pediatric patient with XLP-1 that IL-21 was expressed in nearly all peripheral blood
CD4* and CD8™ T cells. However, IL-21 could not be found in the lymph nodes, suggesting massive mobilization of activated
cells toward the infection’s target organs, where IL-21-producing cells were detected, resulting in large areas of tissue damage.

CASE REPORT

Our patient was a 10-month-old Caucasian male, born full-
term to a nonconsanguineous couple, who had a medical
record of bronchiolitis and ear, nose, and throat infections. The
child was referred to our Pediatric Infectious Disease Unit because
of fever (38.5°C to 39.5°C) lasting 11 days, associated with a non-
pruritic erythematous rash, tonsillitis, cervical lymphadenopa-
thies, and hepatomegaly (3 cm below the costal edge). Neither
splenomegaly nor abdominal lymph node enlargement was de-
tected on admission. At this point, the blood values showed a
white blood cell count of 20,900/l (lymphocytes, 72%), throm-
bocytopenia (72,000/pl), a raised C-reactive protein level, and a
mild elevation of liver enzymes (aspartate aminotransferase
[AST], 120 U/liter, alanine aminotransferase [ALT], 111 U/liter,
and y-glutamyl transferase [GGT], 324 Ulliter). Specific IgM and
IgG antibodies to cytomegalovirus (CMV) and Epstein-Barr virus
(EBV) were found, with the latter at a high titer (anti-EBV IgG,
>1/640). Viral loads were determined by means of PCRs. PCR
values for EBV found in infectious mononucleosis (IMN) patients
ranged from 6,541 copies/ml to 11,476 copies/ml. The value de-
tected in the patient was as high as 50,368 copies/ml for EBV
(human herpesvirus 4 [HHV-4]) but <600 copies/ml for CMV.
EBYV infection was diagnosed.

The patient’s general condition worsened after 72 h, and he
developed splenomegaly (14 ¢cm) and basal right pneumonia,
which was treated with 50 mg cefotaxime/kg of body weight intra-
venously every 12 h in the absence of microbiological culture data.
The fever disappeared, and the patient’s condition remained sta-
ble for a week, but the fever returned (39.5°C) and was accompa-
nied by pronounced jaundice (bilirubin, >4 mg/dl; AST, 843
Ulliter; ALT, 339 Ulliter; and GGT, 1,233 Ulliter). High levels of
ferritin (2,682 ng/ml) and plasma triglycerides (240 mg/dl), low
levels of hemoglobin (7.3 g/dl), and a lymphocyte count of
>50,000/ ] were detected. Within the next 24 h, severe thrombo-
cytopenia occurred (<<40,000 platelets/vl) along with general ton-
ic-clonic seizures, brain front-lobe bleeding, and generalized ce-
rebral edema (as observed on a computed tomography [CT]
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scan), which evolved in the subsequent 16 h to respiratory distress,
hemodynamic shock, multiorgan failure, and exitus. The main
clinical events that occurred in this X-linked lymphoproliferative
syndrome type 1 (XLP-1) patient are represented in Fig. 1.

XLP-1 is a primary immunodeficiency syndrome character-
ized by a high susceptibility to Epstein-Barr virus (EBV) (1-3).
The disease is caused by germ line mutations in the SH2D1A gene,
which encodes the adaptor molecule signaling lymphocytic acti-
vation molecule (SLAM)-associated protein (SAP) (4, 5). This
protein modulates the signal transduction of SLAM family recep-
tors in T lymphocytes, natural killer (NK) cells, and natural killer
T (NKT) cells (6, 7), influencing their cytotoxic ability and cyto-
kine regulation (8-10). Theloss of a functional SAP results in both
an impaired ability of cytotoxic cells to clear the EBV infection and
overexpression of proinflammatory cytokines by T and NK cells
(11).

