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Abstract: Epstein-Barr virus (EBV) is a virus present all throughout the world that causes infectious mononucleosis (IM)
and is highly associated with certain malignancies. This study is a review of current knowledge concerning the pathogenic
mechanisms of EBV in tumor and auto-immune diseases and the different new strategies to treat EBV associated patholo-
gies.

Phenomena surrounding the proliferation and immortalization of B lymphocytes, the mechanisms of immune escape and
the role of CD8+ and CD4+ T cells in the infection by EBV are explained.

An analysis is made of the role of EBV proteins during the biological events that take place in primary infection, persis-
tent chronic infection together with an update of the approaches of novel patented therapeutics.

Currently there is no vaccine protecting against EBV-associated disorders and no treatment that may inhibit or eliminate
their progression. Thus, it is crucial to obtain additional information on the function and importance of genes that play a
role on the development of those diseases with which it is associated, as well as on the humoral and cellular immune

processes involved in them.
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1. INTRODUCTION

Epstein-Barr virus (EBV) is a gammaherpesvirus that
ubiquitously infects humans—over 90% of the world's adult
population is infected— and persists for the whole lifetime of
the person [1]. At present, it is thought that primary EBV-
infection occurs in the oropharynx via exchange of cell-free
virus or productively infected cells in saliva but the finding
of individuals who do not have EBV specific memory cyto-
toxic T lymphocyte (CTL) response, indicates that B lym-
phocytes, and not oropharyngeal epithelial cells, are required
for primary EBV infection [2]. The virus mainly binds to B
cells, through interaction of the gp350/220 present in the
envelope of the virus with cell receptor CD21, this interac-
tion fosters infection. Later the EBV is able to produce a
latent infection, mainly in B cells, although latent forms of
the virus may also be hosted by the nasopharyngeal epithe-
lial cells and some T type cells [3].

In vitro, latent infected cells may express three types of
latency depending on the genes that are expressed and on the
differentiation status of the infected B cell [4]. Thus, naive B
cells express latent EBV nuclear antigens (EBNA) EBNA1,
2, 3A, 3B, 3C, -LP, latent membrane protein 1 (LMP1),
LMP2A and LMP2B, known as growth program (latency
I1). Germinal centre cells and memory B cells express
EBNA1, LMP1 and LMP2A, known as default program (la-
tency I1) and, lastly, EBNA1 is the only protein expressed in
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peripheral blood B cells, known as latency program (latency
1) [5]. Only EBNAL is expressed in all EBV-positive prolif-
erating cells in healthy EBV carriers [4] and in all EBV-
associated malignancies [6].

EBV infection of B cells is mainly controlled by CD8+
CTL, in addition to natural killer (NK) cells. CD4+ T cell
response is probably also important at this time as a source
either of effector cells or of cytokine help for the massive
CD8+ T cell [7]. However, immune response is not always
enough to control the infection, thus resulting in an active
chronic infection by EBV [8]. In a smaller number of pa-
tients, the proliferation of cells infected by the virus is asso-
ciated with the development of lymphoproliferative proc-
esses, epithelial neoplasias and autoimmune diseases [9-11].

2. REPLICATIVE CYCLE

The virus penetrates the cell wall (Fig. 1) and migrates to
the nucleus, where replication occurs. The genome is tran-
scribed in three different phases, each of which depends
upon reading the genes in the previous phase.

The initial, or immediate phase begins after the entry of
the virus and leads to the synthesis of primary or regulatory
proteins, which are necessary for the later synthesis of nu-
cleic acids and structural proteins. They are located in the
nucleus of the cell, are antigenic and are present throughout
the viral cycle. These proteins are encoded by the EBV-
BZLF-1 open reading frame.

In the second, or early phase, early and late-early genes
are transcribed, giving rise to specific proteins such as phos-
phorylases and polymerase DNA for the synthesis of viral
DNA. Antigen proteins are also synthesised. These regulate

© 2010 Bentham Science Publishers Ltd.
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Fig. (1). Replicative EBV phases.

the subsequent phases and are located initially in the cell
membrane and diffused throughout the cytoplasm, later to
become restricted to the nucleus.

During the third, late phase, most of the late genes of the
virus are transcribed and structural proteins are synthesised
such as those of the capsid [viral capsid antigens (VCAS), a
very specific one of 18 kDa and others of 40 and 135 kDa],
and those of the envelope [late membrane antigens (LMAS)].
Capsids, which then incorporate the DNA, and glycopro-
teins, located initially in the nuclear membrane and Golgi’s
apparatus, are generated. The capsids approach the glycopro-
teins to create new complete particles.

Once formed, the virus leaves the cell, first emerging
slowly through the Golgi apparatus and then lysing the cell
due to its massive exit. Empty extracellular capsids and pro-
tein macromolecules, all of them antigenic, are frequently
present during this process. These phases are successive and
may coexist in the same cell.
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3. EBV-ASSOCIATED DISEASES

EBV primary infection normally occurs during childhood
and it is generally asymptomatic, although in half of the
cases, it appears as infectious mononucleosis (IM) during
adolescence. IM is a self-limited lymphoproliferative disease
which may be considered an immune pathology with general
symptoms caused by pro-inflammatory cytokines produced
by T cells infiltrated in tissues throughout the whole body
[12]. When the immune system is unable to control the in-
fection, the patient suffers active chronic EBV infection [8].

