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1. Introduction
Individuals with immunodeficiency have a vastly increased cancer risk. This risk appears to
be largely due to a loss of immune surveillance to tumor antigens, although other
contributing factors exist. Among tumor antigens are proteins expressed by oncogenic
viruses. This review focuses on two gammaherpesviruses, namely Epstein Barr Virus (EBV)
and Kaposi’s sarcoma herpesvirus (KSHV, also called human herpesvirus 8 [HHV-8]). Both
of these viruses can infect B-lymphocytes, and largely coexist with their human host without
causing disease. Like all other members of the herpesvirus family, they can establish a latent
infection, in which no viral particles are produced, and only a few viral transcripts and
proteins are made. Both EBV and KSHV have the capacity of expressing proteins and non-
coding RNAs during latent infection that promote cellular proliferation, which is necessary
for the virus to take hold in the appropriate cellular reservoir as part of their life cycle.
Normally, the immune system limits this proliferation because it will recognize some of the
viral proteins. If this process fails because of abnormal immune responses, the likelihood
that the viral promotion of cellular proliferation will go unchecked, leading to a malignancy,
increases greatly. Infection of B cells by EBV and KSHV can thereby result in the
development of a variety of lymphoproliferative disorders (LPDs), which are illustrated in
Figure 1 and reviewed in the following sections.

2. Lymphoproliferation and HIV infection
2.1 Multicentric Castleman’s disease (MCD)

Castleman’s disease is a poorly understood atypical lymphoproliferative disorder. Two
distinct histopathologic subtypes had been reported before the identification of KSHV, the
more common hyaline vascular type and the plasma cell type. Clinically, Castleman’s
disease can be localized, or the patient may have multiple enlarged lymph nodes, therefore
called “multicentric” Castleman’s disease (MCD) [1]. Approximately 90% of patients with
MCD have the plasma cell type morphology. Systemic consititutional symptoms in MCD
include fevers, malaise, wasting, hypoalbuminemia, cytopenias, and hyponatremia [2].
These patients frequently develop malignancies, most commonly KS and NHL, and soon
after the discovery of KSHV, and association of this virus with MCD was described [3].
While in approximately half of MCD cases from immunocompetent individuals were
associated with KSHV infection, this number is much higher in individuals with HIV,
approaching 100%. In fact, the presence of a single lymph node containing KS and
Castleman’s disease is not uncommon in HIV-positive patients. Notably, MCD, also called
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multicentric angiofollicular hyperplasia, is characterized by a vascular proliferation, which
is reminiscent of KS. While KSHV has been reported in MCD with both hyaline vascular
and plasma cell morphology [4], the majority of cases more closely resemble the plasma cell
type of MCD. One report indicated that the KSHV-positive cases showed the highest
intensity of angiosclerosis and germinal center and perifollicular vascular proliferation,
while plasmacytosis is less pronounced than in the KSHV-negative cases of the plasma cell
type [5]. It now appears that the KSHV-positive cases represent a distinct morphologic
variant, resembling more the plasma cell type, but in addition showing the presence of larger
cells in the mantle zones, which are have been called plasmablasts, and contain KSHV [6],
that can be detected with monoclonal antibodies to the latent KSHV protein LANA1 [7].
These cells can be numerous, coalesce and form microlymphomas or frank lymphomas
(described below). KSHV-infected plasmablasts are B cells that for some unknown reason
are monotypic but polyclonal, almost invariably expressing IgMl [8]. One study showed that
KSHV-positive endothelial cells can also be found in MCD lymph nodes, in both HIV-
positive and –negative patients [9].

Systemic symptoms in MCD are thought to be due to production of excess cytokines, and in
particular interleukin-6 (IL-6). Notably, KSHV produces a protein that is a homologue of
IL-6, called viral IL-6 (vIL-6), which could possibly contribute to the symptoms, as it is
expressed in MCD in scattered plamablasts surrounding the lymphoid follicles [10; 11; 12],
and expression of this viral cytokine may confer a worse prognosis [13]. Lytic antigens are
also expressed more frequently in KSHV-infected cells in MCD that in other disorders
associated with this virus, suggesting that lytic viral replication may be a feature of MCD
[14]. It is possible that MCD falls in the spectrum of KSHV-associated lymphadenopathies,
as we have identified patients with HIV-associated lymphadenopathy that have KSHV-
infected cells appreciated in lymph node biopsies, without all the defining pathologic
characteristics of MCD. Furthermore, an IL-6-related systemic inflammatory syndrome has
been reported in patients with HIV and KS, but without a pathologic diagnosis of MCD [15].

