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Association of innate immune activation
with latent Epstein-Barr virus in active
MS lesions

ABSTRACT
Objective: To determine whether the activation of innate immune responses, which can be elicited
by pathogenic and endogenous triggers, is associated with the presence of Epstain-Barr virus
(EBV) infection in the multiple sclerosis (MS) brain.

Methods: White matter postmortem MS (n = 10) and control tissue [n = 11) was analyzed for the
expression of the proinflammatory cytokine interferon a (lFNa) by immunohistochemistry and for
EBV by using the highly sensitive method of EBV-encoded RNA (EBER) in situ hybridization.

Results: We detected overexpression of IFNain-active·areas of white matter MS lesionsbut not in
inactive MS lesions, normal-appearing white matter, or normal brains. The presence of IFNa in
macrophages and microglia (expressing human leukocyte antigen class 11) is suggestive of local
production as part of an acute inflammatory process. Interestingly, EBERs were also specifically
detected in areas where IFNa was overexpressed in thasepreselected active·MS lesions. EBER+
cells were also found in eNS lymphoma and stroke cases, but were absent in other control brains.
We next addressed a potential mechanism, e.g., the role of EBERs in eliciting IFNa production,
and transfected EBERs into human embryonic kidney (HEK) cells. We used HEK cells that stably
expressed Toll-like receptor-3, which recognizes double-stranded RNAs, associated with many
viral infections. EBERs elicited IFNa production in vitro.

Conclusion: These findings suggest that latent -EBV infection may contribute to the inflammatory
milieu in active MS lesions by activating innate immune responses, e.g., IFNa production. Unrav-
eling the underlying mechanisms may help in uncovering causal pathways and developing better
treatment strategies for MS and other neuroinflammatory diseases. NeuroJogy<D 2012;78:15-23

GLOSSARY
ds = double-stranded; EBER = EBV-encoded RNA; EBNA-1 = EBV nuclear antigen 1; EBV = Epstein-Barr virus; FCS = fetal
calf serum; H&E = hematoxylin & eosin; HEK = human embryonic kidney; HLA = human leukocyte antigen; HSE = herpes
simplex encephalitis; IFN •• = interferon a; IgG = immunoglobulin G; ISH = in situ hybridization; lFB = Luxol fast blue; mAb =
monoclonal antibody; MS = multiple sclerosis; OHl = oral hairy leukoplakia; PBS = phosphate-buffered saline; pDC = plas-
macytoid dendritic cell; PlP = protein lipid protein; SLE = systemic lupus erythematosus; SSPE = subacute sc!erosing
panencephalitis; TLR3 = Toll-like receptor-3.

The innate immune response is an essential part of the host response to many infections and
type I interferon (IFN) is produced within hours of systemic infection. I Our previous findings
showed that Toll-like receptor-3 (TLR3) stimulation of human microglia with the viral-mimic
polyIC led to IFNa production and downstream Th l polarization of CD4+ helper T cells.s
which may impact on CNS immunity ..
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Infectious agents are plausible candidates
for rr.iggering and perpetuating multiple scle-
rosis (MS) in generically susceptible subjects.
The strength of its associations renders
Epsrein-Barr virus (EBV), a herpesvirus with
a population.prevalence >900/0, the outstand-
ing candidate. A history of symptomatic in-
fectious mononucleosis increases the MS risk
more than twofold" and elevated serum anti-
body titers to EBV nuclear antigen 1
(EBNA-l) precede the onset of MS, and are
associated with MRl activity in established
disease.4,5 Furthermore, EBV infection was
found to be a characteristic feature of the MS
brain''; however, these findings were coun-
tered by other srudies.c"

EBV infects predominantly B lymphocytes
and persists in the blood in rare memory B
cells. The gold standard for detecting EBV in
tissue is in situ hybridization for the EBERs, 2
small EBV-RNAs (EBERI and EBER2),
abundant in EBV-infected cells (106_107

copies/infected cell nucleus)!" with immuno-
modulatory effects upon secretion and TLR3
ligarion.on neighboring cells. U

Our hypothesis is that active MS lesions
carry an IFNa signature, which can be elic-
ited by viral stimuli. We propose that innate
activation in these areas, driven 01" maintained
by EBV-encoded RNAs, leads to an antiviral
state that contributes to neuroinflammation.