3.1. EBV-Associated Tumors

EBV has been linked to various lymphoproliferative
processes and epithelial neoplasias in immunodepressed and
immunocompetent persons. Amongst them we may note
posttransplantation lymphoproliferative disorder (PTLD)
patients, which suffer a complication occurring in receptors
of organ transplants that have been treated with immunosup-
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pressors [13]; HIV-associated lymphomas, where HIV-
induced immunodeficiency may increase the traffic of EBV-
infected B cells that would lead to a wide variety AIDS-
related lymphomas [14]; Burkitt's lymphoma (BL), a patho-
logical entity initially described in Africa, is the most com-
mon childhood lymphoma in western countries and repre-
sents approximately 5% of all adults lymphomas [15,16];
Hodgkin’s lymphoma (HL) in which a malignant population
of Reed-Sternberg mononuclear and multinuclear cells is
produced, in addition to reactive inflammatory cells [17],
and nasopharyngeal carcinoma (NPC), a nasopharynx lym-
phoepithelioma that is extremely common in Southeast Asia
and in Africa [18].

EBV-associated tumors are characterized by mRNA tran-
scription of a restricted number of EBV genome regions in
all cell tumors. The pattern of gene transcription is different
for different types of tumors (Fig. 2).

There are different cell lines established from BL biop-
sies in vitro, at first they show the original biopsy cell pheno-
type (group 1), on serial passage, some BL lines show ap-
pearance of lymphoblastoid cells (group I1) or a group Il
cells with phenotype indistinguishable from that of in vitro-
transformed LCLs. Those cellular changes are associated
with a change in the form of viral latency. The BL line,
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group | cells, express only the viral genome maintenance
protein EBNA1, together with EBERs and BARTSs (latency
1) [19,20]. In vitro-transformed LCLs cells, group Il cells,
express the full spectrum of viral antigens that are found in
LCLs (latency I11). This group 111 express all six EBNA spe-
cies [20].

EBERs, EBNA1l, BARTs and LMP1, LMP2A and
LMP2B (latency II) have been detected in NPC [21] as well
as in HL [22]. However, there are important quantitative
differences between NPC and HL. NPC is best classified as
displaying a latency I/l form of infection, immediate be-
tween those displayed by BL (latency I) and HL (latency 1)
[20]. In NPC, the latent viral gene EBNA1 and the EBER
genes are expressed in all EBV-positive cases and LMP2A
and LMP2B transcripts are amplifiable in most tumors. In
HL, EBV is present in the multinuclear Reed-Sternberg cells,
is characterized by expression of the latency Il [23].

BL, HL, and NPC all develop over much longer latent
periods, more typical of tumors with a complex multistage
pathogenesis while the PTLD-like lymphomas have rela-
tively short latency periods (Fig. 2). The genetic pattern ex-
pressed in PTDL is EBERs, EBNAL, 2, 3A, 3B, 3C, -LP,
BARTs, LMP1, LMP2A and LMP2B (latency II1) [24,25]
(Table 1). PTLD may be initiated when a type of B cell be-
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Fig. (2). Schematic representation of viral genes expression in the EBV life cycle and the EBV associated lymphomas.

Naive B cells are infected by EB-virions that enter the oropharyngeal lymph nodes by crossing epithelial barriers. Under influence of
EBNAZ2-driven transcription program, naive B-cells differentiate into B blasts that express the full set of latent EBV genes and which are
probably controlled by anti-EBV cytotoxic T-cell responses. The B blast further differentiates through the germinal center, this cell types
express the latent membrane proteins LMP1 and LMP2, which provide them survival signals and growth in absence of antigen. Memory
cells exit the cell cycle and enter the peripheral circulation. This memory cells are generally silent for all protein-encoding genes but may
occasionally express LMP2. Memory B cells occasionally divide and express EBNAL alone, which is essential for maintenance of the viral
genome in the host cell. Hodgkin’s lymphoma arises from a virus-infected cell that is blocked at the GC stage, which results in constitutive
expression of the latency Il. Burkitt’s lymphoma arises from a GC that is entering the memory compartment. The cell expresses EBNA1
only. If the CTL response is suppressed, the blasts can lead to PTLD.
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comes infected and expresses the latency Il program, these
cells cannot exit the latency Ill program, and they continue
to proliferate owing to the absence of effective T-cell immu-
nity [26]. The fact that most EBV-positive malignancies
other than PTLD show highly restricted latent antigen ex-
pression, with loss in particular of the immunodominant
EBNA3A, 3B, 3C proteins, emphasizes the difficulties in-
herent in trying to target these tumors by immunologic
means [27,28].

3.2. EBV-Associated Autoimmune Diseases

EBV has recently been depicted as a possible triggering
factor of some autoimmune diseases [11]. Amongst them we
may highlight systemic lupus erythematosus (SLE), an auto-
immune chronic inflammatory disease that generates a mul-
tisystemic rheumatic disorder which ultimately causes organ
failure [29]; rheumatoid arthritis (RA), a widespread sys-
temic autoimmune disease with infiltration of CD4+ T cells
and NK cells into the synovia of the joints [30] and multiple
sclerosis (MS), a neurology disease characterized by chronic
inflammation and demyelination within the central nervous
system (CNS) [31].

Epidemiology and serology studies show a clear relation
between MS and EBV [32-34]. The role of EBV in MS is
unknown, but there are some theories relating the im-
munopathology of the disease with the virus infection. One
of these theories is based on the homology between the virus
proteins and myelin proteins [35]; thus, MS would be the
result of combining a hereditary predisposition and an un-
known environmental factor that may maintain the auto-
reactivity of T cells through “molecular mimicry” [36,37].

