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Abstract Epstein-Barr virus (EBV) has been found by
many serology studies to be associated with systemic
lupus erythematosus (SLE). However, the results of
DNA studies have been conflicting. Therefore, instead
of antibody to EBV, we studied the association between
EBV DNA and SLE. In this case-control study in Tai-
wan, we enrolled 87 SLE patients and 174 age- and sex-
matched controls. Peripheral blood mononuclear cells of
SLE patients and matched controls were tested for EBV
DNA by polymerase chain reaction (PCR) and Southern
blot. Of the 87 SLE patients, 71 (81.6%) were found to
be positive for EBV DNA, while 85 (48.9%) of the 174

controls (odds ratio 4.64, 95% confidence interval 2.50–
8.62, P<0.0001) were positive. While the EBV DNA-
positive rate did not decline with age in SLE patients
(P>0.05), it did decline with age in controls (P<0.05).
Furthermore, based on a real-time quantitative PCR
study, we have found a significant difference between
EBV viral load in SLE and controls (P=0.008). There-
fore, in our molecular study of DNA level, we found
evidence for the association of EBV infection and SLE,
suggesting that EBV contributes, if not to the develop-
ment of SLE, then to disease perpetuation.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic
inflammatory autoimmune disease, characterized by the
production of large amounts of autoantibodies,
including antinuclear (ANA), anti-double stranded
DNA (anti-dsDNA), anti-Sm, anti-nuclear RNP and
anti-phospholipid antibodies [5]. Antibodies against the
spliceosome, also referred to as anti-Sm and anti-
nRNP, are common in lupus and can be found in
about 30–50% of patients [6]. This major autoimmune
response targets primarily the Sm B/B’ protein [1]. The
epitope peptide PPPGMRPP, which induces the earliest
anti-Sm autoimmune humoral response, has been
found to have the same structure as the Epstein-Barr
nuclear antigen-1 (EBNA-1) peptide PPPGRRP [6, 9,
11]. A high degree of homology has also been dem-
onstrated between the EBNA-2 sequence and the
antigenic Sm-D1 [8]. This molecular mimicry may play
an important role in the induction of anti-Sm B/B’ and
anti-Sm D1 by Epstein-Barr virus (EBV) infection in
SLE patients. Therefore, many investigators have sus-
pected that EBV might critically be involved in the
etiology of SLE.
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The first positive link between EBV infection and
SLE was found when a higher titer of anti-EBV anti-
body was noted in SLE in 1971 [3]. Since then, many
studies have used various angles to investigate the pos-
sibility of this link, many with different conclusions [4,
14, 21, 24, 26]. Twenty-six years later, in 1997, James
et al. [10] performed a large-scale case-control study to
look at the infectivity rate in children and teenagers with
SLE and found a striking association between EBV
seroconversion and SLE with an impressive odds ratio
of 49.9. Then, using the same method, James et al. [12]
extended this study to adult lupus patients and found an
odds ratio of 9.35. However, the increase in antibodies in
SLE was thought by some to be brought about by
generalized immune hyper-reactivity in lupus rather
than by any specific property of the EBV [21]. There-
after, it has been thought that the best way to clarify this
question would be at the DNA level. Since previous
EBV DNA studies in SLE were inadequate due to
sample size, and since their results conflicted with each
other [8, 10, 15, 24], we conducted this strict case-control
study using a larger number of cases and a sensitive
method of detecting EBV, i.e., qualitative and quanti-
tative assay of EBV DNA.

Materials and methods

Patients and controls

For the case-control study, 87 patients who satisfied the
1997 updating American College of Rheumatology
(ACR) revised criteria for the classification of SLE were
enrolled [7]. As normal controls, 174 individuals, who
did not report having SLE, were matched for age and
sex. The mean age of the SLE patients was
35.3±9.7 years and the normal controls
34.8±10.0 years (P=0.575, by t-test). The age range in
both groups was 20–64 years. The female to male ratio
was the same between SLE and healthy control (80 fe-
males and 7 males in the SLE group, 160 females and 14
males in the control group). All the SLE patients and
controls were Asian.

Isolation of peripheral blood mononuclear cells

Peripheral blood (2 ml) was centrifuged in an EDTA
tube at 2,500 rpm for 10 min. After removing the plas-
ma, peripheral blood mononuclear cells (PBMCs) were
harvested by 2 ml Ficoll-Paque plus (Amersham Bio-
sciences) at 1,300 rpm for 20 min. The mononuclear cell
layer was carefully aspirated and washed in phosphate-
buffered saline (PBS) at 1,100 rpm for 10 min.