Interleukin 21 (IL-21) is a cytokine that is produced mainly by
CD4™ cells but also by CD8" lymphocytes in different human
diseases (12, 13). In EBV-infected B cells, IL-21 induces the ex-
pression of EBV genes, such as the latent membrane protein 1
(LMPI) gene, thus providing viral peptides that are recognizable
by the immune system (14—16). Indeed, IL-21 is critical for CD8™
T cell survival and memory generation (17-21), as well as for
promoting the activity of CD8™ T cell effectors during viral infec-
tions (22-24), enhancing the cytotoxic response to virally infected
cells by NK cells and CD8* T lymphocytes (25-27).
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FIG 1 Clinical course of the XLP-1 patient from hospital inception.

However, despite the well-known involvement of IL-21 in EBV
infection, direct evidence of its participation in the mechanisms
leading to, or maintaining, the lymphoproliferative response to
EBV infection in SAP-deficient (SAP"®) patients is lacking. We
report here the results for the expression, production, and func-
tion of IL-21 in a SAP"® pediatric patient with a fatal EBV infec-
tion.

Human subjects. T cells from a SAP"® patient were analyzed
during a fatal evolution of EBV infection. In this study, seven
pediatric patients diagnosed with infectious mononucleosis and
seven age- and sex-matched healthy donors were included to serve
as controls. For this purpose, written informed consent from do-
nors’ and patients’ parents as well as approval from the Institu-
tional Review Board of The Reina Sofia University Hospital was
obtained.

Gene analysis procedure. Genomic DNA was extracted from
whole peripheral blood using a Maxwell 16 blood DNA purifica-
tion kit on a Maxwell DNA extraction device (Promega, USA). All
coding exons and intronic boundaries of the PRFI, STXII,
UNC13D, and SH2DIA genes were amplified by PCR. The PCR
amplicons were purified with an illustra ExoStar one-step kit (GE
Healthcare, USA); bidirectional fluorescence sequencing was per-
formed with an ABI BigDye Terminator v3.1 cycle sequencing kit
(Applied Biosystems, USA), and samples were run on an auto-
mated ABI 3730 XL DNA analyzer.

Flow cytometry. For surface-directed staining, cells were incu-
bated with relevant fluorochrome-conjugated mouse anti-human
monoclonal antibodies (MADb) on ice for 30 min in the dark and
washed twice before analysis. Fluorescein isothiocyanate (FITC)-,
phycoerythrin (PE)-, PE-Cy7-, antigen-presenting cell (APC)-, or
Alexa-Fluor 647-conjugated anti-CD3, -CD4, or -CD8 MAb and
isotype-matched control mouse IgG1 and IgG2 MAb were used as
isotype controls (all from BD Biosciences, San José, CA, USA). For
intracellular staining, T cells from IMN patients and controls were
activated with a lymphocyte activation cocktail consisting of 25
ng/ml phorbol myristate acetate (PMA) and 1 pg/ml ionomycin
(Sigma-Aldrich Spain) for 6 h at 37°C, prior to being stained,
fixed, and permeabilized with the Cytofix/Cytoperm kit and a BD
Golgi plug (BD Pharmingen, USA), according to the manufactur-
er’s protocol; an inactivated control was included in the assays and
treated with brefeldin A (BD Pharmingen, San Diego, CA, USA)
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only. For analysis of the XLP-1 patient’s T peripheral blood cells,
the previous treatment was not performed, as they were found to
be already activated. The following anti-human MAb were used:
anti-gamma interferon (anti-IFN-vy) and anti-tumor necrosis fac-
tor alpha (TNF-a) (both from BD Biosciences, USA), anti-IL-22
(R&D Systems, Minneapolis, MN, USA), anti-IL-17 and anti-
IL-21 (eBioscience, USA), and anti-IL-4, anti-IL-5, and anti-IL-10
(BD Pharmingen, USA). Mouse IgG1 and IgG2 were used as iso-
type controls. Flow cytometry was performed on a FACSCalibur
flow cytometer (BD Biosciences, San José, CA, USA), and data
were analyzed using the Cell Quest Pro software (BD Biosciences,
San José, CA, USA).

