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Abstract

While the use of long-term antiretroviral therapy (ART) has improved immune function and
reduced the incidence of some malignancies in human immunodeficiency virus (HIV-1) infected
patients, this is not the case for non-Hodgkins lymphoma, an AIDS-defining cancer, and Hodgkin
lymphoma, a non-AIDS defining cancer. Epstein-Barr virus (EBV) is an independent factor that
adversely affects risk and/or survival among patients with Diffuse Large B cell Lymphoma (DLBCL)
or classical Hodgkin lymphoma in immunocompetent patients as well as in HIV-1 infected
individuals on ART. While cells infected with EBV in EBV-associated malignancies generally express
one type of the latency programs, a small number of cells in these tumors are expressing EBV genes
associated with lytic replication of the virus, which suggests that products from lytic or abortive-lytic
replication may contribute to lymphomagenesis. However, the potential roles of these proteins in
lymphomagenesis remain unclear. In this study we demonstrate that the EBV deoxyuridine
triphosphate nucleotidohydrolase (dUTPase), an early protein produced during abortive/lytic EBV
replication, is expressed in nasopharyngeal carcinoma (NPC) tumors in a mouse model of NPC, an
EBV associated malignancy. Furthermore, screening of sera from 4 cohorts of patients diagnosed
with AIDS, DLBCL, NPC and breast cancer (BC) by ELISA revealed an increase in IgG antibodies
to the EBV-dUTPase in a subset of patients with AIDS, DLBCL and NPC relative to the controls.
Finally, using an in vitro model of EBV infection we demonstrate that the EBV-dUTPase also inhibits
T-cell function thus, allowing the proliferation of EBV immortalized B-cells. Altogether, our data
support the premise that the EBV-dUTPase can modulate host immune responses and potentially
alter the tumor microenvironment by promoting the survival/proliferation of immortalized B-cells,
which may lead to lymphomagenesis.

Keywords: Introduction

It is estimated that approximately 35 million people

Epstein-Barr virus, dUTPase, lymphomagenesis
worldwide and 1 million in the U.S. are infected with human
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immunodeficiency virus (HIV) [1, 2]. While the use of
long-term antiretroviral therapy (ART) has improved immune
function and reduced the incidence of some malignancies in
HIV-infected patients, this is not the case for non-Hodgkin’s
lymphoma (NHL), an AIDS-defining cancer, or Hodgkin
lymphoma (HL), a non-AIDS defining cancer [3-11].
Epstein-Barr virus (EBV) is an oncogenic herpesvirus,which
infects a significant percentage (>95%) of the population world-
wide. EBV establishes latency in B-cells following primary in-
fection, where one of four latency gene expression programs
may function but no new virus is produced. However,
reactivation of the latent virus may occur multiple times during
a personss lifetime resulting in abortive lytic /lytic replication
which is necessary for transmission and maintenance of a
persistent infection.

EBV has been demonstrated to be an independent factor
that adversely affects risk and/or survival among patients
with Diffuse Large B cell Lymphoma (DLBCL) or classical
Hodgkin lymphoma (cHL) in immunocompetent patients
[12-18] as well as in HIV-infected patients on ART
[3,5,6,9,19]. Studies to examine immune responses to
EBV as well as the role of EBV encoded proteins in cellular
transformation have focused primarily on those proteins and
RNAs expressed during the various forms of latency. These
studies have demonstrated unequivocally the role of latent
membrane proteins (LMP) -1 and -2A in the transformation
process and the immunological response of the host to these
proteins [20,21]. Numerous studies have demonstrated the
importance of the tumor microenvironment in contributing
to tumor growth and progression. Within this environment
stromal cells, immune cells and vascular cells “cross-talk” with
tumor cells. While cells infected with EBV in EBV-associated
“tumors” are generally expressing one type of the latency
programs, a small number of cells in these tumors are
expressing EBV genes associated with lytic replication of the
virus [22-29], suggesting that products from lytic or
abortive-lytic replication of EBV may contribute to tumor
growth/survival. Data from in vitro studies as well as studies
using SCID and humanized mouse models support this premise
[30-33]. Thus, virus encoded proteins expressed under
these conditions could be regarded as potential targets for
treatment. However, the potential role of these Iytic
replication-associated proteins in immune evasion in
immunocompetent or immunosuppressed individuals as well
as in promoting tumor growth/survival of malignant cells is
unknown.

