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Abstract
Objective—Epstein-Barr virus (EBV) infection has been linked to systemic lupus erythematosus
(SLE) as demonstrated by the presence of increased seroprevalence and elevated viral loads, but the
mechanism of this linkage has not been elucidated. Increased IFN-α levels and signatures, associated
with innate immune responses, have been found in patients with SLE. Plasmacytoid dendritic cells
(pDC) are innate immune cells that mediate viral immunity by producing large quantities of interferon
alpha (IFN-α), but the role they play during infection with EBV remains unclear. To address this
issue, we investigated the ability of EBV to promote IFN-α production by pDC in healthy subjects.

Methods—Human pDC were sorted and cultured in the presence of EBV, EBV small RNA (EBER),
and EBV double-stranded DNA (dsDNA). IFN-α production by pDC was measured by enzyme-
linked immunosorbent assay (ELISA), with activation of these cells measured by flow cytometry.

Results—We demonstrate that EBV DNA and RNA promote IFN-α production by human pDC
through engagement of Toll-like receptor (TLR) 9 and TLR7, respectively, with initial viral
recognition by pDC mediated by binding to major histocompatibility (MHC) class II molecules.

Conclusion—These data demonstrate that MHC class II-specific engagement by virus and
subsequent viral nucleic acid recognition mediates IFN-α production by pDC. Our results suggest
that elevated levels of IFN-α found in lupus patients may be a result of aberrantly controlled chronic
viral infection.

Epstein-Barr virus (EBV) is a γ-herpes virus that infects 95% of adults in the United States
(1) and is the pathogen responsible for mononucleosis, Burkitt’s lymphoma, nasopharyngeal
carcinoma, and Sezary disease (2). This virus and SLE have been linked for 40 years (3–7).
Increased prevalence of viral infections and elevated viral loads are found in patients with lupus
(8–11) with reports demonstrating SLE-like disease developing after EBV-induced
mononucleosis (12). Children and young adults with lupus have increased EBV seroprevalence
compared to healthy controls; by contrast, there is no such correlation between SLE and other
herpes viruses, including cytomegalovirus (CMV) (8,9). One explanation for this observation
is that molecular mimicry between the EBV antigen, EBNA-1 and self-ribonucleoproteins,
may play a role in the expansion of the humoral autoimmune response in lupus (13,14). Further
evidence of linkage is the finding of elevated numbers of EBV-infected B cells in the peripheral
blood of patients with SLE (10); an observation supported by others (11), and one that is perhaps
explained by alterations in B cell maturation.

EBV infection of B cells requires engagement of complement receptor 2 (CR2) and the MHC
class II molecule (15). The viral gp350 protein binds CR2 mediating viral attachment (16);
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whereas, the envelope protein gp42 binds the MHC class II β1 chain (17) mediating membrane
fusion (17–19). After initial infection, the virus enters a latent phase in mature B cells with
periodic reactivation and production of new virus. During latency, large quantities of EBV
small RNAs (EBER) are made (20).

The adaptive immune system is critical for control of EBV infection. However, recent studies
have demonstrated the importance of the innate immune system in control of other viral
infections through engagement of toll-like receptors (TLR) and production of IFN-α (21–23).
TLR7 expressed on pDC is critical in the anti-viral response against influenza, a single-stranded
RNA virus (23), whereas TLR9-mediated production of IFN-α by pDC is necessary for the
host response to herpes simplex virus (HSV) I and HSV II, double-stranded DNA α-herpes
viruses closely related to EBV (21,22). Less is known about the role of pDC in controlling
EBV; supernatants from EBV-infected cell lines promote IFN-α production by pDC, but
neither the antigens in this supernatant nor the mechanism behind IFN-α production were
characterized (24).

IFN-α promotes anti-viral responses and immune system activation, including T cell activation
and an increase in B cell survival, maturation, and activation (25). It also appears to play a
pathogenic role in systemic lupus erythematosus (SLE) (26–28). Induction of IFN-α targeted
gene transcription, the so-called IFN-α signature, and elevated levels of this cytokine, have
been demonstrated in patients with lupus, with an elevated signature correlating with increased
disease activity (26,29). Single nucleotide polymorphisms of interferon regulatory factor 5
region also are associated with SLE (30,31). Further evidence for the importance of IFN-α in
SLE is demonstrated by the development of lupus-like disease as a side effect of treatment of
some tumors with exogenous administration of this cytokine (27).