Immune cell isolation and cultures. Single-cell lymphocyte
suspensions were isolated from peripheral blood mononuclear
cells (PBMC), thymus, and lymph nodes by gradient centrifuga-
tion with Ficoll-Paque (Sigma-Aldrich, Spain). Cells were cul-
tured in complete medium, consisting of RPMI 1640 medium
containing 2 mM glutamine, 100 units/ml penicillin, and 100
mg/ml streptomycin and supplemented with 10% fetal bovine
serum (FBS) (all from BioWhittaker, Belgium) at 37°C in a hu-
midified atmosphere containing 5% CO,. For some experiments,
peripheral blood lymphocytes (PBL) from IMN patients and con-
trols were stimulated in the presence of anti-CD3/CD28-coated
beads (1 bead/cell) (human T-Expander CD3/CD28; Invitrogen
Dynal Biotech ASA, Norway) for 24 h. An EBV cell line was used as
the stimulus in experiments addressing the composition of IL-21-
producing T cells in response to prolonged exposure to EBV-in-
fected cells. Briefly, 10° PBL/well were cocultured with 10° irradi-
ated (3,500 rads) EBV-infected cells/well. Cells were plated at a
final volume of 2 ml/well in 24-well culture plates (Nunc, Den-
mark) for 15 days. At day 7 of incubation, T cells were restimu-
lated with the same number of EBV cells after careful removal of 1
ml of culture medium.

IL-21 production and proliferation assays. The production
and role of IL-21 in the proliferative response observed were stud-
ied as previously described (13). Briefly, carboxyfluorescein suc-
cinimidyl ester (CFSE; 5 wM; Sigma-Aldrich, Spain)-labeled T
cells (5 X 10* cells/well) were stimulated with anti-CD3/CD28-
coated beads (human T-Expander; 1 bead/cell) in the absence or
presence of anti-IL-21 MAb (10 pg) in complete medium. After 3
days, proliferation was determined on a FACSCalibur flow cytom-
eter with CellQuest Pro software. IL-21 and IFN-vy levels were
determined in sera and 24-h culture supernatants from all studied
subjects using enzyme-linked immunosorbent assays (ELISAs)
according to manufacturer instructions (Med Systems, USA).

Immunohistochemistry. Paraffin-embedded sections from
brain and liver (4 pm) were deparaffinized and then hydrated
with graded alcohol solutions. Endogenous peroxidase was
blocked by incubation with 0.75% hydrogen peroxide for 15 min,
followed by antigen unmasking with heated citrate buffer (pH 9).
Sections were stained separately with anti-IL-21 ata 1/100 optimal
dilution (Millipore, USA), mouse anti-human anti-CD4 MAb, or
anti-CD8 MAD (Dako, United Kingdom) for 30 min. Slides were
developed with the EnVision FLEX+, mouse, high-pH link kit
(Dako, United Kingdom) by incubation for 30 min at room tem-
perature with the horseradish peroxidase anti-rabbit/anti-mouse
complex (Dako, United Kingdom) as described by the manufac-
turer (Autostainer Link 48; Dako, United Kingdom). Staining was
performed by incubating slides with diaminobenzidine as the
chromogenic substrate for 5 min. To counterstain, we used
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FIG 2 T cell activation was assessed by expression of CD69 (left column). Intracellular IFN-vy, TNF-, and IL-21 expression levels by CD4™ and CD8 ™ T cells
from an XLP-1 patient (n = 1) and IMN patients (n = 7) are depicted in the middle and right columns, respectively. The results of a representative experiment

are shown.

EnVision FLEX hematoxylin (Dako, United Kingdom). As nega-
tive controls for each staining, the same procedure as mentioned
previously was followed except that isotype control MAb was
used.