We have identified a new class of pathogen-associated
molecular pattern (PAMP) proteins, deoxyuridine triphos-
phate nucleotidohydrolases; (dUTPases) that have novel
immunoregulatory functions that may contribute to the
pathophysiology of diseases caused by these viruses [34-40].
Using the EBV-dUTPase as the prototype, our studies have
demonstrated conclusively that the EBV-dUTPase possesses,
independent of its enzymatic activity, novel functions acting

as a PAMP for toll-like receptor (TLR) 2 leading to the
activation of NF-kB and subsequent modulation of
downstream genes involved in oncogenesis, chronic
inflammation, effector T-cell function and neurotransmitter
function [35-40]. These studies have shown that the EBV-dUT-
Pase is secreted from B-cells (plasma cells) in exosomes during
abortive-lytic replication of EBV[39] and that the EBV-dUT-
Pase protein induced a significant increase in the secretion of
the pro-inflammatory T, 1/T 17 cytokines IL-1p, IL-6, IL-8,
IL-12p70, TNF-a and IFN-y as well as the anti-inflammatory
cytokine IL-10 in human dendritic cells and PBMCs [2-4,6].
These results suggest that the EBV-dUTPase may be acting as
an intercellular signaling molecule capable of modulating the
cellular microenvironment.In the present study we
demonstrate that: (i) the BLLF3 gene, which encodes for the
dUTPase, is expressed in an in vivo model of nasopharyngeal
carcinoma (NPC), (ii) EBV-dUTPase specific antibodies are
elevated in AIDS patients as well as patients with DLBCL or
NPC, and(iii) the EBV-dUTPase up-regulates the expression of
microRNA-155, which is associated with aberrant inflammato-
ry responses as well as oncogenesis. Furthermore, using an in
vitro model, we demonstrate that the EBV-dUTPase impairs
the functional activity of EBV-specific T-cells to eliminate EBV
infected B-cells. These results suggest that the EBV-dUTPase-
may play a novel role in the establishment of a microenviron-
ment that could contribute to the pathophysiology of EBV-as-
sociated diseases, including lymphomagenesis.

Material and Methods

Reagents.The NF-«B luciferase promoter construct pNF-«B-
Luc and the transfection control reporter vector pRL-TK, were
purchased from Clontech Laboratories, Inc., (Mountain View,
CA), and Promega (Madison, WI), respectively. pGL3BIC/miR-
155promoter construct was a generous gift from Dr. E. Flem-
ington (Tulane University, New Orleans, LA). pCMV-cFosand
pCMV-cJun expression constructs were a gift from Dr. Phillip
Buckhaults (University of South Carolina, Columbia, SC).

Purification of the EBV-dUTPase

Detailed methods for the purification of the EBV-dUT-
Pase have been previously reported [35, 40]. All EBV-dUT-
Pase preparations were tested as described previously [35] and
were free of detectable levels of LPS, peptidoglycan (SLP-HS),
DNA or RNA. Protein concentration was determined with
a Coomassie Brilliant Blue dye-binding assay (Bio-Rad
Laboratories, Hercules, CA) using bovine serum albumin as
the standard. The purified EBV-dUTPase used in these studies
was stored at -80°C at stock concentrations of 0.2 mg/ml and
0.5 mg/ml.

EBV-dUTPase Neutralization Assays

EBV-dUTPase assays were performed as described
previously [38]. Briefly, 5 ul of human serum was mixed with
5 ul of purified-dUTPase (3-5 units of enzyme) for 30 min
at room temperature prior to assaying for enzymatic
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activity as described previously [38]. For positive controls,
assays were performed in the presence of human serum lacking
anti-EBV-dUTPase antibodies; while negative controls lacked
EBV-dUTPase. A unit of EBV-dUTPase activity was defined as
the amount of enzyme required to convert 1 nmole of dUTP to
dUMP and pyrophosphate/min/ml of enzyme at 37°C. Serum
with neutralizing units greater than or equal to two standard
deviations from the control were considered positive for
neutralization.