DNA extraction from PBMC

The cell pellet was resuspended in 100 ll PBS. Then,
800 ll solution I (25 mM EDTA, pH 8.0; 75 mM NaCl)

was added and mixed with 80 ll 10% SDS and 10 ll
proteinase K in a 50�C water bath for 3 h. DNA was
extracted using a standard phenol-chloroform method
and precipitated with ethanol. The concentration of
DNA was determined by spectrophotometrically at
260 nm. Genomic DNA was stored at the concentration
of 500 ng/ll.

Detection of EBV DNA by PCR/Southern blot

PCR

PBMC DNA (500 ng) was applied to detect the EBV
genomes by PCR using the primers: forward 5’-
CCAGAGGTAAGTGGACTT-3’ and reverse 5’-
GACCGGTGCCTTCTTAG-3’ [10]. The PCR product
of 122 nucleotides was sequenced and shown to be
identical to one published previously (position 14,614–
14,735, GenBank accession no. V01555). PCR reactions
contained, in total 50 ll, 4 ll template DNA, 5 ll 10x
reaction buffer (50 mM KCl, 10 mM TRIS-HCl at
pH 8.0, 1.5 mM MgCl2, 0.1% Triton X-100, from Pro-
tech Technology), 0.2 mM each of dNTP, 0.5 lM
primers and 2 U Taq DNA polymerase. PCR was
performed in the thermal cycler, GeneAmp 2400
(Perkin-Elmer, Branchburg, NJ). The cycles used were
as follows: 2 min at 95�C, 1 min at 59�C, 1 min at 72�C
(2 cycles), 2 min at 94�C, 1 min at 58�C, 1 min at 72�C
(2 cycles), 1 min at 94�C, 1 min at 57�C, 45 s at 72�C (35
cycles) and extension for 5 min at 72�C.

Southern blot

PCR products were Southern-blotted with a digoxigenen
(DIG)-labeled probe corresponding to positions 14,639–
14,676 [10]. The probe labeling with DIG-dUTP/dATP
was performed with 100 pmol oligonucleotides, 50 U
terminal transferase, 1 ll DIG-dUTP and dATP, 4 ll
reaction buffer and COCl2 solution in a final volume of
20 ll. The detailed procedure for Southern blotting is
showed below.

Transfer and fixation of PCR product PCR product
(20 ll) was loaded onto a 2% agarose gel, and run in the
0.5· TBE buffer for 30 min at 100 V. The gel was rinsed
with 0.25 MHCl for 4 min, denaturation solution (1.5 M
NaCl, 0.5 MNaOH) for 3 min, and neutralizing solution
(1 M TRIS, 2 M NaCl, pH 5.0) for 3 min. Meanwhile, a
positive-charged nylon membrane was briefly pretreated
with 6· SSC. The gel was transferred onto the pretreated
nylon membrane in 20· SSC transfer buffer. Positive
pressure of 40-cm H2O was applied for 1 h to facilitate
transfer. The membrane was air dried. DNA fixation was
performed using 120 mJ in a UV-cross-linking machine
(Startalinker, Stratagene, La Jolla, CA).

Hybridization The transferred membrane was
prehybridized in the hybridization buffer, DIG Easy

116



Hyb (Roche Diagnostics, Germany) for 1 h at 42�C.
DIG-tailed probe (10 pmol/ml hybridization buffer) was
added. This mixture was incubated with the membrane
overnight at 42�C. After hybridization, the membrane
was washed twice with wash buffer I (2· SSC, 0.1%
SDS) for 5 min, and twice with wash buffer II (2· SSC,
0.1% SDS) for 15 min at 65�C. The membrane was then
rinsed in maleic acid buffer (Roche Diagnostics) for
2 min.

Detection To visualize probe-target hybrids, chemilu-
minescence detection was performed as described in the
DIG Wash and Block Buffer Set and DIG Chemilumi-
nescence Detection kit (Roche Diagnostics). First, the
membrane was blocked with Blocking Solution for
30 min and the probe-target hybrids were localized with
1:1,000 dilution of anti-DIG AP antibody solution.
Unbound antibody was then washed off twice with wash
buffer. The chemiluminescent substrate, CSPD was ad-
ded to the blot and the damp membrane was incubated
for 10 min at 37�C. Finally, the membrane was sealed in
the envelope and exposed to X-ray film for about 20 min.

