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ABSTRACT. Objective. To investigate control of Epstein-Barr virus (EBV) infection in rheumatoid arthritis (RA)
by comparing the frequency phenotypes and function of peripheral CD8+ EBV-peptide antigen-specific T cells in patients with RA and healthy longterm carriers of EBV.
Methods. The frequency of interferon-γ (IFN-γ)-producing HLA-A2 or HLA-B8-restricted EBVreactive CD8+ T cells in peripheral blood mononuclear cells (PBMC) from 49 RA patients and 26
healthy EBV carriers was evaluated in Elispot assays with 12 lytic/latent peptide epitopes. Direct
staining with HLA-peptide tetramers containing 3 of these peptides was performed for comparison.
The phenotype and function of these T cells was determined by FACS and cytotoxicity testing.
Results. IFN-γ production patterns in Elispot assays revealed that EBV-specific CD8+ T cells were
directed predominantly against the lytic epitopes A2/GLC and B8/RAK and to a minor extent to all
the other lytic and latent epitopes tested, with no significant differences of the frequencies in patients
and controls. However, although similar frequencies of CD8+ T cells stained with A2/GLC or
B8/RAK tetramers in both groups, the fraction of A2/GLC or B8/RAK-reactive T cells producing
IFN-γ in response to specific peptide antigen was significantly lower in RA patients than controls.
The A2/GLC or B8/RAK tetramer-positive T cells were also substantially enriched in CD28–CD27–
T cells of a late-differentiated phenotype in RA patients but not in controls.
Conclusion. RA patients show clonal expansion of dysfunctional, terminally differentiated CD8+
EBV-specific T cells in their T cell responses to immunodominant lytic peptide EBV epitopes, which
could be a sign of specific impairment of virus-host interactions in RA. (J Rheumatol 2005;
32:239–51)
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In rheumatoid arthritis (RA), microbial agents are suspected
to function as environmental triggers of autoreactivity1.
Among several viruses, Epstein-Barr virus (EBV) has been
suggested to be involved in the pathogenesis of RA on the
basis of clinical and experimental observations2-4. In particFrom the Section for Transplantation-Immunology and
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CD8+ MEMORY T CELLS
T CELL DYSFUNCTION

ular, altered humoral and cellular immune responses
towards different viral antigens, such as the Epstein-Barr
nuclear antigen-1 (EBNA-1) and gp110, have been reported
in patients with RA and shown to include cross-reactivities
with self-antigens5-12.
In healthy individuals, EBV usually establishes an
asymptomatic life-long persistent infection, in which B cells
become latently infected and are thought to represent the
virus reservoir in vivo, whereas viral lytic replication is
focused on permissive epithelial cells of the oropharynx13,14. Compared with latently infected healthy controls,
RA patients have been reported to exhibit a higher degree of
productive EBV infection in epithelial cells of the oropharyngeal mucosa15,16, as well as a higher EBV load and frequency of infected B cells in the peripheral blood17,18.
Several studies have also shown that EBV-DNA can be
readily detected in inflamed synovial tissues of a large proportion of patients with RA19-21 concomitant with synovial
accumulations of EBV-specific T cells22,23. The importance
of T cells in controlling EBV infection has been recognized
in patients after transplantation developing EBV associated
lymphoproliferative diseases due to immunosuppression of
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T cells24,25. In healthy longterm carriers of EBV, CD8+ T
cell responses against the immediate early and early lytic
cycle EBV proteins are readily detectable in peripheral
blood, and are usually more abundant than those specific for
latent proteins26-30. In RA patients, EBV-specific CD8+ T
lymphocytes also appeared to be predominantly directed
against epitopes from lytic cycle proteins and to accumulate
in synovial fluids31,32. Previous analysis had claimed that
the function of EBV-cytotoxic T cells could be disturbed in
patients with RA33,34. In recent studies of T cell abnormalities in RA, decreased expression of signal transduction molecules for lymphocyte activation was found as a sign of generalized dysregulation of T cells, particularly in synovial
lymphocytic infiltrates35,36. Thus, one of the reasons for the
observed higher rate of productive EBV infection in patients
could be defective T cell control of EBV replication.
In this study, peripheral CD8+ T cell memory responses
against 12 different lytic and latent EBV-peptide epitopes
were analyzed in 49 patients with RA in comparison to 26
healthy longterm EBV carriers by Elispot and direct staining
with HLA-peptide tetrameric complexes. The results indicate that patients with RA enrich terminally differentiated
CD8+ T cells with signs of dysfunction in their dominant T
cell immune reactivity against lytic epitopes of EBV.
MATERIALS AND METHODS
Patient and control sample. Heparinized and EDTA peripheral blood samples were collected from 49 patients who met the RA criteria of the
American College of Rheumatology (ACR)37, as well as from 26 healthy
volunteer controls (Table 1). Peripheral blood mononuclear cells (PBMC)
were isolated by density gradient centrifugation using Ficoll 400
(Amersham, Freiburg, Germany) and cryopreserved in 10% dimethylsulfoxide, 20% fetal calf serum (FCS; Sigma Aldrich, Taufkirchen, Germany),
and 70% RPMI-1640 medium (Invitrogen Life Technologies, Karlsruhe,
Germany). Thirty-four of the 49 patients previously had received
methotrexate (10–25 mg) and/or corticosteroids (5–15 mg) as immunosuppressive therapy. The study was approved by the Ethics Committee of the
Medical Faculty, University of Tübingen, and all patients and controls gave
informed consent.
Cell lines. The HLA-A*0201 homozygous EBV-transformed B-lymphoblastoid cell lines JY and Boleth, as well as the HLA-A2 negative cell
line Cox (derived from the 10th International Histocompatibility
Workshop, IHW 9287, IHW 9031, and IHW 9022) and the TAP-deficient,
HLA-A2-positive cell line T2 (CRL-1992; American Type Culture
Collection, Manassas, VA, USA) were cultured in RPMI-1640 supplemented with 2 mM L-glutamine, 100 µg/ml penicillin, 100 µg/ml streptomycin (Roche Diagnostics, Mannheim, Germany), and 10% heat inactivated FCS (Sigma Aldrich).
Diagnosis of EBV infection. Prior EBV infection was diagnosed by the
detection of IgG antibodies to EBNA and of IgM antibodies to viral capsid
antigen (VCA) in sera from RA patients and control participants by ELISA.
All patients were EBNA IgG-positive, and 5 (Patients RA3, RA4, RA30,
RA31, RA36) also were VCA IgM-positive. Controls and patients were
considered EBV seronegative if the antibody titers were < 1:10 (below the
level of detection). In addition, 200 ng of DNA isolated from 5 × 106
PBMC were amplified and hybridized for presence of DNA sequences of
the EBNA-LP region as described20.
Human leukocyte antigen (HLA) typing. Molecular HLA typing was conducted using Inno-LiPa HLA-A, -B, DRB1 typing kits (Innogenetics,