NPC Mouse Model

C666-1, an EBV genome positive NPC cell line [41], was
grown and maintained in RPMI 1640 supplemented with 10%
fetal bovine serum, penicillin (100 U/ml) and streptomycin
(100 pg/ml). SCID mice (males 6-8 weeks old, Jackson
Laboratories) were injected subcutaneously with C666-1 cells
(2 x 10°) and sacrificed 25 days post-inoculation. Tumors were
isolated, RNA extracted and examined for the expression of
BALF5 (DNA polymerase), EBNA1 (Epstein-Barr nuclear
antigen 1), LMP1 (Latent membrane protein-1), BZLF1
(Zebra protein) and BLLF3 (dUTPase). All procedures were
performed in accordance with NIH Guidelines for the Care
and Use of Laboratory Animals and approved by The Ohio
State University Institutional Laboratory Animal Care and Use
Committee.

RNA Extraction and Quantitative Real-time PCR

Total RNA from SCID mice tumors was extracted using
TRIzol reagent (Invitrogen) according to the manufacturer’s
protocol. First-strand ¢cDNA synthesis was performed using
random primers and MultiScribe reverse transcriptase (Applied
Biosystems). A cDNA sample (50-ng) was examined by
qRT-PCR for BLLF3, BZLF1, BALF5, EBNA1 and LMP1 levels
using ABI custom TagMan gene expression assays [42, 43]. The
sequences of primers and TagMan probes used are as follow.

BLLF3 - Forward primer (F): 5-GGACGTCAGCCT-
GACCAACT-3, Reverse primer (R): CAGAAGCG-
CCGGTACTTGTT-3, Probe: 5-(6FAM)-CCAGAC-
CGTGTTCCT-(TAMRA)-3’BZLF1- F:

5AATTTAAGAGATCCTCGTGTAAAACATCT-3;
BZLF1-R: 5-GCGCCTCCTGTTGAAGCA-3,
5’-(6FAM)-AATGGAGTCAACATCCAG-(TAM-
RA)-3’ BALF5-F: 5-CGGAAGCCCTCTGGACTTC-3;
BALF5-R:  5-CCCTGTTTATCCGATGGAATG-3, Probe:
5’-(6FAM)-TGTACACGCACGAGAATGCGCC-(TAM-
RA)-3. EBNAI-F: 5-TACAGGACCTGGAAATGGCC-3;
EBNAI-R:  5-TCTTTGAGGTCCACTGCCG-3,  Probe:
5’-(6FAM)-AGGGAGACACATCTGGACCAGAAG-
GC-(TAMRA)-3. LMPI-F: 5-CAGTCAGGCAAGCCTAT-
GA-3, LMP1-R: 5-CTGGTTCCGGTGGAGATGA-3; Probe:
5’-(6FAM)-GTCATAGTAGCTTAGCTGAAC-(TAMRA)-3.
Samples were normalized to the endogenous control GAPDH
and expressed as the mRNA expression levels relative to
untreated control using the AACt method. All reactions were
performed in triplicate on an ABI 7900HT System.

Probe:

Cell culture

Human embryonic kidney 293 (HEK293) cells stably
expressing human TLR2 were purchased from Invivogen (San
Diego, CA). Cells were maintained in DMEM supplemented
with L-glutamine (2 mM), HEPES (10 mM), sodium pyruvate
(1%), and 10% FBS, plus blasticidin (HEK293-TLR2).

Human peripheral blood mononuclear cells (PBMCs)
from healthy subjects were obtained from Astarte Biologics
(Cat#1001 Lot # 17040C12).

U1 cells, a subclone of the HIV-1-infected monoblastoid
cell line U937, were maintained in RPMI 1640 medium
supplemented with 100% fetal calf serum, penicillin
(250 U/ml) and streptomycin (250 g/uml). ACH-2 cell line is
a HIV-1-infected CEM T cell clone (A3.01) with one integrat-
ed proviral copy. ACH-2 cells were maintained in RPMI 1640
supplemented with 10 mM HEPES, 2 mM L-glutamine, 90%;
heat inactivated fetal bovine serum, 10%. Ul and ACH-2 cell
lines were obtained from the NIH AIDS Research and Reagent
Program, Division of AIDS, NIAID.

Luciferase Reporter Gene Assays

TLR2-HEK293 expressing cells (2.5 x10°) were seeded
into 12-well plates and transiently transfected 24 h later using
lipofectamine transfection reagent (Invitrogen; Carlsbad,
CA), as we have previously described [37, 40]. Briefly, cells
were transfected with pBIC/miR155 promoter-Luc, pRL-TK
reporters and co-transfected with 0.5 pg of Fos and Jun,
p65NFKB expression vectors, a combination thereof or empty
vector. After 24-36 h following transfection, cells were
treated with purified EBV-dUTPase (10 pg/ml) for 8 h or left
untreated. Cell lysates were prepared and reporter gene
activities were measured using the dual-luciferase reporter
system (Promega, Madison, WI). Data was normalized for
transfection efficiency and reporter activity expressed as the
mean relative stimulation + SD.