To further explore the link between EBV infection and SLE, we asked if and how the virus
might contribute to enhanced IFN-α production. Specifically, we determined if EBV and its
nucleic acids could drive IFN-α by human plasmacytoid dendritic cells (pDC), the cell
principally responsible for the production of this cytokine. To test this hypothesis we sorted
pDC from healthy controls and cultured them in the presence of different EBV antigens. We
found that viral binding to MHC class II molecules, followed by endosomal uptake and TLR9
engagement, a process that did not require viral replication, were required for IFN-α production
by pDC following challenge by intact virus. TLR7 also was required for the production of IFN-
α in response to EBER made during chronic latent infection. In contrast, CR2 was not involved
in IFN-α production by pDC. These results demonstrate that EBV nucleic acids can induce
IFN-α production by pDC through at least two mechanisms, engagement of TLR9 and TLR7,
suggesting an additional mechanism for the association of this infection with SLE.

Materials and Methods
Preparation of stocks of infectious EBV and mock inoculum

Viral stocks were prepared from culture supernatants of the EBV-positive B95-8 cell line
(courtesy of George Miller, Yale School of Medicine), as previously described (32). B95-8
cells were seeded at 2×105 cells/ml in complete RPMI 1640 medium and serum starved for 14
days or induced with phorbol 12-myristate 13-acetate for 5 days in sealed flasks at 37° C. After
centrifugation of cells, supernatants were collected and EBV precipitated in 8% (wt/vol)
polyethylene glycol (PEG-8000; Sigma-Aldrich, St. Louis, MO) and 1M NaCl. The viral
particles were then collected by centrifugation, resuspended in RPMI at 1/50 starting volume
and frozen at −70° C. Mock inocula were prepared in an identical manner from the culture
supernatant of the EBV-negative B cell lymphoma line, BJAB. Non-infectious EBV was made
by incubation at 95° C for 5 minutes or UV irradiation at 1 J using a Stratalinker 2400
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(Stratagene, La Jolla, CA). Viral infectivity was tested by measuring immortalization of B cells
in the presence or absence of FK506 (Sigma-Aldrich) 14 days after infection (32).

Isolation of viral DNA and determination of genome copy number
DNA was amplified using primers for the EBV EBER-1 gene using a Bio-Rad iQ5 Real-time
PCR Detection System (10), with a standard curve generated using the EBV-containing Raji
cell line, allowing determination of viral genome number (10). EBV genomic and mock viral
DNA were prepared using the DNAeasy Tissue Kit (Qiagen, Valencia, CA) according to the
manufacturer’s instruction for Blood and Body Fluid Spin Protocol. The concentration of
purified DNA was determined by absorption at OD260.

Isolation of pDC and mDC
Human subjects research was in compliance with the Helsinki Declaration and was approved
by the Yale University Human Investigation Committee. pDC were purified from Leukopaks
(NY Blood Center, Long Island City, NY) by collecting peripheral blood mononuclear cells
by centrifugation on Ficoll-Paque (Amersham Pharmacia Biotech, Uppsala, Sweden). pDC
were enriched using the Stem Sep Human Dendritic Cell Enrichment Kit (Stem Cell
Technologies, Vancouver, BC, Canada). pDC were identified on a FacsAria cell sorter (Becton
Dickinson, Franklin Lakes, NJ) as lineage negative (Lin−, using anti-CD3, -CD14, -CD16, -
CD19, -CD56, and –glycophorin A; all from BD Pharmingen, San Diego, CA), HLA-DR+,
CD11c− (both from BD Pharmingen), and CD123+ (Miltenyi Biotech, Auburn, CA) with mDC
identified as HLA DR+, CD11c+, and CD123−. Cells were greater than 99% pure, as assessed
by flow cytometry. pDC were then cultured in RPMI 1640 supplemented with 10% fetal calf
serum, 2mM L-glutamine, 110 µg/ml sodium pyruvate, antibiotics, and 10 ng/ml IL-3 (R&D
Systems, Minneapolis, MN); mDC were cultured in RPMI with 10% fetal calf serum, 2mM
L-glutamine, 110 µg/ml sodium pyruvate, antibiotics, and 2 ng/ml GM-CSF (R&D Systems,
Minneapolis, MN).