Table 1. Clinical characteristics of the RA patients and healthy controls.

Age, mean ± SD yrs
Men, n
Women, n
Serological EBV status
EBNA IgG positive
VCA IgM positive
EBV-DNA PCR
+ to +++ positive
(no. of individuals analyzed)
HLA genotype
HLA-A*0201
HLA-A*0206
HLA-B*08
DRB1*04
DRB1*01
RA grading
I
II
III
IV
Undefined
Immunosuppression
Methotrexate (10–25 mg) +
corticosteroids (5–15 mg)
Corticosteroids (5–15 mg)
Methotrexate (10–25 mg)

RA Patients,
n = 49

Controls,
n = 26

55 ± 13.8
12
37

43 ± 13.2
15
11

49
6

26
0

10 (23)

5 (16)

23 (homozygous 2) 20 (homozygous 1)
1
0
19 (homozygous 3)
6
15
10
10
5
4
26
8
3
8

—
—
—
—
—

15

—

10
9

—
—

Zwijndrecht, Belgium). For subtyping of HLA-A2 alleles, direct sequencing was performed as described38. HLA-A*02 or B*08 homozygous individuals are indicated in the tables.
Synthesis and purification of peptides. All EBV and control peptides were
synthesized by the solid-phase method using standard fluorenylmethoxycarbonyl (FMOC) chemistry on a MilliGen 9050 Pep Synthesizer
(Millipore, Bedford, MA, USA), purified to greater than 95% homogeneity
by reverse-phase high performance liquid chromatography (HPLC) and
validated by electrospray ionization (ESI) mass spectrometry. In addition to
published EBV-peptide epitopes, new potential T cell epitopes of EBV proteins were predicted by established peptide binding motifs for HLA-A2 and
–B8 using the online program SYFPEITHI (available at:
http://syfpeithi.bmi-heidelberg.com). Only peptide epitopes with a theoretical binding score greater than 24 were selected39 (Table 2). As a control the
HLA-A*0201 binding peptide KTWGQYWQV derived from gp100 was
used.
Elispot assay for interferon-γ (IFN-γ)-secreting cells. IFN-γ-producing
cells in response to stimulation with EBV-peptide epitopes were assessed
on PBMC and T cell clones as described40. We used 96-well MAHA S4510
plates (Millipore) precoated with 10 µg/ml of the anti-IFN-γ monoclonal
antibody 1-DIK (Hoelzel, Koeln, Germany) overnight at 4°C and then
blocked with complete medium (RPMI-1640 containing 10% FCS) for 2 h
at room temperature. PBMC were added in triplicate wells (1 × 105
cells/well) and incubated for 24 h at 37°C in 5% CO2 in the presence or
absence (negative control) of 10 µM synthetic EBV-peptide or with 1%
phytohemagglutinin (Invitrogen) as positive control. The following day, the
cells were discarded and the second anti-IFN-γ monoclonal antibody,
biotin-labeled 7-B6-1 (Hoelzel), was added at 1 µg/ml for 3 h, followed by
the addition of avidin-bound biotinylated horseradish peroxidase H
(Vectastain Elite Kit; Vector Laboratories, Burlingame, CA, USA) for 1 h
at room temperature. Individual IFN-γ-producing cells were detected as
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Table 2. Synthetic peptide epitopes from EBV lytic and latent cycle proteins used in this study.
HLA
Restriction
A*0201

B*08

A*02/B*08

Peptide

Sequence

AA
Position

EBV
Protein

Binding
Score*

Reference

A2/GLC
A2/QLL
A2/VMA
A2/LLD
A2/LLW
A2/CLG
B8/RAK
B8/FLR
B8/GPK
B8/AYR
B8/AAR
A2/B8 SVR

GLCTLVAML
QLLQHYREV
VMATLLPPV
LLDFVRFMGY
LLWTLVVLL
CLGGLLTMN
RAKFKQLL
FLRGRAYGL
GPKVKRPPI
AYRRRWRRL
AARQRLQDI
SVRDRLARL

280–288
195–203
520–528
284–293
329–337
426–434
190–197
325–333
242–250
234–242
147–154
464–472