METHODS Standard protocol approvals, rcgistra-
cion, and patient consents. Postmortem paraffin brain and
control [issues were obtained from the Thomas-Willis-Oxford
Brain Collection, Oxford, with informed consent and Ethics
Committee approval (REC: 08fH0304f7),

Tissue specimens. For ail MS bmins studied, the clinical diag-
nosis had been made during Jire and confirmed ar autoP'Y' Brains
from patients with cancer and other neurologic and neuroinflam-
marory diseases were used as controls (table e-I on the Neurology""
Web sire at www.neurology.org). To characterize white matter le-
sions, Luxol fusr blue (LFB), anti-hwnan leukocyte antigen (HlA)

class Il (macrophages/miaoglia), and hemaroxyJin & eosin (H&E)
staining was performed to identify the ccntcrs and borders oflesions
and their activity, and areas of hypercelluJariry (inflammatory cell

infiltration) and hypocellulariry (loss of parenchyma! cells in inac-
tive lesions). Lesions were classified Into 3'groups: t) acute lesions,
rich in dense lymphocytic infiltrates with numerous B cells and
macrophages (containing !.FB); 2) chronic active lesions, characeer-
ized by hypercellular active borders staining strOngly for LFB in
macrophages and hypocelluJar demyelinated ccnters, with very low
densities ofLFB-negative macrophages; 3) inactive lesions, charac-
terized by demyelination and marked hypooellulariry (reflecting loss
of parenchyma! cells) and only limited numbers of !.FB-negative
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inBammarory cells. Case 13 is " stroke case with cause of death

noted as cerebra! hemorrhage with some B-<:dI infiltration, whereas

case 12, witho u r B-«Il infiltration, died of pulmonary embolism.

Immunohistochemistry for IFNa, gp350, LMP-l, and
pl ••.•macyroid-dendritic-cell markers. Paraffin sections (G
p.m) used in this study were dcparaflinizcd and antigens un-

masked as described previously." Sections were blocked with

10% fetal calf scrum (FCS) followed by mining with sheep

polyclonal ami-lfNn antibody at 1/1,000 dilution in 10% FCS.
This antibody was raised againSt lymphoblasroid IFN a and is

thus broadly cross-reactive with IFN,. subrypes. J3 Antisheep im-
munoglobulin G (lgG) antibody (Vector, UK) was used as sec-
ondary antibody followed by avidin-biotin peroxidase complex
(ABC kit, Vector, UK) and derecred with diaminobcnzidine
substrate (DAKO, UK). B cells in MS lesions were stained with
anci-CD79a, which is parr of the B cell recepror complex
aCB 117 done, donated by Prof. Margaret Jones), H and devel-
oped wirh Oako Real Envision Detection System as described

previously." LMP-l and gp350/220 wcre dcrccred with the
mouse IgGI monoclonal antibodies (mAb) OT21C (LMP-l;

1/500) and OT6 (gp350; 112,000), both of mouse origin
(IgGl), in phosphate-buffered saline (PBS) containing 1% bo-
vine scrum albumin." Binding was visualized with labeled poly.

mer HRP (peroxidase-labeled polymer conjugated to goat
ancimouse and goat anrirabbie Igs in Tris-HCl buHi::r, Dako,
UK) for 30 minutes followed by DAB as above. All sections were
counrerstained with hcmaroxylin. pDC. staining was done as
described previously using RDCA2 done 124B3.13 (1/50)
(Dendrirics, France)""'; CD2ap, clone B-4 (1/1,000; Santa
Cruz Biotechnology, USA)"; and CDI23, clone 7G3 (1/50; BD
Biosciences, USA).