2.2 AIDS-Related Lymphoma (ARL)
Non-Hodgkin lymphomas (NHL) are considered an AIDS-defining condition and represent
the second most common malignancy in individuals with HIV infection. The incidence has
been decreasing with combination antiretroviral therapy (ART) but remains a problem.
Recently a standardized incidence ratio (SIR) of around 15 was reported for the United
States (US) [16], where it remains the most common cancer-related cause of death in HIV-
infected individuals (36% of deaths during 1996–2006)[17]. Although not an AIDS-defining
condition, the incidence of Hodgkin lymphoma (HL) is also increased in HIV-infected
individuals [16]. The pathogenesis of NHL in the context AIDS is complex and thought to
be related to disrupted immune surveillance to tumor antigens, as well as to genetic
alterations, chronic antigenic stimulation, and cytokine dysregulation [18; 19; 20]. Also
playing an important role in the pathogenesis of AIDS-related lymphoma is infection with
EBV and/or KSHV.

Although HIV-related lymphomas are almost always of B cell origin, they are
morphologically diverse. Several subtypes are similar to lymphomas occurring in
immunocompetent patients, while others preferentially develop in the context of AIDS.
HIV-related lymphomas can be classified by morphology, and/or by primary site of
presentation (i.e. systemic, primary central nervous system, body cavity) [20; 21]. They
include lymphomas that also occur in immunocompetent patients, those that are more
common in HIV-positive patients and those occurring in other immunodeficient states.

The most common types of AIDS-related lymphoma are:
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HIV-related Burkitt lymphomas (BL)—These include cases exhibiting the features of
classical BL, those showing plasmacytoid differentiation and those exhibiting greater
nuclear polymorphism, which in the past were referred to as atypical Burkitt or Burkitt-like
lymphoma. Translocation of MYC into one of the immunoglobulin (Ig) loci is a hallmark of
this disease. The most common translocation is a t(8;14), involving the MYC and
immunoglobulin heavy chain (IGH) genes, but in 10% of the cases it can involve c-myc and
one of the Ig light chain genes. The method of choice to demonstrate this translocation is
fluorescent in situ hybridization (FISH) using a break-apart probe, which will show a split
signal regardless of the translocation partner. It is thought that this translocation leads to
deregulated expression of the c-myc gene. While in a small minority of cases this
translocation cannot be demonstrated by FISH, it is likely that MYC is nevertheless
deregulated in true BL. In fact, mutations in the c-myc locus also occur in BL [22], and may
also lead to abnormal expression or prolonged protein stability. In the absence of a
demonstrable MYC translocation, the histology and phenotype must be otherwise
completely typical for a diagnosis of BL. Critical immunophenotypic criteria for a diagnosis
of BL are positivity for B cell antigens, CD10, BCL6, and negativity or only weak positivity
for BCL2. Importantly, BL is one of the fastest growing tumors in humans, which can be
shown with Ki67 immunohistochemistry that will stain practically all the tumor cells.

Diffuse large B cell lymphomas (DLBCL)—These can be divided into centroblastic
(CB) and immunoblastic (IB) categories. The IB type is more frequently associated with
EBV infection, with reported rates approaching 90%. Patients with the IB variant have
advanced AIDS and are significantly immunosuppressed, so the frequency of this subtype
has dramatically decreased with the widespread use of ART in the US and Europe. Primary
central nervous system (CNS) lymphoma is very similar to the IB variant in that it has an
immunoblastic morphology, frequent EBV infection, and has been decreasing in frequency.
CB-DLBCL in HIV+ patients is similar to DLBCL in immunocompetent individuals, with
the exception of more frequent association with EBV in the former (30% vs. <5%). They
can be similarly divided into germinal center and non-germinal center subtypes, although the
clinical significance of this subclassification remains controversial and may be treatment-
dependent [23; 24; 25].

B-cell lymphoma, unclassifiable, with features intermediate between DLBCL
and BL—These are aggressive lymphomas that do not fit cleanly into the DLBCL or BL
categories [26]. Previously, some of these cases were classified as Burkitt-like lymphoma.
The presence of MYC translocations in an otherwise typical DLBCL or the lack of MYC in
a typical BL, is not sufficient to place into this category. Rather, an unusual morphology or
phenotype, or a combination, should be used. This appears to be a heterogeneous category,
useful only for classification purposes. Some of these may belong to a separate molecular
category, which is that lymphomas with MYC translocations plus a complex karyotype. In
addition, some of these cases may correspond to those cases classified as BL, but upon gene
expression profiling do not have a Burkitt signature [27; 28]. The true frequency of EBV in
this category is unclear, but both EBV positive and negative cases can be found.

