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Medical and Dental University (TMDU), Tokyo, Japan, 4Department of Hematological Therapeutics,
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Systemic chronic active Epstein-Barr virus infection (sCAEBV) is an intractable

disease that present activated EBV-infected T- or NK-cells and their clonal

proliferation. When inflammatory symptoms persist and proceed, a lethal

complication of hemophagocytic lymphohistiocytosis (HLH) develops, but its

biomarker to represent the pathophysiology and an effective agent to cure

have not been developed as of today. It is known that interferon-g (IFN-g) level
in the peripheral blood increases in HLH correlatedly with the disease condition

and that antagonistic anti-IFN-g antibody is effective against HLH. We

examined the plasma level of IFN-g to investigate its role in the disease

condition of sCAEBV. sCAEBV was diagnosed based on the criteria

conforming to the definition of sCAEBV in the WHO classification issued in

2017. As it was previously reported, disease activity was defined as the

condition positive for any one of the followings: fever, liver dysfunction,

progressive skin lesions, vasculitis, and uveitis. Eighteen sCAEBV patients

were examined. Their plasma IFN-g levels were significantly higher than

those of healthy donors. The levels in sCAEBV patients with disease activity

were higher than those without disease activity. The mRNA expression of IFNG

was detected in EBV-infected cells of all patients. We also detected a

correlation between plasma IFN-g levels and mRNA levels of EBV-infected

cells in peripheral blood mononuclear cells. These results suggest that EBV-

infected cells produce IFN-g in sCAEBV. Although the difference was not

significant, the patients whose plasma IFN-g levels at diagnosis were higher

than 40 pg/mL tended to result in poorer survival than those with lower levels.
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We concluded that plasma IFN-g is a potential biomarker that indicates disease

activity of sCAEBV. Further study shall confirm its significance.
KEYWORDS

systemic chronic active Epstein-Barr virus infection (sCAEBV), Epstein- Barr virus, T
cell, NK cell, interferon-g, hemophagocytic lymphohistiocytosis (HLH), disease activity
Introduction

Systemic chronic active Epstein-Barr virus infection

(sCAEBV) is an intractable, progressive disease (1, 2). The

disorder is classified as a T-cell and NK-cell neoplasm in the

revised edition of the WHO Classification of Tumours of

Haematopoietic and Lymphoid Tissues published in 2017 (3).

sCAEBV is not only a lymphoid neoplasm but is also an

inflammatory disease. In sCAEBV, the activation of EBV-

infected T- or NK-cells causes continuous or recurrent

systemic inflammation and progresses to a lethal complication

called hemophagocytic lymphohistiocytosis (HLH). The only

curative treatment strategy that can eradicate EBV-infected T- or

NK-cells today is allogeneic hematopoietic stem cell

transplantation (allo-HSCT) (4), but sCAEBV patients with

disease activity result in poorer outcomes after allo-HSCT

compared to those without. Disease activity is defined as the

status with any one of the following conditions: fever, elevated

alanine transaminase (ALT), vasculitis, and uveitis (5, 6).

Unfortunately, medical treatment that successfully controls

disease activity has not been established. It is an urgent issue

to clarify the mechanism of disease activity development and to

establish an effective treatment strategy for sCAEBV.

There are reports of inflammatory cytokines being

responsible for the inflammation occurrence in sCAEBV (7).

Among those cytokines, interferon-g (IFN-g) is important in the

pathogenesis of HLH (8). It is now clear that this cytokine is

produced and secreted in EBV-positive NK-cells and induces the

differentiation and the activation of macrophages, which are

responsible for HLH development in EBV-positive NK-cell

neoplasms (9). In this study, we investigated the role of IFN-g
in the development of sCAEBV.
Materials and methods

Diagnosis of sCAEBV

We diagnosed patients based on the diagnostic criteria of

sCAEBV (4, 6), which was developed by the Research Group of

Measures Against Intractable Diseases of the Ministry of Health,
02
Labor, andWelfare of Japan. The criteria are compatible with the

definition of sCAEBV in the WHO 2017 classification.
1. Elevated EBV-DNA load in peripheral blood (PB)

(>102.5 copies/mg DNA).

2. EBV infection of T- or NK-cells in the affected tissue or

PB.

3. Systemic inflammatory symptoms persisting for >3

months.

4. Exclusion of other possible diseases: primary infection of

EBV (infectious mononucleosis), autoimmune disease,

congenital immunodeficiency, human immunodeficiency

virus infection, other immunodeficiencies requiring

immunosuppressive therapy, or underlying diseases with

potential immunosuppression.
Definition of disease activity

Patients with any one of the defined findings of persistent

inflammation were determined as to possess disease activity (4,

5). The defined findings of inflammation included: fever, liver

dysfunction, progressive skin lesions, vasculitis, or uveitis.