On the basis of the clinical evolution as a fatal infectious mono-
nucleosis, mutational analysis of the XLP-1 (SH2DIA) gene and of
familial hemophagocytic lymphohistiocytosis (FHLH)-related
genes (PRF1, STX11, and UNCI3D) was performed. No defects
were detected in any of the FHLH-causative genes. However, at
exon 2 of the SH2DIA gene, the nonsense mutation p.R55X was
detected, a genetic variant previously reported as a disease-causing
mutation (28).

Exvivo analysis of the T cell compartment of the SAP"® patient
showed that, in addition to the number of the patient’s circulating
lymphocytes being increased, 85% of his T cells expressed CD69,
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denoting a T cell activation status that was not detected in EBV-
infected SAP-positive (SAPP®®) patients (Fig. 2, left column). To
further analyze this massive activation of T cells, the production
profiles of the Th1 (IFN-y, TNF-«), Th2 (IL-4, IL-5, IL-10), and
Th17 (IL-17,IL-21, IL-22) cytokine families were studied. Results
showed that 26% of CD4™ cells and 47.8% of CD8" T lympho-
cytes from the XLP-1 patient produced IFN-vy. Notably, T cells
from the XLP-1 patient did not produce TNF-a, whereas CD4 ™
and CD8™ cells from IMN patients produced TNF-a and, to a
lesser extent, IFN-y (15% of CD8™ cells) (Fig. 2, two middle col-
umns). Th2-related cytokine-producing cells were undetectable,
except that IL-10 that was found in 7% of the total T cell popula-
tion of the SAP"“® patient (data not shown). Regarding the Th17
family, expression of IL-21 was detected in most of the peripheral
blood T lymphocytes from the XLP-1 patient. IL-21 was expressed
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FIG 3 Analysis of cytokine expression by T cell subtypes from the XLP-1 patient. IFN-y was coexpressed by 26% of CD4* T cells and 17% of CD8* lymphocytes
producing IL-21. (A) Peripheral blood T cells from the XLP-1 patient did not produce IL-17A. (B) Expression of IL-21 was not detected in single positive
thymocytes or in lymph node T cells obtained from the XLP-1 patient in postmortem studies. (C) IL-21 and IFN-y production levels by T cells from the XLP-1
patient, IMN patients (# = 7), and healthy individuals (n = 7) were measured in culture supernatants following stimulation with anti-CD3/CD28-coupled beads
for 24 h. Results from the XLP-1 patient are expressed as the means of results from triplicate cultures; in the case of IMN patients and healthy individuals, results
represent the means = standard deviations (SD) obtained from 7 independent experiments. Neutralizing anti-IL-21 MADb inhibited T cell proliferation in all

individuals tested. (D) Results obtained from the XLP-1 patient are shown.

in only 2% of T cells from IMN patients (Fig. 2, right column).
IL-17-producing T cells were absent in both the IMN patients and
the SAP-deficient patient. IL-21 was found to be expressed in
CD4™" and, remarkably, in CD8" T cells. IL-21 and IFN-y were
coproduced by 26% of the CD4" and 17% of the CD8" T lym-
phocytes (Fig. 3A).