During the study of auto-reactive CD4+ T cells in MS,
Wucherpfenning and Strominger [38] characterized a DNA
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polymerase-derived epitope (BALF5) of EBV with a strong
cross-reactivity with the myelin basic protein (MBP).
Linemman et al. [39] showed that the repertoire of specific
anti-EBV T cells in MS patients is mainly composed of spe-
cific anti-EBNA1 CD4+ T cells and that the frequency was
twice as much in cases than in controls. However, the fre-
quency of EBNA1-specific CD8+ T cells was lower both in
cases and in controls. These results show that EBNAL-
mediated immunological control of latent EBV infection is
deregulated at T cell level in patients with MS [39].

Another possible role of EBV in MS is based on EBV's
capacity to induce a-B-crystallin protein on the surface of B
cells through their infection, an event which would provoke
a response of CD4+ T cells against it. This protein is identi-
fied as the major autoantigen abnormally expressed in the
oligodendrocytes of the brains of MS patients [40]. We may
also add that EBV infection of B cells produces retrovirus
particles in active MS patients [41]; these endogenous retro-
viruses may transcribe a gene that codifies a protein of the
retrovirus envelope with potential superantigen activity [42].
These superantigens may activate polyclonal T cells specific
against myelinic antigens [43].

Cross-reaction of specific 1gG against EBNA1 with
autoantigen epitopes of Ro and Sm ribonucleoproteins [44]
was found in systemic lupus erythematosus (SLE). EBNA1
is the only protein expressed in all latent infected cells, in all
virus-associated tumors [10] and in autoimmune diseases
associated with EBV (MS, RA and SLE) [11].

Both SLE and RA are characterized by high titres of anti-
EBV antibodies and impaired T-cell responses to EBV anti-
gens. These autoimmune diseases are both associated with
an increased risk of lymphoma with a potential role for EBV
[45].

Table1l. EBV Latent Gene Expression Patterns in EBV Associated Disorders

BL NHL HL NPC PTLD IM
EBNA1 + + + + + +
EBNA2 - . - B + +
EBNA3A - - - - + +
EBNA3B - - - - + +
EBNA3C - . - B + +
EBNALP - . N } + +
LMP1 - + + + + +
LMP2A - + + + + +
LMP2B - + + + + +
BARTS + + + + + +
EBERs + + + + + +

OTHERS BARF1
LATENCY | 1 1 1 1| 1|

BL: Burkitt’s lymphoma; NHL: non-Hodgkin lymphomas; HL: Hodgkin’s lymphoma; NPC: nasopharyngeal carcinoma; PTLD: posttransplant lymphoproliferative disorders; IM:

infectious mononucleosis.
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The EBV load in the peripheral blood of patients with
RA has been investigated in two studies both of which
showed that EBV load was about 10-fold higher in RA pa-
tients than in controls [46,47].

4. PROTEINS INVOLVED IN EBVY PATHOGENESIS

The most plausible pathogenetic mechanism of EBV in
autoimmune diseases and specifically in MS is the above-
mentioned “molecular mimicry”. The pathogenetic mecha-
nism that may explain this theory implies both genes able to
produce immortalization and proliferation of infected cells
and genes involved in immune evasion, which are also es-
sential to produce neoplasias.

4.1. Cell Proliferation and Immortalization

EBYV infection gives infected cells the capacity to differ-
entiate and to clonally expand through the LMP1 protein,
which morphologically transforms B cells reducing the re-
sponse to normal differentiation signals and promoting pro-
liferation [48,49], as well as LMP2A [4]. LMP1, which is a
lingand-independent cell-suface signalling molecule, pro-
vides a surrogate T-helper cell signal. LMP1 mimics the tu-
mor necrosis factor receptor (TNFR) superfamily receptors
by using their intracellular signaling factors TRAF and
TRAD. CD40 (TNFR superfamily receptor), is a key recep-
tor on germinal center B cells, which can deliver a survival
signal. LMP1 is a functional homologue of CD40. Via their
interaction with these factors and by mechanisms not yet
fully understood LMP1 triggers two phosphorylation path-
ways that lead to the activation of transcription factors NF-
kB and AP1. The result of signalling from both CD40 and
LMP1 is to rescue B cells form apoptosis and drive their
proliferation [4].

LMP2A can maintain these cells in absence of a compe-
tent B cell antigen receptor (BCR) that may translate signals.
It has been observed in in vitro infected B cells that the
LMP2A N-terminal cytoplasmic domain blocks the signal
translating BCR, thus preventing the change from latent to
lytic cycle, and maintaining latency [50]. This domain inter-
acts via multiple phosphotyrosines arranged in ITAM- and
SH2-protein binding motifs with the tyrosine kinases Lyn
and Syk, as with BCR. This interaction diminishes Syk and
Lyn from binding to the cytoplasmic B-cell, that would re-
sult in induction of the lytic cycle. LMP2A signalling does
not cause B cells to grow, but delivers the tonic signal that is
essential for the survival of all B cells [4,10]. LMP2A func-
tion is influenced and negatively regulated by LMP2B [51].

EBNA2 mainly acts as a transcription factor of cellular
genes (c-fgr, c-myc), B cell activation markers such as CD23
and CD21, but also of other viral genes, including LMP1 and
LMP2A [9,52]. EBNA? interacts with transcription factor
RBP-Jk to promote conversion of resting B lymphocytes into
lymphoblastoid B cells [53]. It has also been related to loss
of somatic hypermutation of germinal centre B cells and,
therefore, it is related to the differentiation and transforma-
tion of B cells [54].

Additionally, this proliferation, transformation and im-
mortalization of B cells would have influence on another
protein such as EBNA-LP, acts in the expression of cell
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genes essential for B cell outgrowth [55] in addition to in-
creasing the ability of EBNA2 to transactivate the LMP1
gene [56].