Stimulation of pDC and mDC
pDC or mDC were incubated in the presence of antigens for 18 hours at 37°C and 5% CO2,
including HSV (provided by Jennifer Lund and Akiko Iwasaki, Yale School of Medicine),
EBV, UV-treated EBV, and heat-treated EBV at a concentration of 15,000 virions as measured
by quantitative PCR, as well as with EBV DNA or mock virus DNA. In some experiments,
before addition of virus or nucleic acids, cells were preincubated for 15 min with the highly
inhibitory anti-CR2 mAb 171, known to block gp350 binding and infection of primary B
lymphocytes (33), anti-MHC I (eBioscience, San Diego, CA), anti-MHC II (BD Pharmingen),
anti-HLA DR-α (Biolegend, San Diego, CA), anti-HLA DR-β (DA2; Abcam, Cambridge,
MA), GpC 2006 (phospho-thiolated TGCTGCTTTTGTGCTTTTGTGCTT) or CpG 2006
(TCGTCGTTTTGTCGTTTTGTCGTT; both from the W.M. Keck Oligosynthesis Facility,
Yale University School of Medicine), or hydroxychloroquine (Sigma-Aldrich). Viability of
pDC (post-stimulation) was assessed by trypan blue staining where indicated. IFN-α
production was measured by ELISA (PBL Biomedical Labs, Piscataway, NJ). The activation
markers CD86 (BD Pharmingen) and CR2 were measured by flow cytometry (FACS Calibur,
Pharmingen).

Labeling of EBV
EBV was purified over dextran gradients and incubated for 10 min in the presence of 5µM
CFSE at 37° C. Unincorporated CFSE was removed by ultrafiltration with Amicon ultra-15
centrifugal filter unit (100,000 MW cutoff spin column; Millipore, Billerica, MA).
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TLR7 stimulation
A plasmid containing the full-length EBER sequence under the control of T7 promoter
(courtesy of Joan Steitz, Yale School of Medicine) was linearized with Dra I. RNA transcripts
were generated with a MEGAscript T7 kit (Ambion, Austin, TX) according to the
manufacturer’s protocol. Full-length EBER were visualized by UV shadowing and excised
from an 8% urea-acrylamide gel. RNA was purified by phenol chloroform extraction and
loaded onto DOTAP (N- [1-(2,3-Dioleoyloxy)propyl]-N,N,N-trimethylammonium methyl-
sulfate) Liposomal Transfection Reagent (Roche Pharmaceutical, Nutley, NJ) per the
manufacturer’s protocol. pDC were pre-incubated with or without TLR7, TLR9, and TLR7/9
inhibitors (oligonucleotides IRS 661, 869 and 954 (34)(34); a kind gift from Franck Barrat,
Dynavax Technologies) and then incubated with EBER-DOTAP, EBER alone or carrier alone
overnight 37° C.

Statistical analysis
Statistical analysis was performed using Mann-Whitney or 1-Way ANOVA followed by
Dunnett’s comparison test using Prism (GraphPad, La Jolla, CA).

Results
EBV promotes IFN-α production by pDC but not mDC

pDC sorted by flow cytometry were stimulated with purified virus and the IFN-α produced in
the supernatants was measured by ELISA (Fig. 1A). EBV stimulated the production of IFN-
α whereas mock virus from a non-EBV carrying lymphoma cell line, made in parallel with the
EBV, did not. Fifty thousand pDC were activated in a dose-dependent manner by as few as
150 to as many as 150,000 viral genome copies as measured by IFN-α production (Fig. 1B).
IFN-α production increased when viral genome copies were kept constant (15,000) and pDC
numbers increased (Fig. 1C). Additional evidence of pDC activation by EBV (Fig. 1D, solid
line) and CpG 2006 (Fig. 1D, dotted line) was evidenced by the upregulation of CD86 as
measured by flow cytometry. By contrast, mDC which do not express TLR8 or 9 (35,36) did
not produce IFN-α following challenge (Fig. 2) suggesting that EBV can stimulate pDC, but
not mDC.

Viral integrity is important for the production of IFN-α by pDC
We next determined if infection was essential to promote IFN-α production by pDC. We found
that EBV treated with UV light, which renders the virus non-replicating by DNA cross linking,
still activated pDC as measured by IFN-α production (Fig. 3A); however, heat inactivation of
EBV (95° C for 5 min) stimulated pDC less compared to viable virus (Fig. 3A). In addition,
EBV DNA incubated alone with pDC was unable to promote IFN-α production, even at a
concentration 200-fold higher than that of intact virus (Fig. 3B), suggesting that intact virions,
but not viral replication are required for IFN-α production.