BMLF1
BZLF1
EBNA-4
EBNA-6
LMP2
LMP2
BZLF1
EBNA-3
EBNA-3
LMP2
EBNA-6
EBNA-3

28
24
27
12
30
17
34
31
34
24
24
23/26

28
UP
UP
43
44
45
28
46
UP
UP
UP
47

* See Materials and Methods and reference 39. UP: unpublished.
dark purple spots after 8 min incubation with 3-amino-9-ethyl-carbazol
(AEC) dissolved in dimethylformamide (Sigma Aldrich) and diluted in
sodium acetate buffer (pH 5), as well as with the addition of H2O2. The colored spots were counted by an automated Elispot reader (Aelvis GmbH,
Hannover, Germany) and expressed as number of spots/106 PBMC after
subtraction of the negative control values. Responses were defined as undetectable if the numbers of spots did not exceed the mean of the background
values plus 3 SD.
HLA-A2 and –B8 tetrameric complexes. Soluble HLA-A*0201/peptide
tetramers were synthesized as described41,42. HLA-B8/RAK tetrameric
complexes were purchased from ProImmune (Oxford, UK).
Cell staining and sorting by flow cytometry. Frozen PBMC were thawed,
washed in PBS with 2% FCS and 0.1% sodium azide (staining buffer), and
then incubated with phycoerythrin (PE)-conjugated HLA-A*0201 tetrameric complexes (200 ng tetramers per 1 × 106 cells) or with 2 µl PE-conjugated HLA-B*0801 tetrameric complexes together with saturating amounts of
a PerCP-conjugated anti-CD8 mAb (clone SK1, Becton Dickinson
Biosciences, Heidelberg, Germany). Background labeling of tetramers was
validated by staining of PBMC obtained from HLA-A*0201–/EBV+ and
HLA-A*0201+/EBV– or HLA-B*0801–/EBV+ individuals as negative
controls. In several experiments triple-staining was performed by the additional use of one of the following fluorescein-isothiocyanate (FITC) conjugated mAb: anti-CD4 (BD Biosciences), anti-CD45RO (Dako, Carpenteria,
CA, USA), anti-CD45RA (Immunotech, Marseille, France), anti-CD28
(Immunotech), anti-HLA-DR (Dako), or anti-CD69, -CD27 or -CD57 (BD
Biosciences). Prior to analysis on a FACScan flow cytometer samples were
fixed in 2% formaldehyde. Samples that were used for cell sorting were not
fixed. Tetramer-positive cells were sorted on a FACSVantage flow cytometer using CellQuest software (BD Biosciences). After sorting, cells were
expanded and cloned as described below.
Intracellular cytokine assay. Staining for intracellular IFN-γ production
was done as follows: 1 × 106/200 µl PBMC were stimulated with 10 µg/ml
A2/GLC-peptide after 30 min preincubation with the respective tetramer at
37°C or were incubated with PMA/ionomycin (positive control) or not
stimulated (medium alone as negative control) at 37°C for 4 h with
brefeldin A (Sigma Aldrich). After washing, cells were stained with HLAA2/GLC tetramers (PE) and PerCP-conjugated mAb CD8 (BD
Biosciences) in PBS supplemented with 0.5% BSA on ice for 20 min. Cells
were washed with PBS/BSA, fixed and permeabilized with
Cytofix/Cytoperm (BD Biosciences Pharmingen), and stained intracellularly with IFN-γ-FITC (BD Biosciences) for 30 min at 4°C. Data files containing 100,000 events within the lymphocyte gate were acquired using a
FACScan flow cytometer. Frequencies of IFN-γ-positive cells within the
CD8+-PerCP and HLA-A2/GLC-PE tetramer-positive fluorescence lym-

phocyte gate were determined using CellQuest software. Negative controls
showed less than 0.01% of IFN-γ-positive cells.
Expansion and cloning of antigen-specific CD8+ T cells. The polyclonal
CD8+ T cell population obtained by flow cytometry sorting of HLAA2/GLC tetramer-stained CD8+ T cells was immediately plated in roundbottom 96–well culture plates in the presence of irradiated feeder cells
(allogeneic pooled PBMC and the HLA-A*0201+ B-lymphoblastoid cell
lines JY or Boleth) at a responder to stimulator ratio of 1:10,000 in X-vivo
15 medium (BioWhittaker, Taufkirchen, Germany) and of 50 U/ml of interleukin 2 (IL-2; R&D Systems, Wiesbaden, Germany). The T cells were restimulated weekly with the same stimulators as described above and fed
with 50 U/ml of IL-2 two days later. After 3 stimulation cycles the expanded T cell lines were tested for cytolytic activity.
In addition, T cells were cloned by limiting dilution in 96-well
round–bottom microtiter plates in the presence of irradiated feeders
(PBMC and B-lymphoblastoid cell lines), in X-vivo 15 medium and 50
U/ml of IL-2.
Cytotoxicity assay. The colorimetric Cytotoxicity Detection Kit (LDH)
(Roche) based on the measurement of lactate dehydrogenase (LDH) activity released from the cytosol of damaged cells into the supernatant was used
to evaluate cytotoxicity of EBV-peptide-specific T cells. Triplicates of 1 ×
104 T2 cells before and after loading with 10 µg/ml EBV-peptide were
incubated with increasing numbers of expanded sorted tetramer-positive T
cells in 200 µl X-vivo 15 medium in 96-well microtiter plates. After 4 h,
100 µl cell-free supernatant of each well was collected and incubated with
the reaction mixtures of the kit. The amounts of LDH in the supernatants
was determined as direct correlates to the amount of a formazan dye formed
during a time period of 25 min at 25°C and measured as absorbance (optical density, OD) of the samples (S) at 492 nm wavelength using an ELISA
reader. Background absorbance values were determined in control wells
with the assay medium only and subtracted from all other test values.
Spontaneous LDH release was analyzed as absorbance of wells with target
or effector cells only. As positive control values, maximum release of LDH
was induced in triplicate wells of target cells by the addition of 100 µl/well
of Triton X-100. Specific lysis was calculated by the following formula:
(sample) – (spontaneous release effector + spontaneous release target)
Specific lysis =________________________________________________________× 100%
(maximum release target) – (spontaneous release target)
Statistical analysis. All statistical procedures were performed with WinStat
for Microsoft Excel (Fitsch Software, Staufe, Germany). The MannWhitney test was used to determine statistical significance of differences of
all comparisons between RA patients and controls. P values less than 0.05
were considered significant.
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RESULTS
Detection of EBV-specific CD8+ T lymphocytes. To determine the frequencies of EBV antigen-specific CD8+ T cells
in peripheral blood of 49 RA patients and 26 healthy controls (Table 1), we first used the Elispot assay, which gave
the numbers of IFN-γ-producing T cells after stimulation
with 12 different EBV-peptides (Table 2). T cells reactive
against HLA-A2 binding epitopes from the EBV latent and
lytic proteins were evaluated in 23 EBV-seropositive HLAA*02+ patients with RA and compared to those of 16
healthy controls (Tables 3 and 4). With each of the peptides
no false-positive results were observed with EBV-immune
donors, such as Control HC18, lacking the restricting HLAA2 antigen (Figure 1) or with an EBV-seronegative HLAA*02+ donor (data not shown). T cells reactive against the
newly predicted lytic epitope A2/QLL or responding to any
one of the 5 latent epitopes tested were rarely present in the
RA patients and EBV-seropositive controls (Table 3). T cells
responsive to the lytic A2/GLC-epitope were detected in all
controls and RA patients except one (Patient RA16), who
carried an HLA-A*0206 suballele (Table 4). These
A2/GLC-specific T cells were present at similar levels in
RA patients (mean 99/106 PBMC) and healthy EBV carriers
(mean 104/106 PBMC).
In addition, 18 RA patients and 6 healthy EBV-immune
controls were analyzed for T cells reacting against 6 lytic
and latent EBV-peptide epitopes restricted by HLA-B8. As
shown in Table 5, T cells reacting against the lytic epitope
B8/RAK and the latent epitope B8/FLR were present in all
patients except one (Patient RA33), and predominated over
the frequencies of T cells directed against the 4 other latent
B8-restricted EBV epitopes tested. The B8/RAK-reacting T

