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Abstract

Background
The Epstein-Barr Virus (EBV) is tumorigenic, and can be detected in many kinds of lymphomas. Some
studies have shown a worse prognosis for patients with EBV-associated lymphoma. However, the
mechanism is not fully understood. This study aimed to investigate the T cell signatures in patients with
EBV-associated lymphoma.

Methods
Peripheral blood was collected from 17 patients with EBV-associated lymphoma and 19 healthy donors.
We �rst examined the proportions of the lymphocyte subpopulations in peripheral blood mononuclear
cells in patients with both groups by �ow cytometry. Then we employed the enzyme-linked immunospot
assay to evaluate the EBV antigen-speci�c response of the cytotoxic T cells in the two groups. Finally, to
explore the mechanism of T cells dysfunction in EBV-associated lymphoma, we examined the expression
of multiple inhibitory receptors representing T cell exhaustion and biomarkers representing T cell
senescence on the surfaces of CD4+ T cells and CD8+ T cells.

Results
The ratio of peripheral CD4+ T cells and the absolute cell counts of CD4+ T cells and CD8+ T cells were
signi�cantly decreased in patients with EBV-associated lymphoma compared with those of healthy
donors. The IFN-γ production upon stimulation of EBV mixed peptides were remarkably reduced in the
patients. Higher expression levels of T cell exhaustion markers, PD1, LAG3, TIM3 and CTLA4 on T cells
were found in the patients. The two subsects of exhausted T cells (T-bethiPD1mid and EOMEShiPD1hi)
were higher in the patients. More importantly, CXCR5+CD8+T cells controlling viral replication decreased
signi�cantly in the patients. The fractions of senescent T cells increased in the patients.

Conclusions
In summary, our study demonstrated that the reduced EBV-speci�c T cells, the exhaustion and
senescence of T cells together contributed to the T cell dysfunction in the patients with EBV-associated
lymphoma.

Introduction
The tumorigenic Epstein-Barr Virus (EBV) has been linked to certain types of lymphoma such as
Extranodal NK/T-cell lymphoma, Burkitt lymphoma, Angioimmunoblast T-cell lymphoma, Hodgkin's
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lymphoma and Post-transplant lymphoproliferative disease[1, 2]. These EBV positive lymphomas, also
known as EBV-associated lymphomas, were found to have poorer prognosis [3–5]. The North American
study group found that the plasma EBV-DNA levels before treatment and at 6 months post treatment
were closely related to the prognosis of Hodgkin's lymphoma[3]. The French GELA study group found that
EBV positive was an independent poor prognostic factor for peripheral T-cell lymphoma by univariate and
multivariate analysis[4]. Previous work by our team on 263 patients with non-Hodgkin's lymphoma
demonstrated a shorter median survival time and lower overall survival rate in patients with EBV-positive
than those with EBV-negative[5]. Multivariate analysis also con�rmed the peripheral blood EBV positive
as an independent poor prognostic factor for lymphoma.

Controlling EBV infection requires the host immune system response, and a large number of genetic
mutations affecting the function of various components of the immune system have been found to result
in inadequate control of EBV infection[6, 7]. EBV speci�c T cells are particularly important for preventing
and treating EBV-induced lymphoproliferative disease. Previous bone marrow transplant research found
that donor-derived EBV-speci�c T lymphocytes can treat EBV-induced lymphoproliferative disorders in
recipients[8]. Some malignant neoplasms associated with EBV, including gastric cancer, Hodgkin's
lymphoma, and nasopharyngeal carcinoma, are typically in�ltrated by a large number of in�ammatory
cells without tumor killing[9–13]. The phenotype and function of these host immune cells and whether
these host immune cells surrounding the EBV-positive tumor cells can kill tumor cells under certain
conditions are still unclear. Understanding the phenotype and function of host immune cell surrounding
these tumor cells, we may be able to �nd treatments that alter the function of these host immune cells to
improve the ability to kill tumor cells.