IFN-α induction by pDC is dependent on viral uptake, endosomal acidification, and TLR9
engagement

HSV, an α-herpes virus, engages the innate immune system via activation of TLR9 by viral
dsDNA after viral uptake (21). Thus, we examined the importance of endosomal acidification
and TLR9 engagement on EBV-induced IFN-α production. We first determined that CFSE-
labeled EBV was efficiently taken up by pDC compared to CFSE-labeled mock viral
preparation (Fig. 4A). Pretreatment of pDC with chloroquine, an inhibitor of the endosomal
acidification, significantly decreased production of IFN-α (Fig. 4B). While addition of
exogenous EBV dsDNA alone did not stimulate IFN-α secretion (Fig. 3B), EBV after
internalization did engage TLR9, as determined by blockade of the TLR9 receptor with
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increasing amounts of an antagonist deoxynucleotide, GpC 2006 (Fig. 4C), demonstrating a
concentration-dependent blockade of IFN-α production. Thus, production of IFN-α by pDC
following EBV exposure is dependent on viral uptake, endosomal acidification, and TLR9.
This is consistent with the observation that endosomal acidification is essential in the innate
immune response against the related herpes family virus member, HSV (21), and for the
uncoating of EBV in B cells (37).

Anti-MHC class II Abs inhibit IFN-α production by EBV in pDC
The binding of EBV gp42 protein to MHC class II molecules is necessary for the viral fusion
to the cell membrane, as EBV deficient in this glycoprotein is unable to infect B cells (38).
This binding can inhibit T cell activation by interfering with interaction of the T cell receptor
with HLA-DR interaction of antigen presenting cells (39). Given the lack of CR2 expression
on pDC (data not shown), we asked if EBV binds to MHC class II on pDC via gp42. We tested
this hypothesis by pretreating purified pDC with anti-MHC class II antibodies before activation
by EBV. IFN-α production by these cells decreased in a dose-dependent manner with
increasing concentrations of blocking antibody (0.78 µg/ml–1.25 µg/ml) (Fig. 5A), an effect
mediated largely by specific block of HLA DRβ (Fig. 5B). By contrast, IFN-α synthesis by
pDC was not inhibited by addition of a blocking antibody to class I MHC (Fig. 5A).
Importantly, we demonstrated that pretreatment of pDC with anti-class II MHC did not inhibit
cell activation by HSV (Fig. 5A), consistent with studies demonstrating that this virus enters
cells through nectins, heparins, and Herpes Virus Entry Mediators in addition to MHC class
II binding (15). As a further control we demonstrated that, gp42-deficient EBV virions (19)
did not promote IFN-α production by pDC (Fig. 5C). Taken together, these data suggest viral
entry into pDC is dependent on MHC class II engagement.

EBER induce IFN-α by pDC via TLR7 engagement
Since ssRNA are known to engage TLR7 (23,40), we examined the effect of pDC stimulation
by EBER which have ssRNA motifs throughout their structure (Fig. 6). EBER are small RNA
molecules made in large quantities (107 copies/infected B cell) during latent infection of B
cells (20). EBER transfected using DOTAP, a liposomal transfection system, promoted IFN-
α production by pDC, an effect that was blocked by the TLR7 inhibitory oligonucleotide, IRS
661 and 954, but not by the TLR9–specific inhibitory oligonucleotide, IRS 869.

Discussion
We examined the interaction of EBV with human pDC, specifically demonstrating that upon
viral challenge, these cells robustly make IFN-α. After initial replication in the host, EBV
becomes a chronic latent infection with intermittent activation into a lytic phase (2). During
the latter, new virus is produced, whereas during latency, large amounts of small RNAs known
as EBER are synthesized. We took both phases of the viral life cycle into account demonstrating
that both products, dsDNA viral core and EBER composed of ssRNA, promote IFN-α
production by pDC via TLR9 and TLR7 engagement, respectively. In addition the unique
association of EBV with SLE compared to other herpes viruses maybe due to its ability to bind
MHC class II on pDC.

The role that MHC class II plays in EBV interaction with pDC may provide a mechanism by
which these cells control viral infection. CR2 is a receptor for IFN-α on B cells, and the
inhibition of this receptor diminishes the induction of IFN-α responsive genes (7). By contrast,
CR2 is not expressed on pDC, which may explain why we did not find evidence of EBV
infection of pDC when these cells were challenged with virus; in culture the pDC died within
2–4 days. We posit that the lack of viral infectivity of pDC is the absence of CR2 that is needed
for binding to B cells and the inability to respond to B cell specific maturation signals initiated
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by EBV (11). In any case, the effect of IFN-α on pDC to resist infection needs to be further
examined.