The detection limit for the PCR/Southern blot is 9
viral copies in 1 lg DNA (5 viral copies in 105 PBMC).

Quantification of EBV viral load using a LightCycler
PCR

The quantification of EBV viral load was performed
using a LightCycler-EBV Quantification Kit (Roche
Molecular Biochemicals, Mannheim, Germany). Total
reaction volume of 20 ll contained 15 ll master mix and
100 ng of the corresponding DNA template. Reaction
capillaries (Roche Diagnostics) were loaded and centri-
fuged before being placed in the LightCycler instrument
(Roche Applied Science). PCR amplification was per-
formed as follows: 10 min of denaturation at 95�C fol-
lowed by 45 cycles of 10 s at 95�C, 15 s at 55�C, and 15 s
at 72�C for amplification, 60 s at 40�C for the melting
curve, and 30 s at 40�C for the cooling step.

Statistics

Fisher’s exact test was used to analyze the differences in
frequencies of positive EBV DNA in PBMC between

patients with SLE and healthy controls. Chi-square test
for the linear trends was measured to compare the
relationship between age in the two different groups.
Mann-Whitney U test was used to compare EBV viral
load. A P value of less than 0.05 was regarded as sta-
tistically significant. The odds ratio with 95% confidence
interval (CI) was calculated to estimate the risks for
acquiring SLE when PBMC are found positive for EBV
DNA. All statistical analyses were performed using
SPSS software (version 10.0.1).

Results

Of the 87 SLE cases tested, 71 (81.6%) had detectable
EBV DNA. Of the 174 matched controls, 85 (48.9%)
had detectable EBV DNA (odds ratio 4.64, 95% CI
2.50–8.62, P<0.0001; Table 1).

In the control group, the positive rate of EBV DNA
in PBMC declined with age (P<0.05, chi-square test for
the linear trends). In the SLE group, the frequency of
positive EBV DNA remained at 74.2% or more re-
gardless of age (P>0.05, chi-square test for the linear
trends) (Fig. 1).

EBV viral load was determined for 21 cases with SLE
and 21 matched controls. Patients with SLE had a
higher number of copies of EBV DNA in PBMCs than
healthy controls (means ± SEM, 216.2±60.5 vs
44.6±19 copies/lg DNA, respectively; P=0.008, by
Mann-Whitney U test) (Fig. 2).

Discussion

This study has provided definite molecular DNA evi-
dence associating EBV infection and SLE. There have
been four previous studies using detection of EBV DNA
to determine whether there was a relationship between
EBV virus and SLE [8, 10, 15, 24] (Table 2). Two studies
produced positive results, two negative results. We
therefore decided to test for EBV DNA in PBMC and
SLE in a case-control study with a large sample size.

We used PCR/Southern blot to detect EBV DNA, a
method known to be more sensitive and more specific
than simple PCR assay. The detection limit of this PCR/
Southern blot assay is 9 viral copies in 1 lg DNA (5

Table 1 Detection of EBV-DNA from PBMC in cases of SLE patients and matched controls (EBV Epstein-Barr virus, PBMC peripheral
blood mononuclear cells, SLE systemic lupus erythematosus, O.R. odds ratio, CI confidence intervals)

Ages
(years)

SLE patients,
no. positive/total tested (%)

Normal controls,
no. positive/total tested (%)

O.R. 95% CI
of O.R.

P value

20–29 23/31 (74.2) 40/62 (64.5) 1.58 0.16–4.12 0.242
30–39 19/25 (76) 22/50 (44) 4.03 1.38–11.8 0.008*
40–49 25/26 (96.2) 22/52 (42.3) 34.1 4.29–271.01 <0.0001*
>50 4/5 (80) 1/10 (10) 36.0 1.77–732.13 0.017*
Total 71/87 (81.6) 85/174 (48.9) 4.64 2.50–8.62 <0.0001*

*P<0.05 indicates significance by Fisher’s exact test
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viral copies in 105 PBMC). Therefore, we believe that
this method is sufficiently sensitive. The EBV DNA-
positive rate in SLE was higher than in normal control,
with an odds ratio of 4.64 using this qualitative assay
(Table 1). Our viral load study demonstrated that pa-
tients with SLE had a 4.8-fold increase in EBV genome
levels compared with the control group (Fig. 2). Re-
cently, Kang et al. [13] described a similar finding, with
SLE patients showing a 40-fold increase in EBV viral
load in PBMC compared with health controls. Taken
together, an association between EBV DNA and SLE
has been established.