Dysfunctional T cells observed in cancer can be classi�ed as anergic, exhausted or senescent based on
phenotypic characteristics[14]. Anergy is a long-term stable state of T lymphocyte with low IL-2
production or incomplete activation, to which naive T cells fall upon low co-stimulatory and/or high co-
inhibitory stimulation[15]. T cell exhaustion were found in human carcinomas of lung, ovary, colon and
melanomas[16–20]. Exhausted T cells are characterized as effector T cells with decreased cytokine
secretion and effector function, and being resistant to reactivation[21]. T cell exhaustion is manifested by
a signi�cant high expression of various inhibitory receptors including PD1, CTLA4, Tim3 and LAG3 on the
cell surface, as well as the abnormal expression of certain transcription factors such as Emoes and T-bet
in the case of chronic antigen over-stimulation[22–24]. It is well acknowledged that T cell exhaustion
plays an important role in the pathogenesis of various solid tumors, including melanoma, non-small-cell
lung cancer, renal cancer, urothelial cancer, and head and neck squamous cell cancer[21]. More and more
studies demonstrated the phenomenon of T cell exhaustion in hematological tumors, including certain
special types of lymphoma, acute myelogenous leukemia, acute lymphocytic leukemia, chronic
lymphocytic leukemia, adult T-cell leukemia/lymphoma and multiple myeloma[25–27]. Checkpoint
inhibitors can partially reverse the T cell exhaustion, and have been applied to treat the malignant tumor
diseases with the treatment e�ciency �uctuating between 15–34%[24]. The senescent T cells which are
late-stage memory T cells usually lack the expression of CD28, accompanied by the high expression of
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CD57 and KLRG-1[14]. This deterioration of immune function of T cells contributes to the increased
incidence among the elderly of morbidity and mortality from cancer[28].

T cell dysfunction can reduce the body's immune surveillance, leading to tumor cell escape, and
malignant tumor progression[24]. The mechanisms of the pathogenesis of EBV-associated lymphoma is
not fully elucidated. The role of the T cell dysfunction in the pathogenesis of EBV-associated lymphoma
has not been studied.

Materials And Methods

Patients and healthy donors
The study was approved by the Ethics Committee of Peking University First Hospital (Beijing, China;
approval no. 2016[1033]). Informed consent was obtained from all individual participants included in the
study. Peripheral blood samples were collected from 17 EBV-associated lymphoma patients and 19
healthy volunteers attending our clinic. These patients have many pathological types. The clinical
characteristics of the patients and healthy volunteers are shown in Table 1.

ELISPOT
Peripheral blood mononuclear cells (PBMC) were obtained by Ficoll (HAO YANG BIOLOGICAL
MANUFACTURE CO., Tianjin, China). EBV mix peptide (10 µg/ml, thinkpeptides) or DMSO controls diluted
in complete RPMI-1640 were added to appropriate wells at 50 µl/well, and then PBMC (2 × 106/mL)at
50 µ/well were added and incubated at 37 °C, in a 5% CO2 humidi�ed incubator for 24 hours. ELISPOT
analysis was performed by Human IFN-γ precoated ELISPOT kit (DAKEWE, Shenzhen, China).

Flow cytometric analysis and Phenotypic analysis of T cell
Flow cytometry was performed using the following anti-mouse antibodies: PD1-FITC, PD1-PE/cy7, LAG3-
PE, CD4-PerCP/Cy5.5, KLRG1-APC, CD8-PE/cy7, CD8-APC/cy7, CD28-APC, T-bet-APC, CXCR5-APC
(Biolegend, Cal., US); CD3-FITC,CD3-PerCP/Cy5.5 CD57-FITC, CD8-PE, CTLA4-PE, Tim3-APC, CD56-FITC,
CD56-APC/cy7, CD19-APC/cy7, CD45-BV421 (BD Biosciences, NJ, US); Eomes-FITC (eBioscience, Cal.,
US). Flow cytometry analysis was performed on FACS Canto II (BD Biosciences, NJ, US) and analyzed
with FlowJo software.

Statistical Analysis
The data are expressed as the mean ± SEM and tested for statistical signi�cance with Student’s t-test
using GraphPad Prism 5 software. *p < 0.05, **p < 0.01, and ***p < 0.001.