Immunofluorescence staining. For double-labeling, IFN a:
staining was performed as described above, followed by biotin-
anrisheep Ig (Vector, UK), visualized with conjugated streptavi-
din a1e.~a-488 (Invitrogcn, Paisley, UK). Slides were incubated

overnight with second prim:uy antibodies: rat anti-major hisro-
compatibility complex class IJ (1/200 dilution; Dako, UK), rat

anti-C03 (1/100; Scrotcc UK), mouse anti-C019 (l/50; Scro-
tee, UK), rabbit anti---GFAP (VI,OOO; Dako, UK), or mouse

anti-protein lipid protein (PLP) (1/200; Serorec). Appropriate
secondary antibodies included Alexa 568 anti-rat Ig (V200; In-
virrogen, UK), Alexa 568 anrimouse Ig (1/200), and AI"". Fluor
568-amirabbit (1/200) fur 3 hours. As negative controls for each
second layer. primary antibodies were omitted. No staining W~

seen in these sections.

In situ hybridization for the detection nf EBERs in
brain tissue. The EBER-in situ hybridization (ISH) was car-
ried out essentially as previously described in detail.'~" Two an-

tisense oligonucleorides (30 nucleotides each) corresponding ro

positions 91-120 and 82-111 ofEBER I and EBER 2, respec-
tively, were synthesized (Sigma, UK) and end-labeled by tailing

with digoxigenin-dUTP using a commercially available kit
(Roche Diagnostics, UK), following me manufacturer's instruc-

tions. Briefly, G-f-tm sections on sialinized slides were dewaxed
and digested with 100 /LglmL proteinase K for 15 minutes in a

37"C incubator, Sections were subsequently washed in water and
dehydrated in ethanol. Sections were incubated with hybridiza-
cion buffer containing 100 nglmL of EBER-I/EBER-2 probe.

The EBER probes and target nucleic acid were denatured using
microwave irradiation followed by hybridization overnight at

42°C in a hot air oven. After high-srringency washes in
O.lx SSC at 55'C, hybridized probes were detected using mouse



antidigoxin rnab (1/5,000; Sigma, UK) followed by me avidin-

biotin complex peroxidase technique' (ABG-Elite kit, Vector

Laboratories, VK) and DAB as me chromogenic substrate. We
examined all lesions blindly, i.e., without knowledge of the other

results or the histolcglc status of the MS lesions. A negativecon-
rrol (using PBS insteadofEBER probes) was included with each

sample. Hodgkin lymphoma or post-transplant lymph oma
(pTLDl sections were included as positive control. with. each

batch. In our previous studies," .rs ncgauve controls included
treatment of sections with RNaseprior ro hybridization with

EBER probes and using random probes of the same size and GC

conrenr to EBER probes. Our findings consistently showed that

our EBER probes were highly specific, giving positive signals

only in samples containing EBV.

EBER-encoding plasmids, Plasmid. encoding EBERl

or EEEIU were prepared by cloning PCR-amplified 895-8

REV REERl or EBER2 DNA digested with BglIl and HindJIJ
into pSUPER (Oligolingine Lrd., Seattle) between me BglII and
Hindllf sites. EBER plasmids were calibrated and found to give
transient expression similar to that found in EBV -Infecred cells
as determined by N orthero blotting and /low cyrornetric staining
for EBER-RNA.

Primers were as follows:
EBERIB~ITCCAGATCTCCAGGACCTACGCTGCCCT
EBER! Hind ill CCAAGCITGGATGCATAAATCCTAA

EBER2 Bgl ITCC'AGATCTCCAGGACAGCCGTIGCCCT

EBER2 Hind ill CCAAGCITGGGTGCMAACTAGCCA

Transfection of EBER-cncoding plasmids Into
HEK293/TLR3 cells. HEK193 cells stably rransfected with

TLR.3 (Invivogen, UK) were cultured in Dulbecco modified ea-
gle medium supplemented with 10% FCS, penicillin (lOO
V/mL), and streptomycin (100 p.g/mL) and 5 p.glmL of blas ri-

cidin for sclcceion.
Plasmids encoding EBERI, EBEIU, or empty vector were

used to transfect HEK293ffLR3 cells, seeded at 7.5 x 104/mL
in 24-well plates. Cells were 80% confluent at the time of trans-
fccrion with Fugcnc MD (Roche) at a ratio 0[0.75 /Lg Fugene:
0.5 1-'-15of DNA A GFP-<:neoiling plasmid (Lonza, UK) was

couansfecred as a control. and comparable transfection efficiency
checked by microscopy. As positive controls, cells were transfected
with polyle at the same rario, Transfecrions were performed in
duplicate and supernataots were collected alter 24 hours of culrurej