Hodgkin’s lymphoma (HL)—This disease is increased in incidence in AIDS[29], and the
proportion of HL appears to be further increasing with patients surviving longer and with
higher CD4 counts [29]. Approximately 30% of HLs are positive for EBV in
immunocompetent individuals, but this proportion is increased in underdeveloped countries
and in immunodeficient patients. In the context of HIV, nearly all cases of HL are associated
with EBV infection. While the nodular sclerosis subtype is more common in the general
population, in HIV+ patients, most correspond to either the mixed cellularity or lymphocyte
depleted forms of HL [21; 30].
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Primary effusion lymphoma (PEL)—This is a lymphoma subtype occurring primarily,
albeit not exclusively, in HIV-positive patients. PELs are characterized by the presence of
KSHV within the tumor cells, and the vast majority also contain EBV [31; 32]. Another
important feature is the lack of expression of B cell-associated antigens, in spite of a B cell
genotype. These are rare tumors, accounting for only approximately 4% of all HIV-related
NHLs. They usually present as an effusion involving one or more of the pleural, peritoneal
and pericardial spaces. While the majority lacks an associated tissue mass at presentation, in
about one third of the cases dissemination to extracavitary sites occurs. In addition to the
typical primary effusion lymphomas, KSHV is present in the tumor cells of a subset of
AIDS-related lymphomas with no evidence of body cavity involvement. In our experience,
these represent approximately 5% of all AIDS-NHLs and they typically have the
morphology of immunoblastic lymphoma but like PELs, they frequently lack of expression
of B cell antigens and are commonly co-infected with EBV [33].

Plasmablastic lymphoma (PBL)—This is an aggressive malignancy first reported in the
oral cavity of HIV-infected individuals, but can also occur in other sites, as well as in
conjunction with other immunodeficient states. The vast majority of cases in the oral cavity
are EBV-infected, but in other sites EBV can be found in around 75% of cases. The
immunophenotype is that of plasma cells, with expression of monotypic cytoplasmic
immunoglobulin in the majority, but not all cases. The stringency of the criteria used for
classification of PBL has varied over time, leading some studies to use a very strict
definition (including presentation in the oral cavity and presence of EBV) which has resulted
in this tumor being considered extremely rare [34], to a more general definition provided by
the WHO that accepts EBV-negative cases and extra-oral presentation, as long as the
morphology and immunophenotype is that of B immunoblasts or plasma cells [35].

Lymphoma arising in KSHV-associated multicentric Castleman’s disease
(MCD)—These lymphomas been described mainly as occurring in HIV positive patients [6],
and have also been called plasmablastic lymphomas. However, they differ from the PBL
category in that they are KSHV, rather than EBV, positive. These lymphomas are different
from PEL in a number of ways. Lymphomas arising in KSHV-associated MCD are EBV
negative, do not contain mutations in the immunoglobulin genes, and are thought to arise
from naïve IgM lambda-expressing B cells rather than terminally differentiated B cells. A
different entity has also been reported, called germinotropic lymphoproliferative disorder, in
which germinal center B cells are co-infected with EBV and KSHV [36].

Polymorphic B-cell lymphomas—These are extremely rare lesions but
morphologically resemble polymorphic post-transplantation lymphoproliferative disorders
(PTLDs).

2.2 Post-transplant lymphoproliferative disorders (PTLD)
Post-transplantation lymphoproliferative disorders (PTLDs) develop in the setting of
immunosuppression following solid organ transplantation (SOT) or allogeneic bone marrow
transplantation (BMT). The incidence of this disease rages between 0.3 to 12.5%, based on
the type of organ transplanted as well as on the type and amount of immunosuppression
employed. Children have a higher incidence than adults. Patients with SOT PTLDs, have a
variable clinical outcome, and some of the lesions can regress following a reduction of
immunosuppression and others requiring aggressive treatment. In contrast, patients who
develop PTLDs following allogeneic BMT usually have an aggressive, frequently fatal,
clinical course. As with other immunodeficiency-related LPDs, the development of PTLDs
in both SOT and BMT recipients is highly associated with EBV infection. Furthermore, the
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relative incidence of these lesions is higher in patients who are EBV negative at the time of
transplantation and don’t have underlying immunity to the virus [37].