EBV Specific T-Cell Assay. EBV specific T-cell assays
were performed as described previously [44]. Briefly,
PBMCs were obtained from five healthy human donors through
an Ohio State University-approved IRB protocol. PBMCs
were isolated by density gradient centrifugation using
Histopaque-1077 (Sigma) by standard procedures and cultured
in RPMI 1640 medium containing 20 % fetal bovine serum.
Cells were cultured at a density of 7x10° cells/ml using
24-well tissue culture plates and infected with 10° transforming
units of the B95-8 strain of EBV. For those studies in which
the EBV-dUTPase protein was employed, it was added
simultaneously with the virus at various concentrations (0, 0.1,
1 or 10 pg/ml) and replenished every 3 days for a period of two
weeks. Half of the medium was exchanged every three days.
After 28 days, cells were harvestedand cell number determined.

HIV-1 Induction Assay

Ul and ACH-2 cells (2x10°cells/well) were seeded in 6-well
tissue culture plates and treated with various concentrations
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(0-10 pg/ml) of EBV-dUTPase recombinant protein for 48 h.
Following treatment, cells were collected, lysed and protein
extracts from untreated or EBV-dUTPase treated cells were
analyzed for HIV-1 p24 and HIV-1 gp41 levels by western blot.

Western Blot Analysis

Whole cell lysates from untreated or EBV-dUTPase treated
Ul and ACH-2 cells were prepared in 100 plof RIPA buffer,
containing 2 mM PMSF and a protease inhibitor cocktail
(Sigma Chemical Co. St. Louis MO), and protein
concentration determined as described above. Protein extracts
(25 pg) were size-fractionated in 12 % polyacrylamide gels
under standard SDS-PAGE conditions (160 V for 1 h), and then
transferred onto PVDF membranes (Bio-Rad Laboratories,
Hercules, CA) using a Transblot apparatus (Bio-Rad) for 20’
at 15 V. Following protein transfer, membranes were blocked
with 5% dry-milk in TBS-T for 1 h and analyzed for HIV-1
p24 and HIV-1 gp41 protein levels by immunoblotting using
AIDS patient sera overnight at 4°C followed by incubation with
anti-human-IgG horseradish peroxidase (HRP)-conjugated
secondary antibody (Sigma Chemical Co. St. Louis MO) at
1:10000 dilution in blocking buffer (1 h at room temperature).
Finally, the protein bands were visualized using the enhanced
chemiluminescence detection system (ECL Western blotting
detection reagents, GE Healthcare).

Results
BLLF3 is expressed in EBV-associated NPC tu-
mors and anti-EBV-dUTPase antibodies are pres-

ent in sera of NPC patients.

To determine whether EBV-dUTPaseis expressed in EBV
associated tumors a transplantable mouse tumor model was
employed. SCID mice were injected subcutaneously with
C666-1 cells, an EBV genome positive cell line that causes
NPC-like tumors in SCID mice. Twenty five days post-inoc-
ulation, mice were sacrificed, tumors isolated and the RNA
extracted and examined for the expression of several EBV
encoded genes, including BLLF3, which encodes for the
dUTPase, by qRT-PCR. As shown in Figure 1, with the
exception of a tumor from animal #4, all other tumors
examined expressed BZLF1 (encoding the immediate early
transcriptional activator), BALF5 (DNA polymerase) and
BLLF3 (dUTPase). These results demonstrate that reactivation
of latent virus has occurred in these tumors and that BLLF3
is being expressed. Tumor #4 did not express any EBV genes
(lytic or latent) and thus, may represent a situation in which
the tumor cells lost the viral genome, which is known to occur
repeatedly in EBV-genome positive epithelial tumor cells.