their IFNa content was determined with a human IFNa multi-

subtype ELISA kit (PIR Interferon Source, UK),

Data acquisition 'amhtati$tieal analysis. The numbers .of
IFNa+ cells/mm2 were counted in 3 100x parenchymal fields
per lesion with a total area = 1.735 x lOG iLm' using Image]
(NTH). Digital images of tissue sections were made with Olym-

pus light microscope BX41 and Zeiss camera (Zeiss, Thorn-
wood, Nr). To investigate IFNa protein colocalizarion,
multiple images were acquired using a ccnlccal microscope (Bio-
Rad, Hercules, CA). We performed semiquantification by
counting ofEBER+, LMP-l +, and gp350+ cells in perivascu-
lar cuffs and parenchyma of MS lesions wirh different activity

and observations were confirmed blindly by a second patholo-
gist. Statistical analysis was performed using analysis of variance

(SPSS, IBM).

RESULTS IFNa is expressed in active areas of MS
lesion. by HLA class II-expressing cells. To investi-
gate the potential role of innate immunity in the
pathogenesis of MS, we studied the expression of

IFNll' within white matter of MS lesions with differ-
ent disease activity. Large numbers of cells labding
very strongly for IFNll'+ were observed consistently
in all the acute lesions (figure lA) and borders of
chronic active MS lesions (figure IB). In conrrasr, we
found ~5 times fewer IFNll'+ cells in the inactive
centers of cbronic active MS lesions (figure 1C) and
in inactive MS lesions (figure ID). IFNa+ cells were
rare in normal-appearing white matter (figure lE)
and normal control brain tissue (figure IF). These
differences and their significance are quantified in
figure IJ.

The If'No-producing cells were consistently HLA
class II+ in MS lesions, and showed the morphology
of macrophages/rnicroglia (figure 1, G-I). In sharp
contrast, B cells (CD19+), T cells (CD3+), astro-
cytes (GFAP+), and oligodendrocytes (PLP+)
showed no detectable immunoreactivity for IFNa
(figure e-lA).

Detection of EBV RNAs and proteins in active MS
lesions that show IFN", signatures. We next checked
for the presence of EBV~infected cells in active MS
lesions overexpressing IFNa by EBER-ISH. This ap-
proach, therefore, represents a preselection strategy
to identify active MS lesions, and increase the possi-
biliry of finding EBER + cells. Positive controls
included Hodgkin-, post-transplant-, and AIDS-
associated CNS lymphomas and oral hairy leukopJa-
kia (OHL), all of which were. known to be EBV +.
Our disease controls were 2 cases of stroke and 1each
with subacute sclerosing panencephaliris (SSPE) and
herpes simplex encephalitis (HSE), and there were 2
healthy control brains (table c- 1).

We observed EBER+ cells in white matter areas
of all the active MS lesions (figure 2A), including
active areas of chronic-active MS lesions (figure 4A
and figure e-Z, C). In all cases, the EBER signal was
nuclear, as in the Hodgkin lymphoma control (figure
2D). We serniquantified EBER+ cells in perivascu-
lar cuffs and categorized cases-into (-) no EBER +
cells; (+) 1-5 EBER+ cells; (++) 6-20 EBER+
cells; (+ + +) more than 20 EBER + cells; and
(++ + +) more than 20 EBER + cells in perivascu-
lar cuffs and additional dispersed positive cells in pa-
renchyma as shown in table e-L The perivascular
areas of most active MS cases harbored around 20
EBER+ cells.

We next checked for EBV-encoded markers for
its latency program IIIIll (LMP-l) and lytic replica-
tion {gp350). The LMP-l antibody stained cyto-
plasm and surface membranes in the Hodgkin
lymphoma (figure 2E) as previously described." We
observed cross-reactivity ofLMP-1 with o-synuclein

ill brain tissue, which led to strong background stain-
ing, particularly in the cortex rather than white