EBNA 3A and 3C nuclear proteins are essential for EBV-
mediated immortalization, but not EBNA 3B [10]. EBNA
3A-C regulate the expression of certain cell genes and bind
to a variety of host proteins including different isoforms of
the cellular transcription factor RBP Jk [57]. The EBNA-3s
compete for RBP-Jx with EBNA-2 and Notch, and limit
EBNA-2 strong up-regulation through RBP-Jx [58,59].
Thus, EBNA2 and EBNA3 proteins work together to pre-
cisely control RBP-Jx activity, thereby regulating the expres-
sion of cellular and viral promoters containing cognate Jx
sequence. EBNA3C acts as a regulating complex increasing
the expression of LMP1, promoted by EBNA2 [60]. In vitro,
EBNA3B has shown that it is not required for B cell immor-
talization, but that it is a highly maintained gene, such that it
seems important for the infection of the host. It also mediates
the regulation of CXCR4 chemokine, which may be an im-
portant strategy for the alteration of B cell homing in the
infected host. The deletion of EBNA3B implies a reduction
of the expression of EBNA3C and a lesser growth [61].

Lastly, EBNAL protein has the ability to induce an in-
crease in the expression of RAG1 and 2, which contribute to
the reordering and recombination of immunoglobulin genes
and of T cell receptor genes during the VV(D)J recombination
process, essential for the regeneration of mature T and B
cells [62]. EBNAL is a protein expressed both during the
latent and the lytic phases, transcribed through various pro-
moters (Wp, Cp, Qp or Fp) depending on the virus phase
[10]. Amongst its functions, it is believed to play an impor-
tant role in replication and mainly in the maintenance of the
episome through interaction with chromosome proteins
(HMG-1 and H1) [63]. This binding also guarantees the seg-
regation of episomes in the progeny.

4.2. Immune Response Evasion

In IM there large numbers of “atypical mononuclear”
cells in the blood, predominantly T lymphoblasts of the
CD8+ subset but include some CD4+ T cells and also acti-
vated natural killer (NK)-like cells.

In vitro studies have demostrated that NK cells can in-
hibit the EBV-induced transformation of resting B cells if
added within a few days of infection [64]. But the innate
immune responses are of limited value, at least in the control
of latent growth-transforming infections. EBV has not yet
revealed any NK immune evasion strategy [65].

There are a highly expanded CD8+ T cell response and
this issue has long been debated. CD8+ T cell response to
latent cycle antigens, are markedly focused on immuno-
dominant epitopes drawn from the EBNA3A, 3B, 3C family
proteins, and less often from EBNA2, EBNA-LP, or LMP1
and apparently never from EBNAL1 [28]. Although the CD8+
T lymphocyte response to latently infected cells is well char-
acterized, very little is known about T cell controls over lytic
infection. The primary CD8+ T cell response to EBV in IM
patients contains multiple lytic antigen-specific reactivities,
epitopes from immediate early (BZLF1, BRLF1) and several
early (BMLF1, BMRF1, BALF2 and BALF5) proteins, at
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levels at least as high as those seen against latent antigens
[66,67].

CD4+ T cell responses are induced against a range of
epitopes within latent cycle antigens. The responses to the
immediate early protein BZLF1 were more common than
responses to BMLF1 [68]. EBV infection therefore induces
CD4+ T cell responses to multiple latent cycle epitopes, with
the greatest concentration of epitopes being in the C-terminal
half of EBNA1. The C-terminal half of the EBNAL is a par-
ticularly rich source of CD4 epitopes for a range of different
HLA class Il alleles in Caucasian donors [69-71].

Additionally, it has been observed that the protein codi-
fied by the BGLF5 gene of the lytic cycle reduces the syn-
thesis of host proteins in such a way that it may reduce the
surface presentation of HLA molecules for recognition by T
cells [72]. Lytic-phase BZLF1 or ZEBRA protein may also
interfere in abrogation of IFNy-induced MHC-II upregula-
tion and contribute to the immune escape [73].

Besides all these mechanisms to avoid recognition by T-
lymphocytes, the immune response during EBV infection
may be suppressed by the virus through the expression of the
lytic phase BCRF1 gene, the product of which is homolo-
gous with human IL-10 (vIL-10), which would act by sup-
pressing Th1 cell response [74]. The expression of BARF1, a
CSF-1 homologue, also interferes with cytokine production,
something that may negatively alter the immune response
[75].

B cells which, in normal conditions, are eliminated
through apoptosis may increase their survival after EBV in-
fection. BHRFL1 is a prosurvival molecule from EBV that has
a high degree of homology with bcl-2, a family of proteins
that inhibits apoptosis [76,77].

The LMP1 protein through intracellular signalling also
rescues B cells from signalling for apoptosis and drives them
towards proliferation [78]. The LMP1 is a potent activator of
NF«B, and the activation of NFxB is an important step for
EBV-induced B cell immortalization.

Infected B cells may escape detection by CD8+ T cells
through EBNAL. EBNA-1 is not presented properly to T cell
since the glycine and alanine repeat domain (GAr) of EBNA-
1 interferes with processing. There are evidences suggesting
that the repetitive domain interferes with ubiquitin protea-
some-dependent degradation and may thereby prevent the
presentation of MHC-I-associated antigenic peptides [79].
While, the isolation of CD4+ or CD8+ EBNAL1-specific CTL
from healthy carriers implies the processing and presentation
of EBNA1 epitopes via a proteasome-independent cross-
priming pathway [80].

EBERs genes codify two small nuclear RNAs which
seem to also participate in blocking apoptosis [81].