cells were slightly but not significantly reduced in RA
patients (mean 287/106 PBMC) compared to those in controls (mean 443/106 PBMC; p = 0.18). In 4 RA patients and
4 controls with an HLA-A2+ as well as -B8+ HLA-genotype, T cells responding to B8/RAK appeared to be 2 to 10
times more frequent than those reacting to HLA-A2restricted lytic or latent peptide antigens.
Enumeration of EBV antigen-specific T cells using MHCpeptide tetrameric complexes. The frequencies of T cells
reactive with the EBV lytic epitopes A2/GLC, B8/RAK, and
the latent epitope A2/LLD were then analyzed using PElabeled tetrameric HLA-peptide complexes. The tetrameric
complexes did not stain PBMC obtained from EBVseropositive HLA-A*02-negative or B*08-negative donors
(Figure 1, Controls HC18 and HC14) or cells from EBVseronegative HLA-A*02-positive individuals (data not
shown). Figure 1 also shows repeated staining of PBMC
from Patients RA1 and RA30, in whom 5.5% and 1.9% of
the CD8+ T cells, respectively, reacted with the A2/GLC
and B8/RAK tetramer in comparison to the staining of T
cells from the EBV-immune healthy controls HC1 and HC9
(0.4% and 2% of the CD8+ T cells). Between the RA
patients and EBV-immune controls there were no significant
differences in the percentages of either A2/GLC tetramer
(patients: mean 0.59%, controls: mean 0.21%; p = 0.08) or
B8/RAK tetramer (patients: mean 1.07%, controls: mean
0.88%; p = 0.92) binding CD8+ T cells (Tables 4 and 5).
However, when looking at the absolute numbers, the
A2/GLC-binding T cells appeared to be elevated in PBMC
of the RA patients (mean 442 cells/106 PBMC) in comparison to the controls (mean 195 cells/106 PBMC; p = 0.046),
whereas B8/RAK labeled T cells showed only slightly

Table 3. Frequencies of IFN-γ-producing T cells reactive against HLA-A2 or -B8-restricted EBV peptides in
PBMC of RA patients and EBV-immune controls measured by Elispot assay.
EBV Peptides
HLA-A2
restricted
Latent antigens
A2/SVR
A2/VMA
A2/LLW
A2/CLG
Lytic antigen
A2/QLL
HLA-B8
restricted
Latent antigens
B8/AAR
B8/GPK
B8/SVR
B8/AYR

RA Patients

Controls

Reacting A2+
individuals,
n = 23*

IFN-γ+ T cells/106
PBMC,
Mean (range)

Reacting A2+
individuals,
n = 16

IFN-γ+ T cells/106
PBMC,
mean (range)

5†
6
10
9

19.8 (10–37)
28.9 (10–64)
31.1 (14–45)
37.6 (13–75)

1
1
4
3

22
22
48.2 (37–53)
41.6 (30–50)

6
Reacting B8+
individuals,
n = 9*

39.6 (17–54)
IFN-γ+ T cells/106
PBMC,
Mean (range)

1
Reacting B8+
individuals,
n=6

102
IFN-γ+ T cells/106
PBMC,
mean (range)

2†
1
1
3

14.0 (8–20)
16
15
30.0 (11–66)