Neuroloqy78 January3. 2012_. . 17



Figure 1 Interferon flI (lFN",) is expressed in white matter areas of aetive multiple sclerosis (MS) lesions by
human leukoeyte antigen IHLAJ class 11+cells
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(A-F) IFNa immunostaining (brown signal) in MS lesions of different activity. (A) Acute lesion {case 1). In (B). an active border
of a chronic active lesion is seen (case BA) and in (C), an inactive center of a chronic active lesion (case 6A). (D) Inactive
lesion (case 6B), (E) normal-appearing white matter (NAWM) (case 3)' and (F) control brain tissue {case 8]. All sections were
counterstained with hematoxylin. Scale bar = 50 fIITl· In (G), staining of active area of chronic active lesion (case 5) for IFN"
(green), and in (H) for major histocompatibility complex (MHC) class 11 (macrophages/microglia; red). (I) Overlay of IFNa and
MHC class 11 staining (yellow). Scale bar; 10 ",m. (J) Histogram shows quantitative analysis of density of IFNa+ cells in MS
lesions of different activity, in NAWM and in control brain (cases 1-9). Significantly higher densities of IFNa+ cells were
present in acute MS lesions (130 :!: 9.4 cells/mm2) and active borders of chronic active MS lesions (114.8 ± R7 cells/mm2)
compared to inaclive MS lesions (18.22 ± 2.8 cells/mm"), NAWM (4.4 ± 1.2 cells/mm2), and control tissue (12.25 :! 2.0
cells/mm"), p < 0.0001.
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Figure 2 Epstein-Bftrr virus !EBVIinfection ill found in active multiple sclerosis (MS) lesions by in situ hybridization
and immunohistochemistry

EBER LMP-1

A

MS

D

Hodgkin's

lymphoma

gp350

MS

OHL

(A, D) Expression of EBV-encoded RNA (EBER) (EBER1/EBER2, brown signal) in active MS lesion (A: case 4B) and Hodgkin lymphoma case (0: case 15). (B,
E) latent membrane EBV protein (LMP-l) was occasionally detected in the active MS lesion (B: case 4B) and Hodgkin lymphoma (E: case 16). (C, F) Lytic
virus replication, as assessed by staining with gp350 antibody, was only occasionally detected in the active MS lesion (C: case 48) but was pronounced in
oral hairy leukoplakia (OHL) (F: case 18). A-C: scale bar: 20 p'm; D-F: scale bar: 30 p.m.

matter areas." We detected gp350+ cells in OHL
tissue (figure 2F). We only found the occasional
LMP-H and gp350+ cell in EBER+ active MS
lesions (figure 2, B and C). The results of this semi-
quantification are shown in table e-l. We also

stained consecutive sections for EBERs and IFNa.
Indeed, areasof acute MS lesions consistently exhib-
ited a dual IFN alEBER signature (figure 3, A and
B). EBER+ andlFNa+ cellswere found in perivas-
cular areas, however, IFNa+ cells were also promi-

FigureS Active multiple sclerosis (MS) lesions carry an interferon", (lFNa)/EBV-encoded RNA
{EBER}+ lIignature

IFNa+ cells (A) and EBER+ cells (B) in white matter areas of an acute MS lesion (case 3}.IFNa+ cells (D) and EBER+ cells (E)
can only occasionally be found in white matter areas of an inactive MS lesion (case 68). CD79a+ B cells in acute MS lesion
(C) and inactive MS lesion (F). Scale bar: 20 I'm.
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Figure 4- In IIIl\! hybrIdizatIon .for EBV-encoded RNA.(EBERl in non-multiple
"",I",<o,,;s (MS} control eNS tissua

A t ,

MS Brain lymphoma

c o, . . .

-
Stroke Control

[A) Presence of EBER+ cells [brown signal) in perivascular area of active MS lesion [case 3)
and (B) in HIV-associated CNS lymphoma (case 141. (C) Perivascular area of stroke case
(case 121 and in (D) another neurologic control (case 8). Scale bar: 40 jLm.

nent in the parenchyma, whereas inactive MS lesions
showed only the occasional IFNa or EBER + cell
(figure 3, D and E). The majority of perivascular and
parenchymal EBER + cells had the morphology and
distribution of B cells, which correlated wii:h lesion
activity (figure 3, B, C, E, and F).