Studies of PTLDs occurring in SOT recipients (primarily heart, kidney and lung recipients)
have shown that most of these lesions can be separated into three categories based on
morphologic and molecular genetic criteria. These categories correlate with the biologic
behavior of the lesions. Because of the special clinical setting, i.e. that of iatrogenic
immunosuppression that can be modulated, a unique classification scheme was originally
developed by Nalesnik, et al. [38], to describe the clinical course and outcome of SOT
PTLD patients, and subsequently modified by Knowles, et al. [39] and updated by the WHO
[37]. This classification divides cases into three major categories:

Plasmacytic hyperplasia (PH) and infectious mononucleosis (IM)-like PTLD—
These lesions show retention of the overall architecture of the tissue. They are more
common in children than adults, and the tonsils or adenoids are the most common site of
presentation. Genotypically these lesions in general are polyclonal based on Ig
rearrangement studies, or have small monoclonal/oligoclonal populations. The majority of
cases are EBV positive. These lesions do not contain structural alterations of known
oncogenes or tumor suppressor genes. Most of these regress following a reduction of
immunosuppression os spontanelusly in SOT patients, but some IM-like lesions can be fatal
[40].

Polymorphic PTLD—These lesions histologically show destruction of the underlying
architecture and are composed of a heterogeneous (polymorphic) cell population. At the
genetic level these lesions are monoclonal based both on immunoglobulin studies and the
presence of clonal EBV. Polymorphic PTLDs lack structural alterations in oncogenes and
tumor suppressor genes except for the presence of BCL6 gene mutations, which have been
identified in approximately half of the cases studied [41]. A variable proportion of these
cases in SOT patients regress with reduction of immunosuppressive therapy, but others
require chemotherapy [40].

Monomorphic PTLD lesions are composed of cytologically malignant cells and should be
classified according to standard lymphoma classification criteria. They are most frequently
of B cell origin, and the majority fit the classification for DLBCL, but less frequently can be
BL or plasma cell neoplasm, like multiple myeloma or plasmacytoma. They are monoclonal
based both on Ig and EBV clonality studies. Additionally, cytogenetic abnormalities are
common and they contain structural alterations in oncogenes and tumor suppressor genes
frequently involved in lymphomagenesis such as P53, N-RAS and MYC [39; 42].
Approximately half of these cases have hypermethylation of O-methylguanine-DNA
methyl- transferase (MGMT) [43]. MGMT is a DNA repair gene, so its lack of expression
due to hypermethylation could result in tumorigenesis by generating genetic instability and
acquisition of p53 and RAS point mutations. While the majority of monomorphic PTLDs
are associated with EBV infection, the proportion of negative cases increases with time after
organ transplantation, and most EBV-negative cases belong to this category [44].

2.3 Lymphoproliferation in other immunodeficiencies
LPDs have also been reported in the context of other iatrogenic immunodeficiencies (for
example in patients with autoimmune diseases). These are most commonly of B cell origin,
and can range from resemble polymorphic PTLDs, or lymphomas, most commonly
DLBCLs.

Patients with primary immune disorders also have an increased risk of developing EBV-
associated LPDs. Since there are many different primary immune disorders, the presentation
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and appearance of the lesions can vary greatly, and range from IM-like lesions to those
resembling those seen in AIDS patients, including DLBCL, HL and BL [45]. A particular
entity is lymphomatoid granulomatosis, an EBV-driven B cell tumor with extensive T cell
infiltration, which is increased in patients with Wiskott-Aldrich syndrome [46].

2.4 EBV-associated T and NK cell malignancies
In addition to the presence of EBV in LPDs of B cell origin, there is a strong association
between EBV infection and several non-B cell malignancies. More than 90% of cases of
aggressive NK-cell leukemia harbour EBV. This is a rare disease with higher prevalence in
Asians [47]. Extranodal NK-T cell lymphoma, nasal type, is another EBV-associated tumor.
This malignancy has also been called angiocentric T-cell lymphoma and lethal midline
granuloma. It is characterized by vascular damage, necrosis and a cytotoxic T cell
phenotype. It most commonly presents in the upper respiratory tract but can also occur in
other extranodal and nodal sites, with a higher incidence in Asians and Native Latin
Americans [48]. In children, two different T cell LPDs have been found to be associated
with EBV infection: 1) Systemic EBV-positive lymphoproliferative disease of childhood,
characterized by proliferation of EBV-infected T cells with an activated cytotoxic
phenotype; and 2) Hydroa vacciniforme-like lymphoma, an EBV-positive cutaneous T-cell
lymphoma associated with sun sensitivity [49].