The definition of liver dysfunction was an increase in ALT

levels to two times higher than the upper limit of normal.

Progressive skin lesions and vasculitis were diagnosed by

pathological examination. Uveitis was diagnosed by the

patients’ attending physicians and ophthalmologists. The

disease status of patients without any of these clinical findings

was determined as inactive.
Isolation and identification of
sCAEBV cells

EBV-infected cells were isolated from peripheral blood

mononuclear cells (PBMC) using Lymphoprep™ (Abbott

Diagnostics Technologies, Ravenswood, CA, USA) and sorted

into CD19-, CD4-, CD8-, or CD56-positive fractions using

antibody-conjugated magnetic beads (Miltenyi Biotec, Bergisch
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Gladbach, Germany). After the sorting, the levels of EBV DNA in

each fraction were measured by real-time PCR using TaqMan®

system (Applied Biosystems, Waltham, MA,USA) (10).
Detection of the clonality

The clonal proliferation of EBV-infected cells was detected

by Southern blotting for EBV-terminal repeat (11).
Cytokine analysis

The plasma concentration of IFN-g was measured by high

sensitivity cytokine beads assay according to the manufacturer’s

instructions (MILLIPLEX®MAP Kit, EMD Millipore

Corporation, Burlington, MA, USA).
Cell lines

SNT8 was derived from T cell type of nasal T/NK cell

lymphoma. SNK6 was derived from NK cell type of nasal T/NK

cell lymphoma (12). They were cultured in Artemis Medium-2

(Nihon Techno Service, Ibaraki, Japan). Jurkat was obtained from

Health Science Research Resources Bank (Osaka, Japan) and

cultured in 10% FCS-RPMI.
Quantitative reverse transcription-
quantitative polymerase chain reaction
(RT-qPCR)

RNA was extracted from the target cells with ISOGEN II

(Nippon Gene, Tokyo, Japan) in accordance with the

manufacturer’s protocol, and cDNA was generated using

PrimeScript™ RT Master Mix (Takara Bio Inc., Kusatsu, Japan).

qRT-PCR analysis was performed on a LightCycler® 480 (Roche

Diagnostics, Basel, Switzerland) using TaqMan® Gene Expression

Assays (Applied Biosystems). The probes for IFNG and GAPDH

were Hs00989291_m1 and Hs00266705_g1, respectively (Thermo

Fisher Scientific Inc., Waltham, MA, USA).
Statistical analyses

Statistical analysis was processed by Mann-Whitney test,

Pearson’s correlation coefficient and Kaplan-Meier method

using EZR version 1.53 (Jichi Medical University Saitama

Medical Center, Saitama, Japan) (13), which is a graphical user

interface for the software R version 4.02 (The R Foundation for

Statical Computing, Vienna, Austria).
Frontiers in Virology 03
Results

Patients’ characteristics

We examined 18 sCAEBV patients (age of 18-63 years,

median 33 years; ten males, eight females; CD4 type n = 7,

CD8 type n = 1, and CD56 type n = 10). The characteristics of

the patients are summarized in Table 1. The clonal proliferation

of infected cells was detected in the PBMCs of all patients.

Fourteen patients had disease activity. Three patients

accompanied HLH and 2 of them were untreated.
The plasma IFN-g levels in sCAEBV
patients

First, we compared the levels of plasma IFN-g in 18 sCAEBV

patients to those of 8 healthy donors. As shown in Figure 1A, the

levels in sCAEBV patients were higher than those in healthy

donors. We examined the levels by phenotypes of EBV-infected

cells in the patients. There was no difference in the plasma IFN-g
between different phenotypes (Figure 1B).We then investigated the

correlation between the plasma IFN-g levels and the disease activity
of sCAEBV. As shown in Figure 1C, the levels in sCAEBV patients

withdisease activitywere higher than thosewithoutdisease activity.