5. PROPHYLAXIS AND TREATMENT
5.1. Prophylaxis

Strategies based on simple or EBV-combined peptides
and on peptides from T-cell immune response (Table 2) have
been employed in the development of vaccines.
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5.1.1. Peptide Vaccines

Amongst the vaccines developed with viral proteins we
may highlight that developed by Medimmune [82] and
GlaxoSmithKline [83] with structural protein gp350. This
vaccine was developed with the idea of preventing infection
by EBV. Phase I/l clinical studies have shown that this re-
combinant glycoprotein [82,83] may elicit neutralizing anti-
bodies [84]. This glycoprotein had proven effective in pre-
venting the development of EBV-induced IM, but it had no
efficacy in preventing asymptomatic EBV infection [85],
although many cases of EBV-associated tumors and MS [86]
may be prevented by a suitable vaccine that protects against
EBV infection.

Two vaccines for EBNA1 have been developed within
the possible vaccines that use EBNAS antigens, one patented
by Akzo Nobel [87] and the other by Affinium Pharm [88].
There is another patent registered for EBNA2 [89], the aim
of which is to apply it in PTDL prophylaxis. Two patents
have been developed codifying peptide antigens of the
BHRF1 region, such as p17 (EA-R) and p50 (EA-D) [90] for
the prevention of IM and NPC [91]. Diatech PTY [92] de-
veloped vaccines based on mimotypes, molecules antigeni-
cally mimicking EBV determinants from VCA, EBNA and
EA homologous sequences. This patent indicates that anti-
bodies produced from these mimotypes may also recognize
gpl25 (BALF4) and p18 (VCA) [92].

Another group of patented polypeptides are EBNAI,
LMP1 and LMP2 synthesized segments. The indications of
this patent are mainly aimed against NPC, HL and PTLD
[93]. There is another patent with very immunogenic pep-
tides encoded within the EBV BFRF3 and BdRF1 open read-
ing frames, expressing VCA-p18 or VCA-p40 capsid pro-
teins, developed by Akzo Nobel [94]. Middeldorp [95] de-
veloped a vaccine using LMP1, LMP2 and BARF1 se-
quences, proteins which are expressed in the nuclear mem-
branes of infected cells. The peptide that is present in all
EBV-associated tumors and autoimmune diseases is
EBNAZ1; thus, a possible vaccine would include EBNA1
added to another latent or lytic gene [96]. EBV infection is
associated with autoimmune diseases and vaccine develop-
ment has been suggested to try to prevent them. Harley et al.
[97] tried to develop another form of immunization by using
homologous peptides related with autoimmune diseases. The
peptide used enclose homologues of an antigenic sequence
identified in the EBV and it may reduce the amount of circu-
lating antibodies with particular specificity in addition to re-
inducing tolerance due to treatment with the antigen. Huber
et al., [98] developed an immunization through peptides,
specifically against the HERV-K18 superantigen induced by
EBV when transactivating human endogenous retroviruses
[42], since this superantigen may stimulate a great amount of
T cells. This would protect against diseases such as IM,
EBV-induced lymphomas, and EBV-associated autoimmune
diseases such as SLE, RA, Sjogren’s syndrome and MS.

5.1.2. CD8+ and CD4+ Lymphocyte Epitopes

Another type of vaccine is that based on CD8+ and
CD4+ T cells specific response peptides. In this context,
Elliot et al. [99] used a not yet patented vaccine with only
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Table 2. Patented Vaccines Against EBV
PATENTED VACCINES PUBLICATION NUMBER APPLICANT PATENTS PATENTS
gp350 U.S. 2007202122 Medimmune INC [82]
gp350 W.0. 03094962 GlaxoSmithKline Biolog SA [83]
EBNAL W.0. 9406912 Akzo Nobel NV [87]
EBNAL W.0. 2004007536 Affinium Pharm INC [88]
EBNA2 U.S. 2006257356 Foundation for Medical Educati [89]
BHRF1 U.S. 2008175849 Ortho diagnostic systems INC [90]
BHRF1 W.0. 9311267 Cancer Res Inst [91]
VCA, EBNA, EA W.0. 2007022557 Diatech PTY LTD [92]
EBNAL, LMP1, LMP2 W.0. 2007065215 Savine Therapeutics PTY LTD [93]
VCA-p18 VCA-p40 U.S. 6365717 Akzo Nobel NV [94]
LMP1 + LMP2 + BARF1 AU. 2002235884 Cyto Barr BV [95]
EBNAL + lytic or latent gene W.0. 2007097820 Univ. Ohio State Res Found [96]
Peptide for autoantibodies W.0. 0158481 Oklahoma Med Res Found [97]
HERV-K18 superantigen W.0. 0247720 Univ. Tufts [98]
+ B . H .
CD8+ T cell epitopes of EBV W.0. 9745444 Quee.nsland Inst Med Res; Cqmmw Scient Ind Res Org; [100]
type Aand B Univ. Melbourne; Inst Medical W & E Hall; Csl Ltd
. Queensland Inst Med Res; Commw Scient Ind Res Org;
CD8+ T cell epit f LMP1 W.0. 2004041849 101
cell eptlopes @ Univ. Melbourne; Inst Medical W & E Hall; Csl Ltd [101]
CD8+ T cell epitopes of gp85 or Queensland Inst Med Res; Commw Scient Ind Res Org,
W.0. 9902550 1102
gp350 and LMP1 or LMP2 Univ. Melbourne, Inst Medical W & E Hall; Csl Ltd [ 1
CD4+ T cell epitopes of U.S. 2009130134 Pancre, Auriault [104]
EBNA1, LMP1 and LMP2
Dendritic cells EBNAL W.0. 0112215 Univ. Rockefeller [107]
APC EBNAL1 + LMP1 W.0. 2007049737 Medical and Biolog Lab Co LTD; Aichi Prefecture [108]
Ad5F35-LMP2 recomblnant CN. 1907493 Zeng Y1 [111]
adenovirus
EBNAL recombinant adenovirus W.0. 03047634 Univ. Health Network [113]

one CD8+ T cell epitope to generate immunity against IM.
In phase | trial, they observed it produced a response specific
T cells, but the number of subjects studied was too small for
any conclusion to be reached. One vaccine that has recently
been patented by Queensland Inst Med Res [100] is based on
the development of CD8+ T cell epitopes against both EBV
subtypes, which are distinguished through their differences
in the genes codifying EBNA2, 3B and 3C. As indicated, the
vaccination may be able to protect 90% of the Caucasian
population. This same institution has also developed two
vaccines based on LMP-1 or LMP-2 and gp85 or gp350 epi-
topes recognized by CD8+ T cells [101,102].