3. Role of EBV in lymphomagenesis
3.1 Patterns of EBV latency in B cells

EBV is generally found in its latent form in lymphomas and lymphoproliferative disorders.
Although the pattern of EBV gene expression can vary significantly during latency, and
probably represents a spectrum, a simplified classification establishing three patterns of
latency has been used (Figure 2) [50]. In latency I, EBNA1 (necessary for maintaining the
episomal EBV) is the major viral protein expressed. This latency pattern is established in
infected B cells in healthy individuals. Latency III involves the unrestricted expression of all
9 latent genes including six EBV-encoded nuclear antigens (EBNA1-6), and three latent
membrane proteins (LMP1, LMP2A, and LMP2B). Latency II is an intermediate pattern
with expression of EBNA1 and varying and the other latent proteins, but lacking expression
of one of the two critical EBV transforming proteins (EBNA 2 in type IIa and LMP1 in type
IIb latencies) [51]. More recently, a different latency pattern was reported in BL in vivo;
approximately 15% of BL have a mutant EBV genomes that are deleted for EBNA2 and use
the Wp promoter, not usually used in BL, leading to expression of EBNA 3A, 3B, 3C
proteins, in addition to EBNA1, in the absence of EBNA2 and the LMPs. This type of
latency has been called Wp-restricted latency [52]. BL cells that have these deleted version
of EBV have a higher resistance to apoptosis, and this was found to be due to expression of
a viral BCL2 homologue, called BHRF1, which is normally a lytic gene [53]. Infection of B
cell in vitro leads to their transformation to lymphoblastoid cells (LCLs), which are
immortal in culture. These cells have a Latency III gene expression pattern, and have been
used extensively to study the function of many EBV genes.

In addition to these proteins, EBV expresses many non-coding RNAs. Among these classes
of RNA are the EBER 1 and EBER2, which are small non-coding RNAs expressed
ubiquitously and abundantly in EBV-infected cells, and because of these features they have
become a useful diagnostic technique for EBV infection using in situ hybridization. The
function of the EBERs has remained enigmatic. They appear to protect cells from apoptosis,
although they are not essential for transformation or maintenance of a transformed
phenotype in vitro [54; 55; 56]. In B cells, EBERs can upregulate the amount of interleukin
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10 mRNA [57], so they may play a role in transcriptional or posttranscriptional regulation of
this and other genes, and thereby indirectly provide tumorigenic functions effects.

MicroRNAS (miRs) are also expressed during EBV latency, and at least 22 EBV miRs have
been identified [56]. Specifically which miRs are expressed varies according to cell type and
experimental system. Different patterns of miR expression have been reported in BL, LCLs
and nasopharyngeal carcinomas (NPC). A cluster of miRs, encoded in the BamHI H region
of the genome, therefore called BHRF1 miRs, is not detected in NPC cells, but is expressed
in latency III B cells, but only at low levels in cells with type I latency I (Cai et al., 2006;
Xing and Kieff, 2007). While the functions of these multiple miRs are just beginning to be
elucidated, some interesting functions have started to appear. For example, it has been
recently demonstrated that the viral miRs of the BHRF1 locus inhibit apoptosis and favor
cell cycle progression and proliferation during the early phase of infected human primary B
cells [58].

3.2 EBV latency in lymphomas and immune recognition
With the exception of EBNA1, the EBNA proteins are immunogenic. Therefore, an
important feature of Latency III is the recognition and elimination of the EBV infected cells
by the immune system. Therefore, lymphomas with unrestricted EBV latency are mainly
encountered in immunodeficient individuals. In contrast, most lymphomas in
immunocompetent hosts will have Latency I or IIa, as down-regulation of the immunogenic
EBNA proteins is thought to be an important mechanism of immune evasion by EBV [59].
BL is characterized by type I latency, and HL by type IIa latency. Both of these diseases can
also be found in immunocompetent individuals. In fact, EBNA I, expressed in types I and II
latencies, have been shown to actively suppress antigen presentation [60; 61].