2
0
1
1

25.0 (10–40)
0
20
30

* Tested individuals. † Number of reacting individuals.
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Table 4. Frequencies of EBV-specific T cells reactive against A2/GLC lytic or A2/LLD latent peptides of EBV
in peripheral blood of RA patients and controls: comparison of Elispot and HLA-tetramer staining.
EBV Peptides
A2/GLC

RA patients
RA1c
RA2
RA3d
RA4d
RA5
RA6
RA7
RA8
RA9
RA10
RA11
RA12
RA13
RA14
RA15
RA16
RA17
RA18
RA19c
RA20
RA21
RA22
RA23
Healthy controls
HC1
HC2
HC3
HC4
HC5
HC6
HC7
HC8
HC9
HC10
HC11c
HC13
HC14
HC15
HC16
HC17
HC18e

A2/LLD
Tetramera,b

Elispota

Tetramera,b

Elispota

790
39
31
85
6
21
50
11
51
10
126
12
80
26
146
UD
78
20
133
130
63
135
253

2361 (5.6)
100 (0.08)
63 (0.08)
844 (0.7)
68 (0.09)
275 (0.4)
110 (0.08)
66 (0.1)
195 (0.2)
49 (0.03)
486 (0.7)
579 (0.4)
320 (0.2)
340 (0.7)
NT
NT
378 (0.1)
191 (0.2)
400 (0.23)
328 (0.7)
223 (0.2)
1471 (1.1)
NT

50
24
UD
UD
UD
UD
UD
30
UD
UD
33
UD
UD
UD
UD
UD
UD
UD
UD
UD
UD
25
16

168 (0.55)
74 (0.01)
UD
UD
12 (0.01)
UD
15 (0.01)
36 (0.03)
UD
UD
20 (0.03)
UD
UD
57 (0.05)
UD
NT
NT
NT
NT
NT
NT
NT
NT

215
30
60
16
230
10
40
47
310
138
230
UD
260
41
UD
50
UD

320 (0.4)
31 (0.04)
65 (0.11)
38 (0.03)
461 (0.9)
20 (0.01)
90 (0.04)
50 (0.03)
630 (0.5)
300 (0.46)
306 (0.2)
36 (0.04)
491 (0.5)
118 (0.1)
15 (0.02)
151 (0.1)
UD

10
20
UD
13
UD
UD
UD
UD
41
10
132
UD
UD
UD
UD
UD
UD

22 (0.02)
19 (0.02)
31 (0.11)
19 (0.01)
13 (0.05)
11 (0.01)
28 (0.13)
20 (0.02)
49 (0.04)
18 (0.02)
135 (0.04)
NT
NT
NT
NT
NT
UD

a Values are given per 106 PBMC. b Values in parentheses are given as percentage CD8+ T cells. c Homozygous
individuals. d VCA IgM positive. e A2 negative control. UD: undetectable, NT: not tested.

increased frequencies in RA patients (mean 948/106 PBMC)
and controls (mean 81l/106 PBMC). In addition, A2/LLDreactive T cells were detected in only 7 of 15 RA patients at
similar levels (range 12 to 168/106 PBMC) as in all 11 EBVseropositive controls tested (Table 4).
Reduced proportions of functional T cells among the EBVspecific CD8+ T cells in RA patients. To compare the functional capacity of EBV-specific CD8+ T cells, the proportion
of IFN-γ-producing T cells among the A2/GLC or B8/RAK

tetramer-positive T cells was calculated by dividing the individual frequencies of IFN-γ-producing peptide-specific T
cells per 106 PBMC determined by Elispot by the total number of the tetramer-binding T cells in 20 HLA-A*02 and 13
HLA-B*08 RA patients as compared to 14 HLA-A*02 and
6 HLA-B*08 EBV-immune controls. As shown in Figure
2A, RA patients possessed significantly reduced proportions
of CD8+ T cells (mean 22.9%, range 2–49%) producing
IFN-γ in response to stimulation with the immunodominant
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Figure 1. FACS analysis of T cells binding HLA-A2/GLC or HLA-B8/RAK tetrameric complexes in RA patients and controls. PBMC from 2 RA patients (RA1: HLA-A2+, homozygous; RA30: HLA-B8+, VCA IgM-positive) and 4 controls (HC1: HLA-A2+; HC9: HLAB8+) were stained with PE-conjugated tetrameric complexes (y-axis) and PerCP-labeled
anti-CD8 mAb (x-axis); 50,000 cells were included in each assay. Numbers in the upper
right corners show percentages of tetramer-positive CD8+ T cells. The staining patterns of
PBMC from two HLA-A2-negative or B8-negative, but EBV-seropositive healthy controls
(HC18, HC14) show that the tested tetrameric complexes did not label CD8+ T cells in
HLA-A2 or B8-negative controls.

A2/GLC-peptide compared to the controls (mean 59%,
range 33–97%; p = 0.00001). In a similar analysis of the
B8/RAK tetramer-specific T cells, we also observed significant differences in the proportions of T cells responding with
IFN-γ production after stimulation with the B8/RAK-peptide
in RA patients in comparison with controls (Figure 2B).
Direct intracellular staining of the A2/GLC tetramer-binding
CD8+ T cells after stimulation with the peptide also revealed
reduced proportions of IFN-γ CD8+ T cells in patients with
RA in comparison to controls, as illustrated in Figure 2C.
Stimulation of CD8+ T cells with PMA as a positive control,
however, showed that CD8+ T cells in general did not have
a significantly reduced capacity to produce IFN-γ in RA

patients (n = 8; range 12–60%, mean 26%) in comparison to
controls (n = 8; range 13–46%, mean 32%;
p = 0.14). Also, the correlation between the numbers of T
cells detected by the Elispot assays and those obtained by
direct staining with A2/GLC tetrameric complexes on PBMC
in 20 controls (r = 0.93, p = 0.02) and to a slightly lesser
extent in 23 HLA-A*02+ RA patients (r = 0.86, p < 0.001)
was relatively high, suggesting no major interindividual differences in test sensitivity. A similar correlation of Elispot
and FACS analysis was seen with the B8/RAK-peptide and
tetramers in 6 HLA-B8+ patients (r = 0.74, p = 0.005). Both
assays were found to be reproducible and similarly sensitive
on frozen and fresh peripheral blood cells (data not shown).
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Table 5. Frequencies of EBV-specific T cells reactive against B8/RAK lytic or B8/FLR latent peptides in PBMC
of RA patients and controls: comparison of Elispot and HLA-tetramer staining.
EBV Peptides
B8/RAK