Another question is whether EBV is the cause or
the result of SLE. EBV may contribute, at least in
part, to development of lupus. After primary EBV
infection, EBV resides and remains in human B cells
[19]. These B cells are central to the production of
autoantibodies, which are critical for the laboratory
diagnosis and clinical manifestation of SLE [20]. EBV
nuclear antigen-1 and –2 (peptide sequences
PPPGRRP and GRGRGRGR) share highly similar
structures with two lupus autoantigens, Sm B/B’ and
Sm D1, respectively [1, 8, 9, 11, 18, 23]. In the lytic
cycle, EBV expresses a protein, Zta, which serves a
critical function in the transcription transactivator of
the human IL-10 [17], which is known to be able to

Fig. 2 EBV viral copies/lg DNA in peripheral blood mononuclear
cells are compared between SLE patients (n=21) and healthy
controls (n=21); P=0.008 (Mann-Whitney U test between two
groups). Horizontal bar indicates mean copies of EBV DNA

Fig. 1 The relationship of
positive rate of EBV DNA with
age between SLE patients and
normal controls. In the SLE
group, positivity for EBV DNA
persists at high levels. In normal
controls, the EBV DNA-
positive rate declines with
increasing age. P<0.05 value
indicates significance (chi-
square test for the linear
trends). Bars indicate 95%
confidence intervals for the %
of cases positive for EBV DNA
(EBV Epstein-Barr virus, SLE
systemic lupus erythematosus)

Table 2 EBV-DNA-positive rates in SLE patients and normal control. Age is given in years (?? not recorded, P PCR, P + S PCR/
Southern blot)

Author Specimen
source

Age group of SLE
(control)

Method SLE, no. positive/total
tested (%)

Controls, no.
positive/total
tested (%)

P value

Tsai et al. [24], Taiwan PBMC 13.0±8.1 (16.9±3.3) P + S 3/20 (15) 0/20 (0) 0.231
James et al. [10], USA PBMC 15.79±2.15 (15.4±2.51) P 32/32 (100) 23/32 (72) 0.002*
Lau et al. [15], Hong Kong PBMC ?? P + S 20/34 (59) 16/22 (73) 0.394
Incaprera et al. [8], Italy Oropharyngeal

lavage fluid
?? P 8/15 (56) 6/28 (21) 0.046*

Present study, Taiwan PBMC 35.3±9.7 (34.8±10.0) P + S 71/87 (81.6) 85/174 (48.9) <0.0001*

*P<0.05 indicates significance by Fisher’s exact test
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increase anti-dsDNA production and reduce the
number of cytotoxic T cells [16]. Taken together, these
findings suggest that EBV may play an role in the
development of SLE.

From a different viewpoint, SLE patients may have
an immune defect in the management of EBV infec-
tions. Aya et al. [2], for example, found antibody-
dependent cellular cytotoxicity for EBV-infected
lymphocytes to be significantly more impaired in SLE
patients than in normal controls. Cytotoxic T cell-
mediated immunity is required to control EBV infection
and kill EBV-infected B cells. Tsokos et al. [25] also
found that SLE patients have defective suppressor
T cell responses to EBV induction of normal B cell
response. In addition, SLE had increased EBV-specific
CD4+ T cell response and perhaps decreased
EBV-specific CD8+ T cell response. This altered T cell
response against EBV virus means that SLE patients
have defective control of latent infection [13]. The
primary EBV infection, which occurs in most individ-
uals during childhood or adolescence, causes latent or
lifelong infection in the host. As shown in Fig. 1, EBV
DNA-positive rate declined with age in normal groups.
However, positive rate for EBV DNA did not decline in
SLE, and remained at between 74.2% and 96.2% in
these patients, regardless of age, suggesting that SLE
patients indeed do have some defect that prevents them
from controlling the EBV infection.

More than any of the conflicting studies over the past
30 years, this study provides molecular DNA evidence
associating EBV infection with SLE, although the exact
mechanism for this association remains unclear. Further
studies are needed to investigate the relationship of EBV
infection to the development of SLE or its disease per-
petuation.
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