3.3 Molecular mechanisms of EBV mediated transformation
Lymphoproliferative disorders with type I latency include BL, some ARL and some
monomorphic PTLDs. In these, only EBNA1 and EBERs are expressed, and other driving
oncogenic alterations are present. EBNA1 is clearly essential for viral genome maintenance
[62], and thereby has a critical function. While its role in transformation has been long
debated, EBNA1 transgenic mice have an increased incidence of lymphomas [63], and
infection of B cells with EBNA1-deleted EBV leads to the development of LCLs with
markedly reduced efficiency as compared to wild type EBV [64]. Two studies have shown
that EBNA1 can provide growth and survival effects to BL cells in culture [65; 66].
Lymphomas with Latency I bear cellular oncogenic alterations, such as translocations
involving the c-myc oncogene characteristic of BLs, as well as frequent mutation of P53
[67; 68; 69]. It is likely that EBNA1 protects from apoptosis in the context of deregulated
cMYC expression. This protection from apoptosis would be further enhanced by expression
of the BCL2 homolog BHRF1 in cases with Wp-restricted latency [53].

Other types of lymphoproliferative disorders with type I EBV latency are PEL and DLBCL
in patients with AIDS and transplant recipients [70; 71; 72]. In these lymphomas, additional
transforming events exist. In PEL, the KSHV genome produces several potentially
oncogenic proteins, and in DLBCL, BCL-6 is frequently translocated and other genetic
alterations are present, including cMYC and BCL2 translocations, as well as P53, N-RAS
and A20 mutations.

In tumors with type II and III latency, EBNA2 and/or LMP1 proteins are expressed, both of
which are essential for transformation by EBV in vitro. EBNA2 is thought to represent a
constitutively active member of the Notch signaling pathway [73; 74]. The LMP1 protein is
transforming and tumorigenic in vitro [75], and in vivo. Transgenic mice expressing LMP1
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under the control of immunoglobulin gene regulatory elements develop B-cell lymphomas
[76]. LMP1 functions as a constitutively active TNF (tumor necrosis factor)-receptor. LMP1
aggregates in the membrane as its cytoplasmic tail interacts with TNF receptor-associated
factors (TRAFs) and TNFR-1-associated death domain protein (TRADD), leading to
activation of nuclear factor (NF-κB) and the c-Jun amino-terminal kinase (JNK) [77; 78;
79]. In ARL, LMP2A also contributes to NF-κB signaling by controlling TRAF2
expression, which in turn is important for LMP1 signaling [80]. Both LMP1 and LMP2A are
important for the survival of type III lymphoma cells: knock down of either of these proteins
with RNA interference results in NF-kB downregulation and apoptosis [80].

4. Mechanisms of transformation by KSHV
The consistent presence of KSHV in PELs suggests that it is necessary for their
development. However, PELs are rare tumors, even in populations with high KSHV
seroprevalence, so it is evident that KSHV infection represents only one of several events
involved in the development of PEL. Another co-factor appears to be EBV, because most
PELs contain both viral genomes. The majority of PELs in vivo, as well as in culture, are
latently infected with both viruses. As mentioned above, analysis of the pattern of EBV gene
expression in PELs revealed that only EBNA1 was expressed, corresponding to Latency I
[70; 71]. In addition, PELs lack structural alterations in most cellular-transforming genes
frequently involved in lymphomagenesis, with the possible exception of mutation in the
regulatory region of Bcl-6 [32; 81]. Our current understanding supports the concept that
KSHV plays a transforming role in PELs, and that expression of a handful of genes is
important for proliferation and survival of infected tumor cells. Three viral gene products
are clearly expressed in all latently infected cells from a single promoter in a tricistronic
transcript, which are LANA, vCYC and vFLIP. However, other viral gene products have bee
shown to be expressed in selected cell types of subsets of cells in some lesions. The viral
product that appear to be important in PEL and MCD pathogenesis are the following:

LANA-1—This protein is essential for episome maintenance, but also has the ability to
affect several pathways that are involved in tumorigenesis: it can bind and inactivate the
retinoblastoma (Rb) protein [82], and similarly bind and inactivate p53 [83]. LANA-1 can
also bind and inactivate GSK3b, leading to activation of the b-catenin pathway involed in
solid tumors [84], and through this pathway stabilize the cMYC protein [85]. LANA-1 has
also been show to have transcriptional effects on a variety of viral and cellular genes,
including IL-6, hTERT, Pim1, and the TGFbeta type II receptor [86; 87; 88; 89; 90].
Monoclonal antibodies to LANA are commercially available, and these have been very
useful for immunohistochemical diagnosis of KS, PEL and MCD [91].