RA patients
RA3c
RA6
RA13
RA23
RA24
RA25
RA26
RA27d
RA28
RA29d
RA30c
RA31c
RA32
RA33d
RA34
RA35
RA36c
RA37
Healthy controls
HC3
HC5
HC9
HC10
HC12
HC15

Elispota

Tetramera,b

B8/FLR
Elispota

561
245
1003
566
110
25
121
83
16
200
210
175
445
621
20
25
620
121

NT
NT
NT
NT
NT
577 (1.1)
1062 (1.0)
182 (0.4)
170 (0.3)
1098 (0.6)
1945 (1.9)
711 (0.5)
2742 (4.4)
2058 (2.0)
164 (0.3)
76 (0.2)
1110 (0.8)
438 (0.5)

135
123
140
261
180
38
730
126
20
130
20
20
90
UD
125
20
296
296

350
670
973
130
125
415

620 (0.8)
942 (1.0)
1866 (2.0)
240 (0.4)
208 (0.2)
990 (0.9)

90
92
540
55
10
UD

a Values are given per 106 PBMC. b Values in parentheses are given as percentage CD8+ T cells. c VCA IgM positive. d Homozygous individuals. NT: not tested, UD: undetectable.

To investigate whether the reduction of IFN-γ-producing
CD8+ T cells was also associated with a decrease of lytic
function, HLA-A2/GLC tetramer-positive CD8+ T cells were
sorted from RA patients and controls by FACS and expanded
as polyclonal T cell lines over 3 weeks by mitogen-driven
stimulation, as described in Materials and Methods. As shown
in Figure 3A, CD8+ tetramer-positive, but not CD8+
tetramer-negative expanded T cell lines from 2 RA patients
(RA1 and RA9) specifically and significantly killed HLAA2-positive T2 cells as target-cells (97% and 93% at an E:T
ratio of 10:1) after pulsing with the peptide A2/GLC. T2 cells
loaded with the A2-binding control peptide gp100 or without
peptide were not lysed. Another CD8+ tetramer-positive T
cell line (from Patient RA12) revealed a much weaker
cytolytic activity (27% at an E:T ratio of 10:1) than tetramerpositive cell lines from 2 controls (54% and 51%) and from
the 2 other RA patients tested. Additionally, allogeneic EBVtransformed lymphoblastoid cell lines carrying the relevant
restricting HLA antigen A2 (JY, Boleth) were lysed after
A2/GLC-peptide pulsing (Figure 3B). Maximal cytotoxic
activity was induced with titrated A2/GLC-peptide at a concentration as low as 0.1 µg/ml (Figure 3C).
Phenotype of peripheral EBV-epitope-specific CD8+ cells

in RA patients and controls. In parallel experiments, we analyzed the phenotype of EBV-epitope-specific CD8+ T cells.
Figure 4 shows representative staining profiles of flow cytometric analyses from PBMC of Patient RA1 and Control
HC1 after gating the CD8+ lymphocytes stained with PElabeled HLA-A2/GLC tetramer, PerCP-labeled anti-CD8
mAb, and the FITC-labeled mAb against CD28.
Summarized phenotypic results of the A2/GLC tetramerpositive CD8+ T cells surface phenotyping with a series of
T cell differentiation markers on PBMC from additional
patients and controls are given in Table 6. CD28 as a costimulatory molecule on T cells43 was found to be significantly reduced on tetramer–specific CD8+ T cells in RA
patients in comparison to the controls (A2/GLC tetramerpositive T cells: range 26–42%, mean 31%, in patients versus range 63–87%, mean 73%, in controls; p < 0.001). A
similar reduction of CD28 was also seen on B8/RAK
tetramer-positive CD8+ T cells (RA patients: range
15–69%, mean 43%; controls: range 54–78%, mean 64%;
p = 0.01; Figure 4B). CD28 was not found to be decreased
in general on CD8+ T cells of RA patients (n = 11; mean
70.9%) when compared to controls (n = 10; mean 69.3%;
Figure 4C). In addition, CD57 appeared to be upregulated

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved.
Klatt, et al: T cells in RA