We then asked whether a humoral response directed against
EBV-dUTPase could be detected in the sera of patients with
EBV-related malignancies. The presence of EBV-dUTPases pe-
cific antibodies were elevated in patients with AIDS (45%, 22
cases), DLBCL (36%, 36 cases) and nasopharyngeal carcinoma

Figure 1: EBV-dUTPase is expressed in a mouse model of NPC. SCID mice
were injected s.c with C666-1 cells (2x10°). At 25 days post-inoculation, mice
were sacrificed, tumors isolated and mRNA expression levels for the EBV
genes BLLF3, BZLF1, BALF5, EBNA1 and LMP1 were examined by qRT-
PCR and normalized to the endogenous control GAPDH. Data represent the
mean relative mMRNA expression in 10 tumors. All reactions were performed
in triplicate.

(NPC) (44%, 16 cases)when compared to patients with breast
cancer (2.9%, 68 cases) and healthy controls (4.6%, 160 cases).
Interestingly, of the EBV-dUTPase positive AIDS patients, all
but one were on ART. Furthermore, of the 13 DLBCL patients
who were positive for anti-EBV-dUTPase antibodies only three
patients exhibited positive reactivity to a peptide-based
ELISA containing immunodominant epitopes of EBNAL
(BKRF1) and viral capsid antigen (VCA)-p18 (BFRF3) [45],
suggesting the possibility that abortive lytic replication may be
occurring in a large percentage of the DLBCL patient cohort.

EBV-dUTPase induction of BIC/miR155 promot-
er activity requires AP-1 and NF-kB sites.

Previous microarray data analysis by our group [39]
revealed that EBV-dUTPase induces the expression of the
B-cell Integration Cluster (BIC) transcript, the precursor of
miR-155, by 12-fold. To determine the possible contribution
of AP-1 and NF-kB response elements in mediating the
activation of BIC by EBV-dUTPase, luciferase reporter assays
using the BIC/miR155 promoter were performed in
TLR2-HEK293 expressing cells. Briefly, cells were transiently
transfected with pBIC/miR155 promoter-Luc, pRL-TK
reporter vectors and co-transfected with c-Fos + c-Jun,
p65NF-kB expression constructs alone, a combination
thereof or empty vector. After 24-36 h, cells were stimulated
with EBV-dUTPase for 8 h or left untreated and analyzed
for luciferase reporter activity, as we have described [37, 40].
The data presented in Figure 2 indicate that transcriptional
activation of the BIC/miR155 promoter following EBV-dUT-
Pase treatment of TLR2-HEK293 expressing cells requires AP-1
and NF-kB sites. These results suggest that c-Fos, c-Jun and
p65NF-kB transcription factors may play a role in EBV-dUT-
Pase mediated induction of BIC promoter transcription.

EBV-dUTPase promotes the proliferation/survival
of B-cells latently infected with EBV

It is well known that cytotoxic T-lymphocytes (CTLs, CD8*)
are responsible for limiting the proliferation and for clearing
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Figure 2: EBV-dUTPase induction of BIC/miR155 promoter activity requires
c-Fos, c-Jun and p65NF-kB transcription factors. TLR2-HEK293 cells were
transiently transfected with pBIC/miR155 promoter-Luc, pRL-TK reporter vec-
tors and co-transfected with c-Fos + c-Jun, p65NF-kB expression constructs, a
combination thereof or empty vector. After 24-36 h, cells were stimulated with
EBV-dUTPase (10 ug/ml) for 8 h or left untreated and analyzed for luciferase
reporter activity, as we have described [12].

cells latently infected with EBV [20]. However, our knowledge
concerning whether viral encoded proteins that are expressed
during Iytic or abortive infection may modulate T-cell respons-
es to cells productively or latently infected with EBV is rather
limited [46].

We have demonstrated thatEBV-dUTPase inhibits T-cell
proliferation in vitro following anti-CD3 stimulation [35].
Microarray analyses of human dendritic cells demonstrated
that the EBV-dUTPase modulated pathways (PD-1: PD-L1/
L2; ICOS:ICOSL; IL-15/1L-15R; IL-411; Egr-1 and PAG1) that
could promote T-cell tolerance/exhaustion [39]. To evaluate
the potential effect of EBV-dUTPase-mediated inhibition of
T-cell proliferation on EBV-specific T-cell responses, an in
vitro model was used. Briefly, PBMCs were infected with the
B95-8 transforming strain of EBV in the presence and absence
of EBV-dUTPase protein. While transformation of resident
B-cells normally occurs, the proliferation and expansion of this
B-cell population is affected by the presence of EBV-specific
CTLs [42]. Strikingly, Figure 3 shows that B-cell proliferation/
expansion was enhanced by 6-and 10-fold (p< 0.001) in cells
treated with 0.1 and 10 pg/ml EBV-dUTPase, respectively,
relative to untreated cells infected with EBV. Furthermore,
treatment of Ramos B cells with EBV-dUTPase at various
concentrations (0-10 ug/ml) did not have any effect on
proliferation of B-cells (Data not shown). These data
suggest that the EBV-dUTPase may be preventing the killing of
B-cells latently infected with EBV by affecting the function of
EBV-specific CTLs.

