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Abstract 

Epstein-Barr virus (EBV) is a strictly human virus of the family of Herpesviridae. It infects almost the entire population; 

the infection is often asymptomatic and benign. However, many studies show that this virus can also participate in the 

oncogenesis of various human malignancies of epithelial or lymphocytic origin. After the primary infection, EBV remains 

latent in the body. During this latency, some proteins are expressed, including LMP1 (latent membrane protein). This 

protein, located at the membrane level, induces several signalling pathways involved in the survival of the host cell. It is 

described as the major oncoprotein of EBV. 

EBV-encoded latent membrane protein 1 is a multifunctional oncoprotein essential for transforming B lymphocytes into 

lymphoblastoid cell lines. The LMP1 gene, also referred to as BNLF1, encoding the LMP1 protein is relatively well 

conserved in its coding region, generally showing greater than 95% amino acid sequence identity between the different 

EBV isolates. 

NK cells appear to play an important role in the early control of EBV infection in both mice and humans. Few studies were 

interested in the interaction between LMP1 and NK and T cells.  

The aim of this review is to collect articles discussing the interaction between LMP1 and NK and T cells in order to 

describe the mechanisms of control of LMP1 by the NK/T cells and how LMP1 can regulate and promote them. 
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Introduction 

     Epstein–Barr virus (EBV) is a herpesvirus infecting 
more than 95% of the adult population. It is the first 
human virus known to be associated with human cancers 

where also the latent infection by this virus poses a public 
health burden worldwide [1]. EBV generally infects B cells 
via CD21 on the cell surface [2,3]. Nevertheless, it can also 
infect T or natural killer (NK) cells by unknown, CD21-
independent mechanisms [4]. 
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     Blood circulating lymphocytes are constituents of the 
immune system that defends the host against attack by 
viral, bacterial or parasitic pathogens, as well as against 
cancer. Lymphocytes are generally classified as T, B and 
NK lymphocytes. T and B lymphocytes are effectors of 
adaptive immunity, while NK cells are involved in the 
non-specific immune response. Therefore, NK cells differ 
from T and B cells by the permanent presence of a 
substantial fraction of educated sensitized cells [5]. NK 
cells contribute to the control of cancers and infections 
through the production of pro-inflammatory cytokines 
and the destruction of damaged, dysfunctional or infected 
host cells via cytotoxic activity [6]. They constitute about 
10% of peripheral blood mononuclear cells (PBMCs).NK 
cells have receptors for cytokines such as interleukin (IL)-
12, IL-15, IL-18 and IL-2 [7].  
 
     EBV which infects NK cells can cause extranodal NK/T-
cell nasal type lymphoma (ENKL), aggressive NK-cell 
leukemia (ANKL), EBV positive peripheral T-cell 
lymphoma, systemic EBV-positive T-cell lymphoma of 
childhood, and chronic active EBV infection (CAEBV) [8-
10]. 
 

LMP1 Protein 

     The LMP1 viral protein is described as being involved 
in the process of the immortalization of cells by EBV, 
because of its ability to transform cells. A study 
performed by Izumi et al., focused on cells expressing 
LMP1 which are subsequently injected into nude mouse 
which induced the appearance of tumors. In addition, the 
LMP1 protein has been identified in biopsies of patients 
with LH (Hodgkin's lymphoma) or NPC (Nasopharyngeal 
carcinoma) [11]. This confirms the implication of LMP1 in 
diseases associated with EBV. LMP1 is a key modulator of 
cell signaling, inducing the expression of a number of 
antiapoptotic proteins including Bcl2 and A20 (TNFAIP3) 
[12,13]. Further characterization of the structure 
confirmed that LMP1 is a 63 kDa membrane protein 
composed of 386 aa. It defines three distinct domains: the 
tail cytoplasmic amino-terminal (1-23 aa) which binds to 
the plasma membrane and directs the protein, six 
hydrophobic transmembrane loops (24-186 aa) that are 
involved in homo-oligomerization and self-aggregation, 
and some elongated cytoplasmic carboxy-terminal (187-
386 aa) that controls most of the signaling activity of the 
molecule. Mutational analyses of LMP1 indicate that the 
cytoplasmic C-terminal part and the transmembrane 
domain 1 (TM1) are essential for B-cell transformation 
[14,15]. 
 