245

Downloaded on November 28, 2021 from www.jrheum.org

Figure 2. A and B: Comparison of the functionality of tetramer-positive EBV-specific CD8+ T cells in RA patients and controls. Percentages of
IFN-γ-producing EBV-peptide-specific T cells in PBMC of RA patients and controls were determined as ratios of the numbers of EBV-peptidespecific T cells determined by Elispot and of the tetramer-binding T cells. Significant differences in the percentages of IFN-γ-producing A2/GLC
(A) or B8/RAK (B) tetramer-binding T cells between RA patients and controls are shown. C: Intracellular staining of IFN-γ production of CD8+
T cells in Patient RA1 and Control HC5 after stimulation with A2/GLC-peptide or PMA/ionomycin (positive control): the gating for positive
IFN-γ content was set by running a permeabilized isotype control alongside each sample. All events shown were first gated through CD8.
Numbers in the upper panel represent percentages of A2/GLC tetramer-binding CD8+ T cells expressing IFN-γ. Lower panel: total IFN-γ-positive CD8+ T cells after PMA/ionomycin stimulation.
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Figure 3. A: CD8+ T cells from 3 RA patients (RA1, RA9, RA12) were sterile-sorted into A2/GLC
tetramer-positive and -negative populations. After expansion for 3 weeks in the presence of irradiated allogeneic PBMC and phytohemagglutinin, each cell fraction was tested for lytic activity against T2 cells in the
absence (white triangles) or presence (black diamonds) of 10 µg/ml of peptide A2/GLC, or in the presence
of the control peptide gp100/KTW (10 µg/ml; white squares). B: Expanded and sorted A2/GLC tetramerpositive T cells from Patient RA1 were tested for their lytic activity against the HLA-A2-negative EBVtransformed cell line COX in the absence (black diamonds) or presence (white squares) of peptide A2/GLC,
and against the HLA-A2-positive EBV-transformed cell line JY in the absence (black diamonds) or presence (white squares) of peptide A2/GLC. C: Specific lysis of the HLA-A2-positive EBV-transformed cell
line Boleth in the absence or presence of different concentrations of peptide A2/GLC by expanded and sorted A2/GLC tetramer-positive T cells from Patient RA1. Percentages of specific lysis recorded at E:T cell
ratios of 5:1 (black diamonds), 10:1 (white squares), or 20:1 (white triangles) are shown.

on slightly higher proportions of tetramer-reactive T cells in
RA patients (range 4–44%, mean 32%) than in controls
(range 12–31%, mean 22%; p = 0.17). The A2/GLC
tetramer-positive T cells in the controls were also almost
entirely positive for CD27 (range 82–97%, mean 89%), but
showed reduced expression of this marker in the RA patients
(range 62–90%, mean 75%; p = 0.03). However, RA
patients and controls showed no differences in the expression of CD27 on B8/RAK tetramer-positive T cells (RA
patients: n = 5, mean 70%; controls: n = 4, mean 70%).

Coexpression of CD45RO as a marker of previously activated antigen-specific T cells as well as of CD45RA (previously suggested to characterize naive as well as terminally
differentiated effector T cell subsets) was similar on
A2/GLC and B8/RAK tetramer-positive CD8 T cells in RA
patients and controls (Table 6 and data not shown). As well,
the extent of HLA-DR and CD69 expression was not strikingly different on A2/GLC or B8/RAK tetramer-positive
CD8+ T cells in RA patients and controls. (Table 6 and data
not shown.)
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Figure 4. A: Phenotypic analysis of HLA-A2/GLC-specific CD8+ T cells: PBMC of Patient RA1 and
Control HC1 were triple-stained with PE-HLA-A2/GLC tetrameric complexes, PerCP-conjugated antiCD8, and a FITC-conjugated mAb specific for CD28; 50,000 cells were included in each analysis. The
number of tetramer-reactive CD8+ T cells that stained with the relevant phenotypic marker is given in the
upper right corner as the percentage of the total CD8+ population. B: Comparison of percentages of
B8/RAK tetramer-positive CD8+ T cells expressing CD28 in PBMC of RA patients and controls after
triple-staining and FACS analysis. C: Comparison of percentages of total CD8+ T cells expressing CD28
in PBMC of RA patients and controls after FACS analysis.

DISCUSSION
In addressing the role of EBV in RA, we investigated the
frequency and function of peripheral memory CD8+ T cell
responses against 12 lytic or latent EBV epitopes in RA
patients in comparison to healthy controls. Seven of the
studied epitopes had been shown to be immunodominant or
subdominant in EBV-specific T cell immune responses of
healthy individuals28-30,50, whereas 5 further epitopes were
selected from computerized prediction of binding to HLAA2 or –B8. We observed that EBV-specific memory CD8+
T cells in peripheral blood of RA patients were predominantly directed against the lytic epitopes A2/GLC and

B8/RAK, as in healthy EBV carriers, and to only a minor
extent to the 9 latent EBV-peptide antigens tested. Although
the frequencies of the A2/GLC or B8/RAK tetramer-binding
CD8+ T cells were only slightly raised in the RA patients
compared to controls, they contained significantly lower
proportions of CD8+ T cells that were capable of producing
IFN-γ upon antigen challenge. Further, these EBV-peptide
antigen-specific CD8+ T cells showed a marked increase in
CD28–, CD27– phenotypes, suggesting antigen-specific
accumulation of terminally differentiated T cell populations
as a sign of dysregulation of immunodominant T cell
immune responses against EBV in the patients with RA.
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Table 6. Phenotypic analysis of A2/GLC tetramer-specific CD8+ T cells.

CD45RO
RA patients
RA1
RA7
RA9
RA11
RA12
RA14
Mean
Controls
HC1
HC7
HC9
HC10
HC11
Mean