vCYC (v-cyclin)—This protein is a functional cyclin that can associate with CDK6 and
induce phosphorylation of retinoblastoma (Rb) protein and overcome Rb-mediated cell-
cycle arrest [92; 93]. vCYC differs from the cellular cyclin D in its ability to induce
degradation of the CDK inhibitor p27Kip when complexed with CDK6 [94; 95]. Therefore,
vCYC is likely to modulate cell cycle in PEL cells, avoiding normal regulatory checkpoints.
Transgenic mice with vCYC develop lymphomas, but only in the absence of p53, and a
model has been proposed whereby vCYC induces genome instability and that loss of p53
subsequently allows expansion of tumorigenic clones [96; 97]. Genomic instability may be
an inevitable consequence of latent KSHV infection, as a result of vCyc–CDK6-mediated
phosphorylation of nucleophosmin (NPM1) [98; 99].

vFLIP (K13)—This protein is homologous to cellular FLICE/caspase 8 inhibitory protein
(cFLIP) [100], which can inhibit apoptosis induced by death receptors. vFLIP can activate

Cesarman Page 8

Cancer Lett. Author manuscript; available in PMC 2013 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



NF-κB though both the classical and alternative pathways by binding to IKKγ and TRAF2
[101; 102; 103; 104]. Through this mechanism, vFLIP induces expression of anti-apoptotic
genes and protect cells from Fas-induced cell death in vitro and in vivo [105; 106]. vFLIP
protects PEL cells from spontaneous apoptosis is essential for tumor cell survival in vitro
[106; 107]. It also protects B cells from autophagy by binding to Atg3 [108]. vFLIP
transgenic mice develop B cell malignancies when expressed in B cells, and accelerates the
development of cMYC induced lymphomas [109; 110; 111]. In addition to its anti-apoptotic
function, NF-κB prevents lytic reactivation [112], and therefore vFLIP may play a role in
maintaining viral latency [113].

LANA-2 (vIRF-3)—This protein is expressed in latency in PEL, although not in Kaposi’s
sarcoma. It was shown to potently inhibit p53 in reporter assays [114], thereby inactivating
this tumor-suppressor pathway. While LANA-2 is not a DNA-binding protein, it is recruited
to the interferon promoters via its interaction with cellular IRF-3 and IRF-7, and stimulates
their transcriptional activity [115].

vIL-6—This viral protein is a homolog of cellular IL-6, but differs from the latter in that it is
selectively glycosylated and can bind the gp130 receptor in the absence of the high affinity
IL-6 receptor to activate IL-6-responsive genes and promote B-cell survival [116; 117; 118].
vIL-6 is considered to be a lytic gene because its expression is increased upon lytic
reactivation. However, it is expressed by a variable but significant proportion of latently-
infected PEL cells as well as in MCD. Considering the fact that this protein can be secreted,
it may affect other tumor and reactive cells that don’t express it, and play a role in their
proliferation and clinical manifestations.

K1—This protein has an ITAM motif that can activate cytoplasmic tyrosine kinases and
mimic signaling by the B-cell antigen receptor [119]. K15 contains a variable number of
transmenbrane regions and cytoplasmic SH2 and SH3 domains. K1 can activate the MAP
kinase and NF-κB signaling pathways and have potential antiapoptotic functions [120; 121].
K15 has also been shown to activate the Akt and Src kinases [122; 123]. Therefore, it
appears to have very broad signaling capabilities. While this protein is clearly upregulated
during lytic replication, it was also reported to be expressed at low levels during latency
[124]. K1 has been shown to be tumorigenic in a model where it was found to induce
lymphomas in common marmosets when replaced for the saimiri transforming protein (STP)
[125], as well as tumors in transgenic mice [126].

Kaposins—The kaposin region is complex; it contains a small coding region (K12)
preceded by two families of two direct repeats (DR1 and DR2), and is transcribed
potentially encoding three proteins, called Kaposin A, B, and C [127]. Kaposin B,
encompassing DR1 and DR2, appears to be expressed in KS and some PEL cells [127], but
not others [128]. This protein has potentially transforming functions, including activation of
the p38 pathway and stabilization of cytokine mRNAs: kaposin B-mediated activation of
MK2 blocks the decay of mRNAs with AU-rich elements (AREs) in their 3′ untranslated
regions, and because several cytokine mRNAs have ARE elements, kaposin B expression
results in an increase in the production of pro-inflammatory cytokines [129]. Kaposin A also
has been reported to be transforming [130], and can signal by recruiting cytohesin 1 to the
plasma membrane [131]. Further complexity in this locus arises from RNA editing that can
render the transcript encoding Kaposins A and B non-transforming [132].