Results
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The absolute counts of lymphocyte subpopulation
decreased in EBV-associated lymphoma patients
We �rst examined the proportions of the lymphocyte subpopulations in peripheral blood mononuclear
cells in patients with EBV-associated lymphoma and healthy donors by �ow cytometry. The proportions
of CD4+ T cells and B cells in CD45+ cells were signi�cantly decreased in the patients than in healthy
donors (Fig. 1A). There were no obvious differences of the proportions of peripheral CD3+ T cells, CD8+ T
cells and NK cells in patients with EBV-associated lymphoma and healthy donors (Fig. 1A). We then
compared the absolute cell counts of the lymphocyte subpopulations from peripheral blood. We found
the absolute counts of all lymphocyte subpopulations, including CD3+ T cells, CD4+ T cells, CD8+ T cells,
NK cells and B cells, were signi�cantly decreased in peripheral blood of patients with EBV-associated
lymphoma than those of healthy donors (Fig. 1B).

EBV antigen-speci�c cytotoxic T cells decreased in EBV-
associated lymphoma
Given the signi�cantly decreased absolute T cell counts in peripheral blood of patients with EBV-
associated lymphoma, we wonder whether the function of the T cell are also impaired. We employed the
enzyme-linked immunospot assay to evaluate the EBV antigen-speci�c response of the cytotoxic T cells
in the two groups. We examined the IFN-γ secretion in cytotoxic T cells upon stimulation of mixed EBV
peptides. We observed a large number of EBV antigen-speci�c T cells (the diffusely distributed spots
under the microscope) in healthy donors(Figure 2A), while a small amount of EBV antigen-speci�c T cells
(the sporadic spots) in patients with EBV-associated lymphoma Figure 2B). We counted the number of
spots and found signi�cantly more EBV antigen-speci�c cytotoxic T cells in the peripheral blood of
healthy donors than that of patients with EBV-associated lymphoma (Fig. 2C).

T cell exhaustion in patients with EBV-associated
lymphoma
To explore the mechanism of T cells dysfunction in EBV-associated lymphoma, we examined the
expression of multiple inhibitory receptors representing T cell exhaustion on the surfaces of CD4+ T cells
and CD8+ T cells. We found the proportions of PD1, CTLA4, TIM3 and LAG3-expressing CD4+ and CD8+ T
cells were higher signi�cantly in the lymphoma patients than in healthy donors (Fig. 3A-D). We further
examined the proportion of the two different types of exhausted T cells: the T-bethiPD1mid cells, which
can be rescued by blockade of PD1 pathway, and the EOMEShiPD1hi cells, which cannot be rescued by
the PD1 pathway blockade. Higher proportions of both types of exhausted CD4+T and CD8+ T cells were
observed in patients with EBV-associated lymphoma than in healthy donors (Fig. 3E-F). More importantly,
a subset of exhausted CD8+ T cells expressing the chemokine receptor CXCR5 plays a key role in the



Page 7/16

control of viral replication[29]. We found the proportion of CXCR5+ CD8+ T cells were decreased
signi�cantly in the patients (Fig. 3G).

T cell senescence in patients with EBV-associated
lymphoma
To evaluate the senescence state of the T cells, we examined the expression of the surface markers
CD28, CD57 and KLRG-1 on CD4+ and CD8+ T cells in patients with EBV-associated lymphoma and
healthy donors. We discovered a signi�cant reduction in the percentage of CD28+ cells in both CD4+ and
CD8+ T cells in patients with EBV-associated lymphoma (Fig. 4A), while a signi�cant increase in CD57+

cells (Fig. 4B). In addition, we found a signi�cant increased proportion for KLRG-1-expressing cells in
CD4+ and CD8+ T cells (Fig. 4C).

Discussion
In this study, we investigated the T cell dysfunction in EBV associated lymphoma by comparing to
healthy donors. We observed that EBV-speci�c cytotoxic T cells reduced signi�cantly in patients than in
healthy donors and displayed features of exhaustion and senescence.