 

Role of NK Cells in EBV Control 

     NK cells appear to play an important role in the early 
control of the herpes virus infection in both mice and 
humans [16,17]. This role seems to be less crucial for 
infection control by herpes virus-2 MHV 68 in mice [18]. 
The number of NK cells (but not CD1-restricted NKT cells) 
is increased in the patients' blood during NMI. In a small 
study on patients with CD56brighta EBV primary 
infection, a relative increase of the type has been 
observed. 
 
     The expression of certain molecules in EBV infected 
cells may play an indirect role in NF-B activation. EBV 
T/NK cell line TNF-alfa product, activates NF-B in T and 
Nk cells [19]. The concentration of TNF-alfa in the serum 
was elevated in patients with CAEBV. 
 
     TNF-alfa stimulates EBV-T/NK cells in an autocrine 
way which induces their survival. In addition, EBV 
infection induces the expression of the CD40 and CD154 
co-stimulators which are expressed on the surface of EBV-
T/Nk cells [20,21]. The survival of these cells is provided 
by the CD40 ligand in an autocrine manner [20,21]. 
 
     In addition, EBV infection induces the expression of 
CD137 on the surface of T cells which triggers anti-
apoptotic signalling [22]. Since NF-κB can be activated 
downstream of CD40 and CD137, the expression of these 
two co-stimulators may play a role in the activation of NF-
κB in EBV-T/NK cells. Honami Takada et al, demonstrates 
that EBV infection protects infected cells from apoptosis 
[23]. Cytidine deaminase (AID) acts as a DNA and RNA 
editor, its expression induces a genomic mutation that 
causes the development of B-cell lymphoma. Active NF-B 
in EBV T/NK cell line can lead to a positive regulation of 
AID which in turn can contribute to the induction of EBV 
[23]. 
 

Expression of LMP1 and Function of T and NK 
Lymphocytes 

     Studies on the role of LMP1 expression in T cells are 
limited to in vitro models, such as the expression of LMP1 
in EBV-negative lymphoblastic T-cell lines [24-26]. Very 
few studies were performed on NK cells. An initial 
observation of an in vitro infection of these EBV lineages 
led to an increase in TNF-α expression; it was then 
demonstrated that the responsible protein was LMP1 
[26]. 
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     Another study showed that the LMP1 protein that 
regulates the proliferation of CAEBV-derived cell lines did 
not play a role in the proliferation of EBV-negative cell 
lines [27]. The study has shown that LMP1 requires other 
factors to induce the proliferation of EBV-infected cells. 
 
     Hideyuki Ishii et al, demonstrated that monocytes 
stimulate the proliferation and expression of LMP1 in 
SNK6 and KAI3 cells from patients with NNKTL and 
patients with severe mosquito allergy, respectively, by 
cell-cell contact. IP-10 (IFN-γ inducible protein-10) 
produced by EBV-positive cells attracts monocytes that 
come into contact with lymphoma cells. LMP1 induces the 
production of IP-10 by NNKTL cells which attract 
monocytes. This attraction stimulates the proliferation 
and expression of LMP1 in NNKTL cells via the membrane 
bound IL-15 [28]. 
 
     In addition, EBV promotes the expression of CD137 
which after stimulation by its ligands inhibits the death of 
EBV positive-T/NK cells [22]. In vitro IL-2 treatment 
enhances the expression of CD137 in EBV-positive cells. 
Takahara, et al., shows that IL-2 increases the expression 
of LMP1 in ENKL (PMID: 17013900). Mayumi Yoshimori, 
et al., suggests that LMP1 induces the synthesis of IL-2 
that stimulates the expression of CD137 [22]. LMP1 
induces expression of CD137 through AP-1 and NF-κB 
[29]. 
 

Conclusion 

     While it is certain that EBV is associated with cancer, 
one of the recurring questions is how it works and 
whether it is responsible for tumorigenesis. This review 
underlines the main mechanisms of interaction. 
 
    LMP1 induces the proliferation of EBV+ NK/T cells but 
it may not play this role in EBV negative cell line. In EBV+ 
NK/T cells LMP1 induces the production of IP-10 which 
attracts Monocytes which in turn activate the expression 
of LMP1 by IL-15. EBV induces the expression of CD137 
which inhibit the death of NK/T cells. EBV+ NK/T cell line 
produces TNF- which enhances the production of NF-
Bin an autocrine way. Subsequently Activated NF-B 
leads to the regulation of AID which induces EBV gene 
expression. 
 
     Until today, only few reports are published. The aim of 
this review is to conduct a better understanding of the 
interaction mechanisms which may lead to better 
perspective on treatment development. 
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