The study of latent antigen-specific CD4+ T cell re-
sponses has been motivated by the fact that most EBV-
associated tumors are HLA class Il-positive, even tumors
such as Burkitt’s lymphoma (BL), which is globally defi-

cient in HLA class | antigen processing but retains class Il
processing function [103]. Pancre et al. [104] developed
immunogenic peptides derived from EBV type | and Il la-
tency antigens comprising at least one CD4+ T cells epitope
which can be recognized by the majority of individuals in the
Caucasian population, the use of which may stimulate a
strong response against CD4+ T cells in the immunotherapy
of tumor pathologies associated with types | and Il latency
phases [105].

EBNA1, the only viral protein expressed in most BLs,
shown that CD4+ T cell clones to at least some EBNA1 epi-
topes can recognize and kill appropriately HLA-matched
LCLs and also EBNA1-positive BL lines [71,103]. Hence,
CD4+ T cells could be useful therapeutically if they were
able to recognize HLA class Il-positive cells endogenously
expressing the relevant latent protein [65].
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It has been recently observed that the use of antigen pre-
senting cells (APC) T-cell immunization strategies may ob-
tain a more efficient immunization than the one obtained
with lymphoblastoid cell lines (LCLs) [106]. Specifically, a
vaccine based on this concept has been patented which elicits
a strong CD4+ T cell response using dendritic cells (DCs)
charged with EBNA1 [107].

It was found that an APC having mRNA of LMP1 and
EBNAZ1 introduced therein can induce an EBV-specific cyto-
toxic T cell, which would eliminate an EBV-infected NK
lymphoma [108]. These vaccines can confer a protective
response to CD4+ and CD8+ T cells against EBV trans-
formed B cells in vitro [109]. It has been observed and pat-
ented that lymphocyte production by DCs that are infected
with recombinant adenovirus codifying LMP2 may be able
to kill CNF cells [110,111]. CD4+ T cells specific for
EBNA1 and CD8+ T cells specific for LMP2 may be gener-
ated [112] by infecting DCs with recombinant modified vac-
cinia Ankara virus (MVA). Following the same line of re-
search, Liu et al. [113] tried to develop, in vitro and in vivo,
a specific response of CD4+ and CD8+ T cells against
EBNAL for the treatment of cancer with an adenoviral SE1
vector, which would limit the cellular growth of the tumor
and/or cause its death. This patent may also prove useful in
MS in eliminating self-reactive B and T cells.
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5.2. Treatment

Strategies based on chemical products, lymphocyte trans-
fer and gene therapies have been developed for the treatment
of EBV infection (Table 3).

5.2.1. Chemical Treatments

Antiviral agents, such as acyclovir [114] and valacyclovir
[115], DNA polymerase inhibitors, are the most used in the
treatment of EBV infection, but the efficacy of both is lim-
ited because they only act if the virus uses its own DNA po-
lymerase, therefore being effective only in lytic-phase but
not in latent-phase cells. A study that assessed the efficacy of
valganciclovir showed that in 47 liver transplantation chil-
dren with a high viral load of EBV treated with valganci-
clovir, PTLD was suspected in only one child and a long
valganciclovir treatment achieved undetectable EBV-DNA
in 47% of patients [116]. Other antiviral agent, ganciclovir,
showed that a treatment during 30 days decreased in 38% the
risk of PTLD during the first year post-transplant in renal
patients [117]. This study indicated that ganciclovir could be
more potent than acyclovir. Anti-viral therapy appears to
play a important role in reducing the risk of PTLD in post-
transplant patients.

The use of an agent to induce virus-specific genes codify-
ing kinases (thymidine kinase, BGLF4) that, when ex-

Table 3. Patented Treatments Against EBV

PATENTED TREATMENTS PUBLICATION NUMBER APPLICANT PATENTS PATENTS

Geldanamycin (Hsp90-ATPase modulator) W.0. 2009014759 Trustees of the Univ. of Columbia [121]

Lipophilic phOSphO”\‘/’sgd/ nucleoside + anti- W.O. 9838202 Univ. California (San Diego) [122]

L-nucleoside (L-FMAU) W.0. 9520595 Univ. Georgia; Univ. Yale [123]

Simvastatin W.0. 2005042710 US Government [124]

1'(2'F'”°r°'4'thri:;;;zz§ﬁ nofuranosyl)-5- W.O. 2009034945 Yamasa CORP; Univ. Kyoto [125]

5-subtitued uracil-nucleoside U.S. 2007197462 Univ. Emory [126]

Inducing agents E.P. 1886677 Perrine SP, Faller DV, White BF [127]

EBNA1 specific lymphocytes transfer W.0. 0112215 Univ Rockefeller [107]

EBNAL1 specific lymphocytes transfer U.S. 2006188520 The Rockefeller University [133]

Ad5F35-LMP2 recombinant adenovirus CN. 1907493 Zeng YI [111]

EBNAL recombinant adenovirus W.0. 03047634 Univ. Health Network [113]