We conclude that EBV infection is present in ac-
tive white marrer MS lesions. Most infected cells har-
bor latent virus. EBER + cells were more prorninen t

FigureS Epstein-Barr virus-encoded RNA{EBERll and EBER2 tranllfection
into TLR3-expressing human embryonic kidney (HEK)293 cells
elicits interferon a (lFNal production
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Significant production of IFNa upon transfection of TLR3-expressing HEK293 cells with
plasmids encoding EBERl or EBER2 (EBER1: p = 0.0064, EBER2: p = 0.024, vs vector
alone) and polylC (p - 0.01181. Data are elso shown for cells transfected with empty vector
or poly IC. The greph shows mean levels of IFN", production 24 hours post-transfection.
Error bars representthe SO of 3 independent experiments.
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than LMP-l + cells, only occasional cells undergoing
lytic replication.

Is cerebral expression of EBERs restricted to MS? We
next studied brains aikcted by a variety of other dis-

orders. EBER + cells were detected in perivascular
areas in Hlv-associared CNS lymphoma (figure 4B).
Stroke is another neurulogic disease, where inflam-
mation appears to play an important early role in
pathogenesis.F Interestingly, we detected EBER +
cells in 2 cases of stroke (figure 4C and figure e-Z, E)
but not in the white matter of healthy control brains
(figure 4D). The EBER + cells were dispersedly lo-
cated all over the inflammatory area (both perivascu-
lar and in the parenchyma). Evidently, EBER+ cells
can be found in other inflammatory conditions such
as stroke, which raises interesting questions about
their contribution to neuroinflammation in general.

EBERs elicit IFNa production in TLR3-expressing
HEK cell cultures. Finally, we tested whether EBERs
could elicit IFNa production and thus contribute to
neuroinflammation in the CNS. EBERs form
double-stranded (ds) RNA-like molecules with stem-
loop strucrures.P Virally encoded dsRNAs are one of
the proximal inducers of type I IFN production, and
their effects can be mimicked by treatment of unin-
fected cells with the syntheticdsRNA, poly(I):
poly(C) (polyIC).24 HEK cells, stably expressing
TLR3, were supertransfected with polyIC, which in-
duced significant IFNa production (figure 5). Pro-
duction of IFNa also increased significandy when
these cells were transfected instead with either
EBERl or EBER2 expression plasmids. Thus even
latent EBV infection can trigger IFN a production
observed in active MS lesions, and therefore contrib-
ute to the neuroinflammation.

DISCUSSION The MS brain shows characteristic
inflammation that targets myelin sheaths and leads to
focal destruction and demyelinated plaques in the
white matter. Analysis of white matter areas revealed
overexpression of the proinflammatory cytokine
IFNa in active MS lesions. Notably, we found
EBER+ cells in areas ofIFNa overexpression. Fur-
thermore, the occasional LMP-I + and gp350+ cells
were also present in EBER + MS lesions. Whereas we
detected no signs of EBV infection in white matter
areas of SSPE, HSE, and control brains, EBER +
cells were also present ·inCNS lymphoma and stroke.
We also showed that EBERs can elicit IFNa produc-
tion by TLR3+ HEK cells, and can thus contribute
to the inflammation inactive MS lesions. Together
with the overexpression ofIFNa that we found there
too, these findings imply activation of innate im-
mune responses associated with the hitherto unre-



ported EBV infection, consistent with its proposed
involvement in MS pathogenesis. Our findings sug-
gest that latent EBV infection may contribute signif-
icantly to neuroinflammation in patients with MS
and possible others, toe.

Production of IFNa is seen during many differ-
ent systemic virus infections, e.g., EBV,2S Sendai,"
and measles viruses." However, there are endoge-
nous stimuli-too, as in systemic lupus erythematosus
(SLE)28 and Aicardi-Gourieres syndrome." Several
CNS disorders such as encephallris'" and neuropsy-
chiatric lupus" have been linked to dysregularion of
IFNa responses. We found HLA class II + cells-with
the morphology of microglia and macrophages ex-
pressed IFNa in active MS lesions in line with previ-
ous study." The presence of plasmacytoid dendritic
cells (pDCs) was assessed with 3 pDCs markers
(BDCA-2, CD123, CD2ap); pDCs were not de-
tected in active MS lesions in contrast to previous
fmdings32 (figure e-IB).