IL-21-producing cells were absent from the lymph nodes and
thymus, as revealed by single-cell suspension flow cytometry post-
mortem analysis (Fig. 3B). The thymus did not contain IL-21-
expressing cells, despite a prominent population of thymocytes
producing IL-17A (data not shown). The levels of IL-21 and
IFN-y were measured to assess whether cytoplasmic cytokines
found in T cells were secreted following adequate stimulation.
Results confirmed that cytokines produced by T cells from both
the XLP-1 patient and IMN patients were released into the culture
supernatant in vitro (Fig. 3C). The concentrations of IFN-v,
TNF-a, and IL-21 were also determined in the patient’s serum.
Serum from the XLP-1 patient contained elevated levels of IL-21
compared with levels in IMN patients and healthy controls (Table
1). To elucidate whether IL-21 plays a role in the lymphoprolif-
eration of this syndrome, we studied the ability of neutralizing
anti-IL-21 MAD to inhibit T cell proliferation. Peripheral blood
mononuclear cells (10°/ml) from the SAP™® patient, IMN pa-
tients, and healthy donors were stimulated with anti-CD3/CD28-
coupled beads in the presence or absence of the relevant MAD.
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Results showed that neutralization of IL-21 nearly abrogated the
proliferation of T cells in all the subjects studied, including T cells
from the XLP-1 patient (Fig. 3D), supporting a relevant autocrine
role for the cytokine in the lymphoproliferative activity of this
disease.

Immunochemistry studies demonstrated lymphocytic infiltra-
tion in the brain and liver, the attack-targeted organs in our pa-
tient. Infiltrating immune cell populations consisted of CD4 " and
CD8™ T cells producing IL-21. These cells were found to occupy
large areas of tissue destruction in both organs, strongly suggest-
ing their participation in the mechanisms of organ damage of
IL-21-producing cells in XLP-1 disease (Fig. 4). Finally, we studied
the ability of a prolonged EBV cell line stimulation to generate
IL-21-producing T cells and the compositions of the responding T
cell populations in the IMN patient and controls. We found that in

TABLE 1 Serum cytokines in EBV-infected patients and healthy
controls

Amt (pg/ml) of:

Patient(s) (no.) IFN-y TNF-a 1L-21

XLP-1 163.2 = 21.4 17.3 £ 6.5 3344 +24.1
IMN (7) 69.1 £ 14.3 11.5*£9.6 45.8 £ 12.6
Control (7) 36.3 £ 8.8 8.6 +3.3 34.7 £ 14.2
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FIG 4 Tissue sections from the brain (upper panels) and liver (lower panels) were used in immunochemistry studies to assess the presence of IL-21-producing
T cells. CD4" and CD8™" T lymphocytes were found to infiltrate brain and liver tissues. IL-21-producing T cell subtypes are shown (arrows point to stained cells
for each marker). A representative immunohistochemistry (IHC) image (magnification, X40) is shown. HE, hematoxylin and eosin.

both groups, mainly CD4 ™" cells produced IL-21. Interestingly, the
percentage of IL-21-producing CD8™ cells increased at the end of
the culture period, reaching values of 17% = 1.8% (controls) and
21% = 2.2% (IMN) after 15 days in culture with EBV-infected
cells (Fig. 5).

Discussion. The clinical onset of XLP-1 is triggered by EBV
infection. CD8™ T cells from patients with SH2DIA gene muta-
tions show a defective lytic activity against EBV-infected cells that
may have fatal consequences for the patient (29).

The main features of T lymphocytes from the XLP-1 patient in
this study were an activated phenotype, a reduced proportion of
cells producing IFN-y, and the absence of TNF-a-positive cells,
clearly pointing to T cell exhaustion (30, 31). Additionally, no IL-4
or other Th2 cytokines except for residual levels of IL-10 seemed
to be present in the peripheral T lymphocytes of a patient with
fatally evolved XLP-1. In the context of a productive anti-EBV
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FIG 5 Peripheral blood lymphocytes from SAPP* IMN patients and healthy
controls were stimulated in vitro with an EBV-transformed cell line. Numbers
of T cells expressing IL-21 were determined at day 0 of culture and every 5 days
afterwards. CD4" T cells from IMN patients (solid black line) and controls
(dashed black line) produced IL-21 in response to the EBV cell line. The per-
centages of IL-21" cells within the CD8™ populations from patients (solid red
line) and controls (dashed red line) were found to be increasing at day 15 of
culture.
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humoral response (anti-EBV IgG being produced), the absence of
IL-4 might reflect that this cytokine is no longer required for
maintaining the ongoing antibody response (32). Instead, a strong
polarization to IL-21 production was evidenced. Indeed, the large
areas of tissue injury observed in the patient’s brain and liver were
strongly infiltrated by IL-21-producing lymphocytes, supporting
their participation in tissue destruction. Given the cytotoxicity
defect of the NK cells and specific cytolytic T lymphocytes, our
observations raise the question of the mechanism leading to mas-
sive cell death and organ failure in SAP-deficient patients. A pos-
sible explanation suggesting that the defect of CD8™ T cell cyto-
toxicity from SAP™*® individuals is restricted to antigens presented
by B cells but not by other cell types has recently been offered (33).
However, this hypothesis neither explains the role of HLA-I re-
striction of the EBV viral response nor provides the reason for the
inability of NK cells to kill virus-infected cells (34). Our findings of
IL-21-producing T lymphocytes within the affected organs sug-
gest instead that once the EBV has gained access to organs con-
taining non-B professional antigen-presenting cells (i.e., Kupffer
cells, microglia), the EBV-specific T cells are attracted to them and
organ tissue destruction is triggered.