Exhausted T cells usually express higher level of inhibitory receptors such as PD1, CTLA4, LAG3 and
Tim3[22–24]. PD1 is a member of the B7 receptor family which plays an important role in the immune
response, and transmits regulatory signals to inhibit T cell activation and proliferation, thereby mediating
immune escape of tumor cells[30]. EBV-infected lymphoma cells have been reported to express PD-L1, a
ligand for PD1[31, 32]. High expression of PD1 on the surfaces of CD4+T and CD8+T were found in the
humanized mouse models of EBV-positive DLBCL (diffuse large B-cell lymphoma) and the peripheral
blood of EBV-positive DLBCL patients[33, 34]. In a humanized mouse model, PD-1 blockade greatly
enhanced the ability of T cells to produce the anti-tumor cytokine IFN-γ in response to EBV peptides and
decreased the growth of EBV-induced lymphomas[33]. Our results also showed higher expression of the
inhibitory receptors, especially PD1, CTLA4, Tim3 and LAG3 on peripheral CD4+ and CD8+ T cells in the
patients with EBV-associated lymphoma than healthy donors, suggesting T cells exhaustion.
Furthermore, our study suggested that T cell exhaustion existed widely across different types of
lymphoma, including not only EBV-positive diffuse large B-cell lymphoma, but also EBV-associated
Extranodal NK/T-cell lymphoma, Angioimmunoblast T-cell lymphoma and Hodgkin's lymphoma.

Several studies found a variety of transcription factors including Eomes, T-bet, Blimp-1, BATF,
FoxO1andVHL were expressed in exhausted T cells[22].T-bet could decrease the expression of inhibitory
receptors during chronic viral infection, resulting in more slightly exhausted CD8+ T cells[35]. The
transcription factors T-bet and EOMES together de�ne and maintain exhausted T cell subsets both in
mice and humans. Two distinct types of exhausted T cells exist, including the progenitor and terminal
subsets, which is con�rmed in both mouse and human[35]. The progenitor subset featuring T-
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bethiPD1mid. has strong proliferative capacity and can be transformed into a terminal subset with the
chronic stimulation of antigen[35, 36]. The terminal subset with the phenotype of EOMEShiPD1hi express
higher levels of inhibitory receptors with reducing co-production of antiviral cytokines[36]. The T-
bethiPD1mid exhausted T cells can be rescued by blockade of PD1 pathway while the EOMEShiPD1hi

exhausted T cells cannot. In this study, we found higher proportion of exhausted CD4+ and CD8+ T cells
of both phenotypes in patients with EBV-associated lymphoma than in healthy donors.

Checkpoint inhibitors can partially reverse the T cell exhaustion of malignant tumors and have been
applied in these malignant tumor diseases treatment[24]. PD1 inhibitors have good therapeutic effect in a
variety of lymphomas, especially in Hodgkin's lymphoma with a slightly higher EBV-positive
rate[37].Dramatic responses to pembrolizumab (PD1 blockade) were observed with an overall response
rate of 100% in EBV-positive metastatic gastric cancer[38].These phenomena illustrate that EBV may also
have an aggravating effect on T cell exhaustion. Therefore, immunological checkpoint inhibitor may
achieve certain e�cacy in patients with EBV-associated lymphoma. Our study found that peripheral
blood T cells from patients with EBV-associated lymphoma expressed multiple inhibitory receptors
simultaneously, including PD1, CTLA4, LAG3, TIM3, and had both types of exhausted T cells (T-
bethiPD1mid and EOMEShiPD1hi exhausted T cells). Previous studies have found that the ability to inhibit
tumor growth using PD1 blockade in combination with CTLA4 blockade is stronger than one of the
checkpoint inhibitors alone in NSG mice with EBV-positive DLBCL[33]. CTLA4 blockade could increase the
frequency of IFN-γ and granzyme-B expressing CD8+ T cells independently of T-bet by selectively
inhibiting the accumulation of Eomesodermin mRNA and protein[38]. The EOMEShiPD1hi exhausted T
cells may be rescued by CTLA4 blockade which compensate for the killing effect of PD1 blockade on the
above two subsets of exhausted T cells. Using multiple immune checkpoint inhibitors to treat EBV-
associated lymphoma may more completely reverse T cell exhaustion and achieve better e�cacy.