EBV-dUTPase induces the expression of p24 and
gp41 in latent HIV-1 infected cells

It has recently been reported that cooperation between
HIV and EBV in infected individuals may be important in

Figure 3: EBV-dUTPase enhances proliferation/survival of B-cells latently
infected with EBV. A) PBMCs (7 x 10°) were infected with 106 transforming
units of the B95-8 transforming strain of EBV. EBV-dUTPase was added
simultaneously with virus at the concentrations indicated and replenished
every 3 days for two weeks. After 28 days, wells were examined for
transformed B-cells. The average number of cells + SD over four wells was
determined for each treatment: (i) Untreated control; (ii) PBMCs infected
with EBV-B95; (iii) PBMCs infected with EBV and treated with EBV-dUTPase
(0.1 pg/ml), (iV) PBMCs infected with EBV and treated with EBV-dUTPase
(10 pg/ml). B) Histogram demonstrating increase in cell number following
dUTPase treatment of EBV infected PBMCs.

promoting lymphomagenesis. To determine if the EBV-dUT-
Pase might be a potential inducer/transactivator of HIV-1
genes, we examined the effect of the dUTPase protein in latent
HIV-1 infected Ul and ACH-2 cell lines. As shown in Figure
4, treatment of cells with various concentrations of EBV-dUT-
Pase resulted in a dose-dependent increase in the expression of
HIV-1 p24 and HIV-1 gp41 genes in Ul cells, and to a lesser
degree in ACH-2 cells (data not shown), compared to base-line
levels present in unstimulated cells. This study demonstrates/
supports a role for the EBV-dUTPase as a potential inducer of
HIV-1 activation.

e AY

Figure 4: Induction of HIV-1 genes by EBV-dUTPase. Lysates of latent HIV-in-
fected ACH2 cells (A) and U1 cells (B) either left unstimulated or treated with
EBV-dUTPase (2.5 pg/ml and 10 pg/ml) for 48 h were analyzed for the ex-
pression of HIV-1 p24 and HIV-1 gp41 proteins by western blot using AIDS
patient sera. Lanes 1 and 4: unstimulated; Lanes 2 and 5: treated with 2.5 pg/
ml EBV-dUTPase and Lanes 3 and 6: treated with 10 ug/ml EBV-dUTPase.
Positions of HIV-1 proteins are indicated on the right.
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Discussion

While it is well established that there is a low level of
lytic/abortive lytic replication of EBV in EBV genome
positive tumor cells, studies to address the expression of EBV
early proteins in these tumors as well as the potential role that
these early proteins may have in oncogenic processes is unclear.
Recently, Traylen et al [47] using an enrichment-proteomic
approach identified several lytic cycle gene products including
the EBV-dUTPase that are expressed in Burkitt’s lymphoma
cells. In the present study we used an in vivo model of NPC
and demonstrate that the EBV-dUTPase is expressed in these
tumors. Evidence for a humoral response to the EBV-dUT-
Paseh as been shown by Summer et al [48], in some patients
with infectious mononucleosis, reactivated and chronic
EBV infections as well as in some patients co-infected with
HIV-1 and in this study in some patients with AIDS, DLBCL
and NPC further supporting the premise that the BLLF3 gene
is expressed during certain disease conditions.

The data presented in this study demonstrate that the
EBV- dUTPase inhibits the functional ability of EBV-specific
CD8" T-cells to prevent the proliferation of B-cells latently
infected with EBV. This observation is not due to a direct
effect of the EBV- dUTPase on B-cells since B-cells express
little, if any, TLR2 [49]. While the mechanism(s) by which the
EBV-dUTPase inhibits CD8* T-cell function is not known,
the results of this study suggest that it may be due to a shift
in the T-cell populations to a regulatory T-cell phenotype
coupled with inhibition of T-cell function as well as increased
B-cell proliferation. Previous studies on EBV have shown that
regulatory T-cells (Tregs) are important in decreasing the
EBV-specific CD8* T-cell response to B-cells obtained from
various EBV-positive malignancies, as well as B-cells from
patients with infectious mononucleosis [50, 51]. Interestingly,
TLR2, a T-cell co-stimulatory molecule [52] has been reported
to control the expansion and function of Tregs[53]. This
finding opens up the possibility that the EBV-dUTPase may
be inducing an immunosuppressive microenvironment by
engaging TLR2 on Tregs.