There was no difference in the levels between the patients without

disease activity and the healthy donors. These findings indicated

that plasma IFN-g level was associated with the disease activity of

sCAEBV. We also examined the correlation between the plasma

concentration of IFN-g and Interleukin-6 (IL-6), Tumor necrosis

factor-a (TNF-a), and Interleukin-1b (IL-1b), which elevated in

sCAEBV patients (14, 15). As shown in Figures 1D–F, no

correlation was observed.
IFN-g-producing cells in sCAEBV

Next, we tried to identify the phenotype of IFN-g-producing
cells in 3 patients. We separated lymphocytes from patients’ PB

into fractions. As shown in Figure 2A, the expression of IFNG

mRNA was detected in the fractions of EBV-infected cell of all

patients. The expression in patients was higher in comparison to

that of healthy donors. Interestingly, the mRNA was also

elevated in non-infected cells in the patients. Then, we

investigated the relation between IFNG mRNA expression in

the EBV-infected cells and the plasma concentration of IFN-g.
There was a statistical correlation between the plasma IFN-g
levels and the mRNA levels of EBV-infected cells (Figure 2B). A

patient whose plasma IFN-g was extremely high harbored HLH

with markedly high expression of IFNG mRNA in EBV-infected

cells. EBV-DNA load in the peripheral blood reflects the number

of EBV-infected cells (16). We examined the correlation between
frontiersin.org
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EBV-DNA load and the concentration of IFN-g in the plasma in

11 cases of which the values of EBV-DNA load were measures

when IFN-g was measured at diagnosis (Table 1). As shown in

Figure 2C, there was no correlation between the two values. We

reached to a conclusion that IFN-g was produced in EBV-

infected cells in sCAEBV patients.
Do plasma IFN-g levels affect the survival
of sCAEBV?

Previous reports state that disease activities at allo-HSCT are

associated with poor outcomes of sCAEBV (5). We investigated

the correlation between plasma IFN-g levels and the survival of

the patients because plasma IFN-g levels correlated with disease

activities. We examined 11 patients whose plasma IFN-g levels
were measured at diagnosis. Patients with plasma IFN-g levels

higher than 40 pg/mL at diagnosis tended to have poorer

survival than those with low IFN-g levels although the

difference was not significant (Figure 3).
The plasma IFN-g levels during the
clinical course

Finally, we examined if plasma IFN-g level decreased to

coincide with the resolution of disease activity of sCAEBV. Case
Frontiers in Virology 04
18 received an allo-HSCT, but did not achieve complete

response. In EBV-infected T- or NK-cells of sCAEBV, STAT3,

a substrate of JAK1/2, is constitutively activated and mediates

the expression of mRNA of IFN-g (7). Based on a report stating

the efficacy of ruxolitinib on inflammatory symptoms of

sCAEBV (17), we treated Case 18 with ruxolitinib. We started

its administration 5 mg/day and increased to 10 mg/day. Fever

resolved on the next day of the ruxolitinib initiation. The clinical

findings on day 7 are shown in Table 2. The patient became

afebrile and his liver function improved. Interestingly, the

concentration of IFN-g in the plasma decreased after

this treatment.
Discussion

In this study, we focused on IFN-g in the plasma of sCAEBV

patients, and we investigated the correlation of the IFN-g
concentration and the clinical features of patients. The

concentration was higher in the plasma of sCAEBV patients

compared to that of healthy donors, and we could assume that

high concentration level is associated with the formation of

pathophysiology of sCAEBV.

We had reported that IFN-g is produced in EBV-infected T-

and NK-cells of sCAEBV patients (7). We had also reported that

constitutively activated STAT3 in EBV-infected cells contributed

to the production of IFN-g (7). In this study, we detected an
TABLE 1 The characteristics of the patients.

Case Gender Age Infected cell Clonality of the
infected cells

Clinical findings Disease
activity

Levels of plasma IFN-g
(pg/mL)

1 M 22 CD4 Monoclonal Fever, Liver dysfunction Active 45.56*

2 M 36 CD4 Monoclonal Fever, Multiple brain infarction Active 65.24*

3 M 39 CD4 Monoclonal Fever Inactive 67.86

4 M 33 CD4 Monoclonal Fever Active 9.18*

5 M 49 CD4 Monoclonal Fever Active 44.03*

6 F 22 CD4 Monoclonal Fever Active 60.49

7 F 30 CD4 Monoclonal Skin eruption Inactive 6.97

8 F 25 CD8 Monoclonal Fever, Liver dysfunction Active 11.23

9 F 21 CD56 Monoclonal HLH Active 2042.00*

10 F 34 CD56 Monoclonal Fever Active 101.08

11 M 63 CD56 Monoclonal Fever Active 31.84*

12 M 47 CD56 Monoclonal Liver dysfunction Active 73.06*

13 F 40 CD56 Monoclonal Liver dysfunction, Pulmonary
hypertension

Active 231.90

14 M 31 CD56 Monoclonal HLH under treatment of HLH2004 Active 48.71

15 F 35 CD56 Monoclonal Fever Active 31.05*

16 M 42 CD56 Monoclonal Fever, Liver dysfunction Inactive < 1.79*

17 F 18 CD56 Monoclonal Severe mosquito bite allergy, Fever Inactive < 1.79*

18 M 28 CD56 Monoclonal HLH Active 347.59*
*The concentration at the diagnosis
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elevated expression of IFNG mRNA in EBV-infected cell

fraction and a correlation between the plasma IFN-g levels and
the mRNA levels of EBV-infected cells. These results suggest that