Proteasome inhibitors W.0. 2004004749 Univ. Charite [137]

ITAM inhibitors through LMP2A U.S. 2007110760 Monroe et al. [138]

RBP-J-EBNA2 mutant W.0. 02098918 GSF Forschungszentrum Umwelt [139]

RNAI (EBERs) U.S. 2007202082 Jinetal. [141]

gp42 U.S. 2009074719 Univ. Northwestern [142]

EBNAS3C-TAT peptide W.0. 2008005506 Trustees of the Univ. of Pennsylvania [143]

CtxB or EtxB/ LMP1 or LMP2 complex W.O. 0247727 Univ. Bristol [144]
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pressed, phosphorylate the nucleoside analogue, ganciclovir,
and transform it into its active form has been studied for
some time [118]. Sodium butyrate and radiation, and argin-
ine butyrate selectively activate the EBV thymidine kinase
gene in latently infected EBV-positive tumor cells [119,120].

A proposed and patented chemical compound that may
inhibit EBV replication in the host is a host chaperone pro-
tein activity modulator (Hsp90-ATPase), an ansamycin anti-
biotic, specifically, geldanamycin (17-dimethylaminoethyl-
amino-17-demethoxy-geldanamycin). This Hsp90 activity
modulator is an inhibitor of the expression of bcl2-associated
anathogene 3 (BAG3) [121].

Another compound that has recently been proposed and
patented is the combination of an antiviral and a lipophilic
phosphonacid/nucleoside conjugate with high antiviral activ-
ity. The compound includes a phosphonacid/nucleoside con-
jugate in which the carboxyl group and phosphonyl groups
of phosphonacid are sterified, such that the compound is
comprised of at least a lipophilic group and a nucleoside
group [122].

Another chemical compound indicated for the treatment
of the hepatitis B virus and of the EBV is an L-nucleoside in
which the R group is occupied by a purine or pyrimidine
base. The active substance is 2'-fluoro-5-methyl-beta-L-
arabinofuranosyluridine, also referred to as L-FMAU [123].
Simvastatin, which belongs to the family of drugs that inhibit
the 3-hydroxy-3-methylglutaryl CoA reductase, binds spe-
cifically to a domain of lymphocyte function-associated an-
tigen 1, (LFA-1) thus inhibiting its function [124]. This do-
main of cell adhesion is highly expressed in tumors with
extranodal localization such as those that appear in immuno-
compromised patients with EBV-associated immunoblastic
lymphoma in areas such as the brain, the lungs or the gastro-
intestinal tract. The administration of Simvastatin together
with LCLs in immunodeficiency mice (SCID) has been ob-
served to produce a delay in the development of EBV asso-
ciated lymphomas and to prolong survival [124]. Other pat-
ented chemical compounds that may currently be used are 1-
(2-Fluoro-4-thio-ss-D-arabinofuranosyl)-5-methyluracil
[125], patented by Yamasa CORP and 5-substituted uracil-
nucleoside, which acts as a thymidylate synthetase inhibitor.
The latter is patented by Schinazi et al. [126] and may be
used in cancer treatment. Inducing agents, such as the patent
developed by Perrine [127], are also registered.

Anti-B lymphocyte chemical treatments, such as Rituxi-
mab, have also been observed to obtain a very good re-
sponse, since B cells found in the meninges of MS patients
may be acting as APC for T cells and therefore contributing
to the propagation of local disease-relevant immune re-
sponses [128].

5.2.2. Lymphocyte Transfer

A proposed treatment approach is to try to increase the
response of the immune system against the target organism.
The predominant immunologic response in viral infections is
carried out through CTL. This response, mediated by MHC-
I, is directed against EBNA3A, 3B and 3C antigens and,
with less frequency, against EBNA2, EBNA-LP, LMP1 and
LMP2, in the case of EBV. Considering this, infusions of
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donor leukocytes containing CTL presensitized to EBV, were
transferred to patients developing PTLD for the treatment of
the disease, showing regression in some cases [129]. This
method was refined through the transfusion of EBV-specific
CTL lines and used at the moment of development of a tu-
mor or as prophylaxis [130]. It has been suggested that to
make the cell response more specific for solid organs trans-
plant, all CTL that react with the host MHC may be selected
from the donor for their transplant [131].

It has also been observed and patented that DCs may
present EBNAL to CD4+ T cells [132]. Thus, CTL have the
ability to efficiently recognize and destroy tumor cells that
express EBNAL [107,133] although this statement is not in
agreement with other authors [79].

Unfortunately, in NPC, HL and NHL, this therapy is dif-
ficult partly due to the fact that the stimulation of LCLs
mainly occurs towards immunodominant T cells specific
against EBNA3, which is not expressed in these tumors.

5.2.3. Gene Therapy

Gene therapy has been developed for EBV-related lym-
phomas expressing a suicide gene which was driven by
EBNAZ2 dependent regulatory elements in cells latently in-
fected with EBV [134].

Zeng Yi [111] and Liu et al. [113] carried out, and pat-
ented, in vitro studies focused on the treatment and preven-
tion of EBV-positive cancers by administering a nucleic acid
molecule comprising an LMP2 [111] or EBNAZ1-responsive
promoter region [113] operatively linked to a gene necessary
for viral replication, preferably in adenovirus replication, and
optionally one or more heterologous genes [135, 136].