A study de�ned that a subset of exhausted CXCR5+CD8+ T cells plays an important role in the control of
viral replication during chronic viral infection[29]. In HIV patients, they found the number of CXCR5+CD8+

T cells was inversely correlated with viral load. The CXCR5+ population displayed better treatment than
the CXCR5− population when adoptively transferred to chronically infected mice and showed the
synergistic result on decreasing viral load when combined with anti-PD-L1 treatment[29]. In this study, we
found the CXCR5+CD8+ T cells reduced in EBV-associated lymphoma patients, suggesting the anti-viral
immune response was weakened in EBV-associated lymphoma.

Senescence and exhausted T cells do have some similarity in certain aspects of functionality but they are
not entirely the same[14, 39]. Low expression of CD28 and high expression of CD57 and KLRG-1 are
considered to be the key markers that distinguish T cell senescence from T cell exhaustion[40, 41]. Some
studies have demonstrated that exhausted T cells do not derive from the “senescent” KLRG-1+ effector T
cells but from the memory precursors in the effector phase[40, 41]. In our study, we found that CD28
expression was decreased, KLRG-1and CD57 expression were signi�cantly increased in peripheral blood
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CD4+ T cells and CD8+ T cells in patients with EBV-associated lymphoma. Therefore, T cell senescence
might be another contributor of T cell dysfunction in the patients with EBV-associated lymphoma.

More EBV antigen-speci�c cytotoxic T cells in healthy donors were found in healthy donors than in
patients with EBV-associated lymphoma, suggesting insu�cient EBV speci�c T responses in patients.
Donor lymphocyte infusion can not only increase the recipient's EBV antigen-speci�c T lymphocytes
directly, but also reverse the T cell exhaustion to promote the tumor-killing ability of the immune system[8,
42]. Donor lymphocyte infusion has been used in the treatment of EBV-associated lymphoma and has
achieved good e�cacy[43, 44]. Our study found less EBV antigen-speci�c T lymphocytes and T cell
exhaustion in patients with EBV-associated lymphoma, suggesting donor lymphocyte infusion could be a
good treatment strategy of EBV-associated lymphoma.

Conclusion
In summary, T cell dysfunction was the predominant feature of the patients with EBV-associated
lymphoma, including reducing EBV-speci�c cytotoxic T cells, T cell exhaustion and T cell senescence.
Immune checkpoint inhibitors and donor lymphocyte infusion may be effective treatments for EBV-
associated lymphoma.
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Figures

Figure 1

The proportions and absolute cell counts of lymphocyte subpopulations in EBV-associated lymphoma
patients and healthy donors. A, The proportions of CD3+T cells (CD3+), CD4+ T cells (CD3+CD4+), CD8+
T cells (CD3+CD8+), NK cells (CD3-CD56+) and B cells (CD3-CD19+) gated on CD45+ cells in peripheral
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blood were shown. B, The absolute cell counts of CD3+T cells, CD4+ T cells, CD8+ T cells, NK cells and B
cells per ul were shown. *: p < 0.05; **: p < 0.01; and ***: p < 0.001

Figure 2

EBV antigen-speci�c cytotoxic T cells in EBV-associated lymphoma patients and healthy donors. After 24
hours stimulation with EBV mixed peptides, the production of IFN-γ of T cells in peripheral blood in two
representative healthy donors (A) and EBV-associated lymphoma patients(B) were shown. (C) The spot
counts in healthy donors and lymphoma patients. **: p<0.01
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Figure 3

T cell exhaustion in patients with EBV-associated lymphoma and healthy donors. A-D, The percentages of
PD1, CTLA4, TIM3 and LAG3 positive cells in CD4+ T cells and CD8+ T cells in peripheral blood of EBV-
associated lymphoma patients and healthy donors respectively. E-F, The proportions of two exhausted
phenotypes gated on CD4+T and CD8+ T cells in peripheral blood of patients with EBV-associated
lymphoma and healthy donors. G, The percentages of CXCR5 positive cells in CD8+ T cells in EBV-
associated lymphoma patients and healthy donors. *: p < .05; **: p < .01.



Page 16/16

Figure 4

T cell senescence in patients with EBV-associated lymphoma and healthy donors. Percentage of CD28
(A), CD57 (B) and KLRG-1 (C) positive cells in CD4+ and CD8+ T cells in peripheral blood of patients with
EBV-associated lymphoma and healthy donors. *: p < .05; **: p < .01.