EBV-infected cells produce IFN-g in sCAEBV. We also detected

IFNGmRNA expression in the fractions of the non-infected cells
Frontiers in Virology 05
of the patients PBMCs. Not only T or NK cells but also B cells,

monocytes, and macrophages can produce IFN-g (18). Thus,

these EBV-negative cells may be activated and may play some

roles in the production of IFN-g in sCAEBV. Various types of

immune cells not only exist in PB but also infiltrate the lesions of
frontiersin.org
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FIGURE 1

The plasma concentration of IFN-g in sCAEBV patients. (A). The concentration in sCAEBV patients and healthy donors. Significant difference is
indicated as * for p < 0.001 between the patients and the healthy donors. HD: healthy donors. (B). The concentrations by EBV-infected cell
types. Significant differences are indicated as * for p < 0.001 and ** for p < 0.01. N.D: no difference. HD: healthy donors. (C). The concentrations
by disease activity. Significant differences are indicated as * for p < 0.001 and *** for p < 0.05. N.D: no difference. HD: healthy donors. (D–F).
The correlation between the plasma concentration of IFN-g and the plasma concentration of IL-6 (D), TNF-a (E), and IL-1b (F). R:
correlation coefficient.
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FIGURE 2

The mRNA expression of IFNG in sCAEBV patients (A). IFNG expression of sCAEBV patients by lymphocyte fraction. EBV-infected cell fractions
are indicated as *. SNT8 cells and SNK6 cells are positive controls. Jurkat cells are negative control. HD: healthy donors. (B). The correlation
between mRNA expression and the plasma levels of IFN-g in sCAEBV patients. R: correlation coefficient. (C). The correlation between EBV-DNA
load in the peripheral blood mononuclear cells (PBMCs) and the plasma levels of IFN-g in sCAEBV patients.
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sCAEBV including EBV-negative cells. We need to examine the

infiltrating cells of pathophysiological tissues as well as

examining PB.

IFN-g is a cause of inflammatory symptoms and macrophage

activation leading to HLH, a lethal complication. In the present

study, we found that the concentration of IFN-g is significantly
higher in sCAEBV patients with disease activity compared to

sCAEBV patients without disease activity. Two patients with the

highest plasma IFN-g levels had untreated HLH. In Case 18, as

the activity of sCAEBV improved after starting ruxolitinib
Frontiers in Virology 07
administration, the concentration of IFN-g in the plasma

decreased. These findings led us to assume that IFN-g is a

potent biomarker of disease activity and a cause of HLH.

There was no significant correlation with IFN-g concentration

and the survival time probably because this study’s sample size

was too small. Further study is necessary to prove the effects of

IFN-g on the outcome of sCAEBV.

Since IFN-g is a cause of inflammation and HLH

development in sCAEBV, it is indispensable to suppress IFN-g
to manage sCAEBV. Ruxolitinib, a JAK1/JAK2 inhibitor, is

reported to reduce the expression of IFNG mRNA in EBV-

infected T- and NK-cells of sCAEBV patients. Ruxolitinib had

effects on the inflammatory symptoms of Case 18. We highly

expect the drug to be a potent therapeutic remedy (7).

Emapalumab, an IFN-g-blocking antibody, has shown its

usefulness in a clinical trial of pediatric primary HLH (19).

This result suggests its potential efficacy in controlling the

disease condition of sCAEBV.

Our study has a limitation for not targeting enough number

of patients because sCAEBV is a rare disease. To explore the

validity of IFN-g as a biomarker and its correlation with

prognosis, we must accumulate more cases and more

biological samples. There is a movement to establish a registry

system of sCAEBV in Japan. We hope this system will be

effectively used to for further investigation targeting a larger

number of registered cases of sCAEBV.
TABLE 2 The effects of ruxolitinib on Case 18.

Before the initiation of
ruxolitinib

Seven days after the
initiation of ruxolitinib

IFN-g
(pg/mL)

90.85 31.84

Fever (+) (-)

AST (U/
L)

243 158

ALT (U/
L)

156 195

CRP
(mg/dL)

5.36 0.52
FIGURE 3

The probability of survival of sCAEBV patients by plasma concentration of IFN-g.
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