The fact that CD8™ T cells from the XLP-1 patient also ex-
pressed and secreted IL-21 is in sharp contrast with the composi-
tion of the IL-21-producing population from SAPP** IMN pa-
tients and controls, which consisted mainly of CD4" T cells.
Interestingly, when EBV-infected cells were used in vitro as a per-
sistent stimulus for T cells, a higher percentage of CD8™ cells
expressed IL-21, pointing to sustained viral exposure as being re-
sponsible for the massive IL-21 production by SAP"*¢ T lympho-
cytes. Notably, the population producing IL-21 consisted of either
CD4" or CD8™ cells, raising some points related to the fine-tun-
ing of T cells involved in antiviral responses, among them, the
mechanisms responsible for the regulation of IL-21 production in
CD4" and CD8™ cells and their requirements for antigen presen-
tation and costimulation.

Previous studies have shown the importance of IL-21 in the
generation, maintenance, and survival of virus-specific CD8* T
cells. It is known that IL-21 augments the proliferation of resting
CD8™ T cells in vitro and promotes antigen-specific CD8" T cell
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expansion and the response of CD8™ T cells to some viral antigens
in vivo (35, 36). Therefore, direct IL-21 signaling on CD8™ T cells
seems critical for the proliferation of antivirus-specific CD8" T
cells in vivo. On this basis, we investigated the role of autocrine
IL-21 in the XLP-1 patient’s T cell-proliferative activity. Our re-
sults showed a significant inhibition of T cell proliferation when
the cells were cultured in the presence of anti-IL-21-neutralizing
MAD. Importantly, the observation that the IL-21 serum levels
were elevated in the XLP-1 patient is of interest, as it may, in a
clinical setting, help to provide a simple and rapid diagnosis of a
condition that must be considered a medical emergency, espe-
cially when a fatal evolution occurs, as in the case of the patient
reported here. Consequently, studies on the suitability of anti-
IL-21 strategies that might open new paths to finding tools for an
earlier diagnosis, as well as be a more adequate therapeutic re-
source for XLP-1 patients, are on course. Nevertheless, we are
aware of the limitations derived from the fact that data were ob-
tained from a single XLP-1 patient and, therefore, should be cau-
tiously interpreted. In this context, it is of importance that the
patient did not receive any therapeutic agent known to increase
IL-21 production by T cells. However, whether the patient in this
study was idiosyncratic and did not represent a typical patient
with XLP-1 should also be kept in mind. Indeed, organ failure
secondary to a persistent, noncleared EBV infection may contrib-
ute to IL-21 serum elevation and IL-21-producing T cell bias in
peripheral blood. However, the uniqueness of the clinical setting
from which the data were obtained reinforces the interest of these
results, which may help in expanding our understanding of the
immunopathogenic mechanisms underlying XLP-1.
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