5.2.4. Other Therapies

Another possible therapy for EBV infection and for lym-
phoproliferative diseases is the use of proteosome inhibitors,
such as PS-1 and PS-2 inhibitors, reversible inhibitors of
chymotrypsin-like activity of the multicatalytic proteinase
complex 20S proteasome, which has shown to prevent NF-
kB factor transcription activation in response to TNF-a and
to prevent NF-xB activation through the blockage of IxBf
decay and IxBp protein [137]. A recently patented strategy
has been the use of peptide homologues (synthetic ITAM
analogues) that inhibit the interaction of proteins and im-
munoreceptor tyrosine-based activation motifs (ITAMs) of
viral proteins. This invention showed that blocking associa-
tion of the LMP2A ITAM with cellular molecules and block-
ing LMP2A ITAM-mediated signalling are effective strate-
gies for treatment and prevention of metastases of EBV-
induced malignancies. It is stated that this treatment may
result in inhibition of BCR-induced proliferation [138].

Another form of treatment, patented by Kempkes [139] is
a DNA-binding protein mutant, RBP-Jx, able to bind to the
Notch protein but unable to bind to EBNA2, since it presents
an aminoacidic sequence with at least one mutation in the
EBNAZ2 binding domain, thus preventing immortalization.

Such as stated by Mei et al. [140], a form of therapy that
should be developed further is the use of drugs with latent
proteins as targets, mainly proteins expressed in tumors, such
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as LMP1, LMP2A or EBNAL, essential for immortalization,
for cell proliferation and for evading immune responses.
This may be manifested with the use of small interfering
RNA targeting the LMP1 gene, thus reducing LMP1 expres-
sion and inducing apoptosis in EBV-infected LCLs. EBV
codifies small RNAs, known as EBERs, which are abundant
in infected cells. Using a vector system, based on the EBV
promotor that codifies these EBERSs, the interference RNA
(RNAI) may be used as cytoplasmic or nuclear targets to
silence genes and block the different RNAs levels. This new
therapy is patented by Jin et al. [141].

As regards peptide-based treatments, Kirschner et al.
[142] have recently created and patented peptide-based com-
pounds (peptides, peptidomimetics, and other small mole-
cules) to inhibit EBV-mediated membrane fusion with
epithelial cells, B-cells, or both. The peptides are based on
the EBV fusion protein gp42. These may have one or more
functional or biological activities associated with gp42. This
patent may be formulated for treating and preventing dis-
eases associated with EBV infection, such as acute IM, B-
cell lymphomas, other lymphoproliferative diseases associ-
ated with EBV.

Another patented treatment is the use of EBNA3C
blended with a protein transduction domain (TAT) which
may block the proliferation of the infected cell and the over-
growth of the transformed B cell, since this protein, which
inhibits the action of EBNAS3C induces the degradation of
retinoblastoma proteins by inhibiting the translation of
EBNA3C mRNA [143]. Morgan et al. [144] developed a
fusion complex made up of a toxin and a viral antigen as
treatment against EBV infection. Toxins used are a protein
homologous to subunit B of E. coli heat-labile enterotoxin
(EtxB) or a Vibrio cholera toxin (CtxB), which are able to
bind to receptor GM1 of the cell plasmatic membrane and a
second protein homologous to a viral antigen expressed in
the surface as LMP1 or LMP2, which allow the internaliza-
tion in the cell and the alteration of the antigen processing
pattern of the viral presentation and/or tumor antigens. This
patent was developed to be applied in neoplasias.

6. CONCLUSIONS

Up to now some important achievements have been made
to inhibit IM progress, but the same does not hold true for
asymptomatic EBV infection, which is the one involved in
lymphoproliferative and autoimmune diseases.

The development of an effective prophylactic vaccine
needs to bear in mind that neutralizing antibodies on their
own or their combination with cell-mediated immune re-
sponse against a single peptide component does not offer
long-lasting sterile immunity against EBV, such as the case
with gp350 envelope vaccine. However, the reduction of the
viral load may be enough to prevent the development of dis-
eases such as IM or PTLD during the primary infection, in
addition to other diseases associated to the virus latent phase,
such as autoimmune diseases and other malignant diseases.
Thus, the development of vaccines based on stimulating T
cell response, mainly CD8+ T cells, requires the aid of virus-
specific CD4+ T cells in vivo and, therefore, CD4+ T cell

Mini-Reviews in Medicinal Chemistry, 2010, Vol. 10, No. 10 923

stimulation needs to be taken into account when developing
avaccine.

CTL in vitro stimulation against proteins expressed in
tumors may render this therapy very specific for this type of
patients. Thus, this immunotherapy based on epitope-specific
CTL clones reactivated and expanded in vitro, and the in-
crease in the immune response through the vaccination with
epitopes may be very useful against EBV-associated neopla-
sias. According to the patents developed up till now, the
conclusion seems to be that EBNA1, as a promising CD4+ T
cell antigen, should be combined with LMP1 and LMP2 for
CD8+ T cell stimulation in such a vaccine for both preven-
tion of symptomatic EBV infection as well as immunother-
apy against EBV-associated malignancies.

Although the most effective targets to prevent or inhibit
EBV infection are genes, we may prevent the development
of tumors and other autoimmune diseases associated to B
and T cell immortalization, such as MS, by developing gene
therapies against genes that are important for cell immortali-
zation and differentiation, such as EBNA1, EBNA2 or
LMP1. The development of small interfering RNA targeting
this type of genes may also be effective in reducing their
expression. Thus, LMP1 or EBNA1 would be of great im-
portance, since it may induce B-cell apoptosis.

For preventing and treating autoimmune diseases, it may
also be useful to develop specific antibodies against autoan-
tibodies that by molecular mimicry seems to play an impor-
tant role in the development of such diseases.

Finally, the ideal strategy would be to develop a vaccine
that obtain long-lasting protective immunity by studying the
key proteins that contribute to the development of the dis-
eases associated with the virus, contributing both to cellular
and tumor immunity.
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