K15—This open reading frame encodes a protein with complex splicing and multiple
transmembrane motifs, structurally resembling EBV LMP-2A. It has SH2 and SH3 motifs,
and also a TRAF binding motif, and can also activate signaling cascades that include NF-κB
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and MAP kinase [120]. Also like EBV LMP-2A, K15 can inhibit B cell receptor signaling
[133]. K15 protein has been found to be present in most latently infected cells by one study
[121], but the RNA expression data is controversial, most studies arguing for lytic
expression. K15 has been shown to have anti-apoptotic functions [121].

KSHV microRNAs—At least 12 miRNAs are encoded by KSHV, which cluster in the
K12/Kaposin genomic locus and are expressed in latently infected cells [134; 135; 136;
137]. The function of these miRs is rapidly being elucidated, and recent studies have
revealed interesting functions that are very relevant to KSHV pathogenesis. For example,
miR-K1, targets IκBα, an inhibitor of NF-κB. Therefore, it may strengthen the NF-κB
activity induced by vFLIP, thereby promoting cellular survival [138]. miR-K1 also targets
cellular mRNAs encoding the cellular cyclin-dependent kinase inhibitor p21, thereby
preventing cell cycle arrest [139]. The KSHV-encoded miR-K12-11 is an ortholog of
cellular miR-155, which plays an important role in B cell transformation and differentiation
[140; 141].

5. Conclusions and future perspectives
EBV and KSHV are both lymphotropic herpesviruses, and as such, they are involved in they
are capable of infecting lymphocytes, and causing lymphoproliferative disorders. These are
more frequently of B cell origin reflecting the natural viral tropism. Which evolution has led
to a balance where many of us are infected with these viruses without even knowing it,
problems arise when this balance is broken. The mechanisms that EBV and KSHV have
acquired to ensure the survival of the cell they call home, can also lead to the uncontrolled
proliferation of this cells, leading to the development of lymphoproliferations that can range
from controllable disease to a highly aggressive malignancy. Understanding the mechanisms
involved in this fine balance, and developing the tool to manipulate it, have already resulted
in improved treatment of patients with EBV-associated malignancies. For example, adoptive
immunotherapy is already in use for the treatment of patients with PTLD, where EBV-
specific cytotoxic T cells are infused [142]. Understanding the mechanisms whereby viral
gene products affect tumor cell survival and proliferation are shedding light about important
cellular proteins and pathways that could be targeted, such as NF-kB, mTOR, notch and NF-
kB, potentially leading to improved treatment. In addition, this understanding provides a
unique opportunity to develop new therapies that directly target the virus. High throughput
screening methodologies have begun to lead to the discovery of inhibitors of potential viral
oncoproteins, such as for EBNA1 [143]. The approach of specifically targeting EBV or
KSHV, hopefully eliminating all cellular toxicities, is likely to be the therapy of choice in
the future.
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Figure 1. Infection with EBV or KSHV in malignancies occurring in patients with
immunodeficiency
The major subtypes of lymphoproliferative are shown in boxes, with arrows indicating the
cause of immunodeficiency and the most common associations. Percentage of EBV
infection is an approximation based on a compilation of the literature and the author’s
personal experience, and reflects only the proportion of cases in the context of HIV
infection; these numbers are much lower for MCD, DLBCL and HL in individuals without
overt immunodeficiencies. Abbreviations: MCD: Multicentric Castleman’s disease, PH:
plasmacytic hyperplasia, PBCH: polymphrphic B cell hyperplasia, PEL: primary effusion
lymphoma, BL: Burkitt lymphoma, PBL: plasmablastic lymphoma, DLBCL: Diffuse large
B cell lymphoma.
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Figure 2. Major patterns of EBV and KSHV latent gene expression in lymphoproliferative
disorders
The main EBV latency patterns and the most common lymphoproliferative disorders in
which these patterns are seen are illustrated. The KSHV proteins that are uniformly
expressed in PEL and MDC are shown in the right.
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