Though the possible roles of viruses in the patho-
genesis of MS have been discussed for many
years,33-35there are conflicting recent reports on EBV
infection in the MS brain.6-9 Our fmdings are in line
with previous reports, which describe the presence of
EBER + cells in the MS lesions" and the observation
that active EBV infection is not a characteristic fea-
ture of the MS brain.7-9 However, our study included
a novel preselection strategy and focused only on
white matter MS lesions rather rhan meningeal areas.
We believe that there are 2 primary reasons for the
discrepancies in previous reports: the sensiriviryand
specificity of the methodology and the clinical mate-
rial used. Techniques such as PCR, albeit very sensi-
tive, are dependent on the quality of the extracted
DNA, which is generally very poor hom formalin-
fixed tissues and amplification of larger fragments of
EBV (>300 bp) is not consistently possible. 56 In this
context, using EBER-ISH is highly favored. How-
ever, during the esrablishmenr of the EBER-ISH
methodology, we have identified that factors such as
tissue digestion, probe design, labding of EBER
probes, amount of probe used, microwave heating
prior to overnight hybridization, and the stringency
washes posrhybridizarion influenced' its sensitivity
and specificiry.!? Our probe targets EBERl and
EBER2 in contrast to all the other srudies.v" With
our oprimized protocol, we have consistently been
able to detect as little as a few EBV-infected lyrnpho-
cyres in entire sections.?

As we found EBER + cells not only in white mat-
ter areas of these active MS lesions but also eNS
lymphoma and 2 cases of stroke, we conclude that
the presence of ERV m;'ly not he unique to 'the MS
brain in contrast to previous findings," indeed, some

EBER + cells may well be included in the inflamma-
tory infiltrate. attracted by locally produced chemo-
kines and cytokines. We did not find EBER+ cells in
our SSPE and HSE cases. The inflammatory infIl-
trate may differ in SSPE and HSE. Alternatively
these cases may not yet be infected with EB'V, as in
the teenage SSPE case.

Our data addressing a potential mechanism of ac-
tion, e.g., the role of EBERs·in eliciting IFNa pro-
duction, were supported by recent findings, which
showed active secretion of EBERs and binding to
extracellular TLR3 on dendritic cells, which trig-
gered type 1.IFN production. I! More recently, ex-
pression of EBERl in lymphoblastoid cell lines was
found to regulate IFNu6, as, and u4 genes.38 In
addition, binding of EBERs to cytosolic "recepror"
retinoic acid inducible gene 1 (RIG-I) also induced
type-I IFN production.39.40

Future studies should include more suitable con-
trolcases as this will be crucial to understand the role
of EBV in MS. Further characterization of EBER +
cells is also warranted as not all cells have the mor-
phology ofB cells, which is technically extremely dif-
ficult given the few RBV-infecred cells and problems
in combining immunohistochemistry with in situ
hybridization without compromising sensitivity and
specificiry.

Our study indicates that EBV may be more subtle
than we anticipated as active EBV infection is not a
characteristic feature of the MS brain. Perbaps that is
not too surprising as EBV is a persistenr virus with
the aim to coexist rather than eradicate the host.
Thus our srudy cases new lighr on mechanistic inter-
actions of viral RNAs and innate immune activation
in the eNS, and may highlight the propensity of
latent viral infections to contribute to neuroinflam-
mation in the eNS, not only in MS but also in other
neuroinflamrnarory diseases.
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Neurologists Needed to Volunteer in Haiti
The AA.N is working with Operation Blessing International (OBl) to promote opportunities for
neurologists to aid the victims of the January 2010 earthquake in Haiti. For one to two weeks,
physician volunteers will care fur patients with a variety of needs, and offer neurologic care when
necessary. To learn more about the work of OBl and this unique volunteer program, visit
www.ob.orglhaitiprojcaslvohlllteer,asp.

Get the Latest Drug Recalls and Warnings. Give the
Best Patient Care

The American Academy of Neurology and the Health Care Norification Network have teamed up
to offer AAN members a FREE service that delivers timely neurology-specific FDA-mandated
patient safety drug alerts direcrly ro your e-rnail inbox.

Don't miss this opportunity to provide the best-and safest-possible care for your patients:
visit urww.aan.comlviewIFDAalerts.
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