When EBV attaches via MHC class II to a pDC (as opposed to a B cell), presumably it is
degraded with TLR9 activation and subsequent IFN-α production. MHC class II is known to
recycle from the cell surface where it is reloaded in the early endosomal compartment with
preprocessed peptides (41). This shuttling service could serve as a mechanism by which virus
is continually taken up and subsequently degraded, in essence behaving as an EBV trap. Further
investigations blocking the recycling pathway will be needed to show the importance of this
pathway in EBV turnover. Variation in response to the virus may also play a role in its
elimination, in that different individuals have varying degrees of induction of IFN-α following
EBV challenge (data not shown). Regardless, as DC mature in response to EBV stimulation,
they upregulate their MHC class II (42), offering a potential means to increase uptake of virus.
Even though MHC class II renders B cells susceptible to EBV infection (18,43), it conversely
may serve as a lure for EBV attachment to pDC enabling these cells to degrade viral particles
with subsequent production of IFN-α.

Polymorphisms in HLA -DR2 and -DR3 are associated with lupus (44). The critical EBV gp42
binding regions are at amino acid positions 46 and 72 of the β1 chain. Although the
polymorphisms associated with lupus are not associated with residue changes at these
positions, they could lead to increased, or decreased, viral binding via structural alterations
induced by changes at other sites in the β1 chain, a hypothesis that can be explored
experimentally.

Type I IFNs, including IFN-α, produced by pDC are believed to be pivotal in promotion of the
lupus phenotype (45–48). Immune complexes containing RNA drive IFN-α production by pDC
following binding to TLR7 (27,48). EBER, made during latent EBV infection, can also promote
type I IFN synthesis in an analogous manner. EBER are composed of dsRNA and ssRNA stem
loops and have been shown to activate TL3 in mDC presumably by its dsRNA motif (49).
Likewise, we would argue that the TLR7 found in pDC is activated by the ssRNA motifs of
EBER. These viral RNAs also bind with high affinity to the La protein (20), found in RNA
immune complexes, offering an additional link between EBV infection and stimulation of the
IFN-α response in SLE because 15% of lupus patients are seropositive for antibodies against
La (50).

Our data support the work of Lim and colleagues who showed that crude supernatants from
the EBV-infected B95-8 marmoset cell line stimulated IFN-α production by enriched human
pDC and that TLR9 stimulation of pDC by EBV is needed to induce IFN-γ secreting T cells
(24). We extend their work with the demonstration that IFN-α production by pDC is dependent
on TLR9 and TLR7 for dsDNA and ssRNA engagement, respectively, and dependent upon
binding to MHC class II by whole virus. We use purified EBV, as well as a control consisting
of a mock viral preparation (Fig. 1A), to challenge a sorted pDC population with greater that
99% cell purity (data not shown), to eliminate the possibility that cell stimulation was due to
components of the cell lysate or cytokines found in the supernatant, rather than the virus per
se. Although the ability of EBV to induce IFN-α production by pDC is on the surface not
surprising given the importance of this cytokine in controlling infection by other herpes family
viruses such as HSV, our work demonstrates the exquisite sensitivity of pDC to as few as 150
viral genomes, as well as the requirement of viral entry upon MHC class II engagement and
not upon CR2, and the engagement of TLR7 by EBV RNAs.