Our data also demonstrate that the EBV-dUTPase increases
the expression of the BIC/miR-155 (12-fold) transcript, which
requires AP-1 and NF-kB. miR-155, which down-regulates
BCL6 expression, acts to increase B-cell functioning and has
been reported to enhance transcription and contribute to the
pathogenesis of DLBCL [54]. In addition, BIC/miR-155 also
contributes to the development of regulatory T-cells (Tregs)
[55, 56]. Interestingly, Baumforth et al [57] reported that
EBNA-1 increased the expression of CCL20 in EBV infected
Hodgkin lymphoma cell lines and that the increased levels of
CCL20 correlated with increased migration of Tregs, suggest-
ing that induction of CCL20 dampens the immune response
against EBV infected cells in the tumor population. Likewise,
we have demonstrated that the EBV-dUTPase induces the
increased expression of CCL20 (335-fold) [39], suggesting that

the EBV-dUTPase may contribute to altering the tumor
microenvironment by increasing the proliferation/migration
of Tregs.

We have previously demonstrated that the EBV-dUTPase
inhibited T-cell proliferation [33] and that the EBV-dUTPase
activates specific pathways (PD-1: PD-L1/L2; ICOS:ICOSL;
IL-15/IL-15R; IL-4I1; Egr-1 and PAG1) that modulate T-cell
proliferation/function [39]. IL4I1 in mature DCs encodes for
a secreted L-phenylalanine oxidase that down-regulates the
expression of T-cell receptor (TCR) 0 chain, which inhibits
T-cell proliferation [58, 59]. Likewise, Egr-1 is a transcription
factor that regulates IL-2 expression and thus its down
regulation would limit CD8* T-cell proliferation. The down-reg-
ulation of PAG1, which is reported to establish an activation
threshold for the initiation of TCR signaling, may result in
T-cell unresponsiveness in conditions in which there is strong
TCR in the absence of proper co-stimulation [60]. Conversely,
the increased expression of ICOSL (inducible T-cell stimula-
tor)-ICOS pathway augments T cell effector function, which
enhances T1 and T 2 cytokine production and stimulates
IL-10 production. This may contribute to regulation of Treg
cell function, T cell tolerance and autoimmunity [61]. Final-
ly, the EBV-dUTPase may be altering function/activation of
CD8* T-cells by up-regulating the inhibitory members of the
B7 family PD-L2/PD-L1 (3.41 -fold), which are known to play
important roles in T-cell tolerance/exhaustion in chronic virus
infections [62, 63].

There is evidence supporting that there is cooperation
between HIV and EBV in infected individuals and that it
isimportant in promoting lymphomagenesis [64, 65]. However,
the indirect effects of viral cooperation are difficult to
examine, and in the case of EBV-associated lymphomas
additional studies are needed. Using various promoter
constructs, the latently expressed Epstein Barr Nuclear Antigen
(EBNA) 2 and latent membrane protein (LMP)-1 have been
reported to transactivate HIV-1 long terminal repeat (LTR)
[66, 67], while the DNA polymerase, an early protein expressed
during abortive -lytic and lytic replication has also been
reported to transactivate HIV-1 LTR [68]. In this study,
we demonstrate that the EBV-dUTPase also induces the
expression of HIV-1 p24 and gp41 genes. HIV gene products
may also modulate EBV functions. The HIV-1tat protein has
been reported to modulate cell proliferation and apoptosis
of EBV-immortalized cell lines [69]. Likewise,Iyenger and
Schwartz [70] reported that the gpl20 from X4 strains of
HIV-1 enhanced B cell lymphomagenesis when B cells were
exposed to EBV. gp120 has also been reported to be important
in immune activation in female genital epithelium [71] and in
HIV replication [72] through TLR2 activation. Interestingly,
Abergel et al [73] reported the presence of a “hidden dUTPase”
in the gp120 sequence and they suggested that an ancestral
dUTPase gene evolved into the present primate lentivirus CD4
and chemokine receptor interacting region of gp120.
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