Percentage of A2/GLC Tetramer+ CD8+ T Cells
CD45RA
CD28
CD27
CD57
HLA-DR

CD69

70
88
93
96
94
73
86

31
49
14
18
36
19
28

26
41
24
26
29
42
31

90
81
64
84
62
71
75

38
44
4
31
37
38
32

49
12
15
50
66
84
46

5
15
7
18
8
12
11

87
77
69
96
83
82

22
40
41
16
30
30

87
69
69
76
63
73

97
92
87
89
82
89

12
24
17
25
31
22

39
47
29
12
29
31

4
8
7
7
7
7

In general, the specificities of the EBV memory CD8+ T
cell responses in peripheral blood of RA patients appeared
to be similar to those reported in healthy individuals30,50. T
cell responses against the two A2/GLC and B8/RAK lytic
EBV protein epitopes were detectable at higher levels than
responses against the 9 latent epitopes tested. The newly
predicted lytic peptide A2/QLL, also derived from the
immediate early protein BZLF1, stimulated only a small
number of T cells in one of 11 healthy controls (9%) and in
6 of the 22 RA patients (27%) to respond with IFN-γ production. Interestingly, in almost all HLA-A*02+ and
-B*08+ patients and controls the memory response against
the lytic B8/RAK epitope exceeded the frequency of
A2/GLC-reactive T cells at least 2-fold, suggesting relative
immunodominance of the HLA-B8 over the HLA-A2restricted EBV-specific longterm CD8+ T cell memory in
these individuals, as has been reported for another persistent
Herpes virus, cytomegalovirus51. Among the 9 latent epitopes we tested, T cell responses against the B8/FLR epitope
were immunodominant in RA patients and controls, as
reported46,47, but were still less abundant than those reacting
against the lytic epitopes A2/GLC and B8/RAK.
There was a good correlation between the estimates of T
cell frequencies from the Elispot assays and the tetramer
staining for the A2/GLC and the B8/RAK epitopes in
healthy individuals and RA patients. However, total numbers of EBV-specific T cells obtained after stimulation with
these peptide epitopes from the Elispot assays were on average about 7-fold lower in RA patients than those obtained
from tetramer staining, but about only 1.7-fold lower than
those obtained in controls. RA patients thus appeared to
accumulate T cells with impaired IFN-γ production in the
immunodominant A2/GLC or B8/RAK-peptide-specific T
cell responses against EBV. This increase of IFN-γ-nonproducing EBV-specific T cells was seen in RA patients irrespective of immunosuppressive therapies. RA patients com-

pared to controls also did not show a generalized reduced
capacity of the whole CD8+ T cell population to produce
IFN-γ after PMA stimulation. However, we could not
exclude that previously reported defects in signal transduction pathways35,36 contributed to the observed reduced fractions of CD8+ T cells with IFN-γ production upon lytic
EBV antigen challenge in RA patients. A similar loss of
functional lytic EBV antigen-specific CD8+ T cells had previously been observed in human immunodeficiency virus-1
infected patients and correlated with a concomitant higher
EBV load and a decline of CD4+ T cells52,53, as well as in
the elderly42. Thus we were not able to correlate peripheral
EBV-DNA load as determined by semiquantitative polymerase chain reaction with reduction of IFN-γ-producing
EBV-specific T cells. Further, all our RA patients except 2
exhibited normal CD4/CD8 ratios in the peripheral lymphocyte populations (data not shown).
For further characterization of the peripheral EBV epitope-specific CD8+ T cells, we performed immunophenotyping for markers discriminating subsets that are thought to
represent naive, memory, or effector T cells. The lytic
A2/GLC and B8/RAK epitope-binding CD8+ T cell populations appeared to contain higher numbers of cells with
downregulation of CD28 and concomitantly also of CD27 in
the RA patients than in the EBV-immune controls. Such
phenotypic differences between RA patients and controls
were not seen on the whole CD8 populations, although
expansions of unusual T cell populations with loss of CD28
have been described, particularly for the CD4+ T cell compartment, and associated with diminished proliferative
capacity48,54 and premature senescence of T cells in RA55.
Extraarticular involvement of RA, reported to correlate with
the expansion of CD28– CD4+ T cells, was rarely present in
our patient group. In healthy individuals EBV-specific
memory CD8+ T cells during chronic infection have been
described to be enriched in early-differentiated CD28+,

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved.
Klatt, et al: T cells in RA

249

Downloaded on November 28, 2021 from www.jrheum.org

CD27+ phenotype subsets56. Together with a decreased
expression of CD27 on A2/GLC tetramer-positive T cells,
however, we observed that RA patients, in contrast to controls, accumulate terminally differentiated CD28–CD27–
CD8+ memory subsets in the response to specific lytic EBV
epitopes. Several studies on the frequencies and sites of
latently or productively EBV-infected cells in blood and tissues suggest17-21 that in comparison to healthy individuals
RA patients may exhibit a higher load of EBV, probably
with a higher level of antigenic challenge, at least for some
hosts. Thus, we hypothesize that in RA patients recurrent
antigen restimulation leads to terminal differentiation of a
larger proportion of the EBV lytic antigen-specific CD8+ T
cells than in controls. At least some of these T cells seem to
fail to respond to antigen in terms of IFN-γ production and
maybe also of cytotoxic activity, as shown on isolated
A2/GLC tetramer-binding T cell lines. Such T cells could
also represent an anergic CD28–CD27– phenotype and
belong to a suppressive T cell subset, as suggested57, and/or
for as yet unknown reasons may have failed to undergo normal apoptosis. In the elderly, such clonal expansions of nonresponding, terminally differentiated virus-specific CD8+ T
cells have been associated with an immune-risk phenotype
as a relevant factor for an age-related increasing morbidity
and mortality58. Such dysfunctional T cells were suggested
to fill immunological space and, although dispensable, to
influence the available T cell repertoire for other antigens59.
It is still unclear whether similar changes in CD8+ T cell
responses against EBV are a further sign of premature
immunosenescence and are related to a primary defect of T
cell differentiation and proliferation in RA60. To date we do
not know whether EBV is only one of the viruses with broad
infection and persistence in human populations that leads to
such dysregulated T cell proliferations in RA. However,
growing insufficiency in virus control leading to a higher
risk for EBV-related lymphoma, as reported to occur in
some RA patients61, might also be a consequence of these
abnormalities. Further analyses of the virus-host equilibrium need to be performed in RA to understand the complex
relationship of EBV infection to the development and progression of this disease.
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