In summary, we have demonstrated that exogenous antigens from a pathogen specifically
associated with SLE can drive IFN-α production. While nucleic acids and apoptotic cells are
autoantigens demonstrated to be important mediators of IFN-α production (26–28), our data
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suggests that in addition, EBV could initiate systemic autoimmune responses and perpetuate
the cycle of inflammation in SLE by modulating IFN-α production. Elevated IFN-α signatures
found in patients with lupus could be a response in part to EBV stimulation. If so, treatment
of EBV infection in lupus patients with anti-viral drugs may offer a means for disease
attenuation.
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Figure 1. EBV promotes IFN-α production and CD86 upregulation by pDC
Fifty thousand pDC sorted by flow cytometry were incubated with (A) purified EBV (15,000
genomes) or mock virus for 18 h, or (B) increasing numbers of viral genomes. (C) Increasing
numbers of pDC were incubated with 15,000 genomes of EBV. (D) pDC were cultured with
EBV (solid line, 15,000 genomes), CpG DNA (broken line, 63nM) or with buffer control
(shaded line), and CD86 expression determined by flow cytometry. Supernatants and cells
were harvested 18 h after beginning incubations. In A–C, IFN-α in supernatants was measured
by ELISA. In A, error bars represent SD, with experiments done in triplicate. In B and C, error
bars represent SD of duplicate wells. ND (not detected) represents IFN-α amounts of less than
12.5 pg/ml. Statistics performed by Mann-Whitney testing.
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Figure 2. EBV does not promote IFN-α production by mDC
pDC (50,000 cells) and mDC (50,000 cells) sorted by flow cytometry were incubated with
media alone, EBV (15,000 genomes) or polyriboinosinic:polyribocytidylic acid (poly I:C; 1.5
µg/ml) as a positive control. Supernatants were harvested 18 h after beginning incubations.
Error bars represent SD, with experiments done in duplicate. ND (not detected) represents IFN-
α amounts of less than 12.5 pg/ml. Statistics performed by Mann-Whitney testing.
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Figure 3. Intact EBV is required for IFN-α production by pDC
pDC (50,000) sorted by flow cytometry were incubated (A) in the presence of intact EBV,
heat-inactivated (ΔEBV), or UV-treated EBV (UV EBV; 15,000 genomes used in each
condition), or (B) in the presence of increasing dilutions of purified EBV DNA (11 µg/ml, 1.1
µg/ml, 0.1 µg/ml) or as a control, BJAB DNA (14 µg/ml, 1.4 µg/ml, 0.1 µg/ml). In A and B
supernatants and cells were harvested 18 h after beginning incubations. Statistics performed
by 1-Way ANOVA followed by Dunnett’s comparison. Error bars represent SD, with
experiments done in duplicate.
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Figure 4. IFN-α production by pDC is dependent upon viral entry, endosomal acidification, and
TLR9 engagement
pDC were stimulated for 18 h in the presence of CFSE-labeled EBV (15,000 genomes) or mock
virus with (A) viral interaction assessed by flow cytometry. (B) pDC (50,000 cells) sorted by
flow cytometry were stimulated for 18 h in the presence of EBV (15,000 genomes) with or
without pre-incubation with chloroquine (chl; 10 µm) or (C) in the presence of increasing
amounts of the inhibitory deoxynucleotide GpC 2006. IFN-α levels were measured from the
supernatants by ELISA. Greater than 90% of cells were viable after stimulation as determined
by trypan blue staining. Error bars represent SD for experiments done in duplicate. ND (not
detected) represents IFN-α less than 12.5 pg/ml. In (B) statistical analysis was performed by
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Mann-Whitney testing. Statistics in (C) performed by 1-Way ANOVA followed by Dunnett’s
comparison.
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Figure 5. IFN-α production by pDC requires MHC class II engagement
pDC (50,000 cells) sorted by flow cytometry were incubated with EBV (15,000 genomes) or
HSV-2 (5×10^6 pfu/ml) in the presence or absence of increasing amounts of (A) an anti-HLA
DR, DP, DQ or an anti-HLA A, B, C blocking antibody, or (B) an anti-HLA DRα or HLA
DRβ chain antibody for 15 minutes. (C) pDC were stimulated with gp42-deficient EBV (15,000
genomes) . After 18 h IFN-α ELISA measured levels in the supernatant. Error bars represent
SD for experiments done in triplicate. ND (not detected) represents IFN-α less than 12.5 pg/
ml. In (B), statistical analysis was performed by 1-Way ANOVA followed by Dunnett’s
comparison. In (C), statistical analysis was performed by Mann-Whitney testing.
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Figure 6. The stimulatory effect of EBER on pDC is TLR7 dependent
In vitro transcribed and gel purified EBER were loaded onto DOTAP and incubated with sorted
pDC (50,000 cells), with or without preincubation for 15 minutes with inhibitors of TLR7 (IRS
661), TLR9 (IRS 869), and TLR7/9 (IRS 954) . After 18 h IFN-α levels were measured in the
supernatants by ELISA. Greater than 90% of cells were viable after stimulation as determined
by trypan blue staining. ND (not detected) represents IFN-α less than 12.5 pg/ml. Statistical
analysis was performed by 1-Way ANOVA followed by Dunnett’s comparison.
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