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A lower function of EBV-specific CD8+ T cells in HIV-infected subjects could be related
to a lack of specific CD4+ T cell help. Therefore, we studied EBV-specific CD4+ T cells in
both healthy donors and untreated or highly active antiretroviral therapy (HAART)-
treated HIV-seropositive homosexual men. To this end, PBMC were stimulated with
overlapping peptide pools from a latent and a lytic EBV protein, EBV nuclear antigen
(EBNA)1 and EBV lytic-switch protein ZEBRA (BZLF1), respectively. EBV-specific CD4+

T cell frequencies measured directly ex vivowere low. To measure EBV-specific memory
CD4+ T cells, capable of both expansion and IFN-c production upon antigenic
challenge, we developed a specific and reproducible assay, combining ex vivo expansion
of specific T cells with flow cytometric analysis of IFN-c production. Untreated HIV-
infected individuals had a lower CD4+ T cell response to both EBNA1 and BZLF1 as
compared to healthy EBV carriers and HAART-treated HIV-positive subjects. This
suggests loss of EBV-specific CD4+ T cells due to HIV infection, while HAART might
restore this response. In addition, we found an increase in the EBNA1-specific CD8+

T cell response in HAART-treated subjects. Interestingly, numbers of EBV-specific CD4+

and CD8+ T cells were inversely correlated with EBV viral load, suggesting an important
role also for EBV-specific CD4+ T cells in the control of EBV infection.

Introduction

The Epstein-Barr virus (EBV) is a widespread human c-
herpesvirus. Primary infection with EBV is usually

asymptomatic, but can cause infectious mononucleosis
when occurring at adolescence [1]. After primary
infection, the virus persists for life in a latent form in
resting memory B cells [2, 3]. Both primary infection
and latent infection are thought to be controlled by
CD8+ T cells [4, 5]. It has been shown both in animals
and in humans that antigen-specific CD4+ T cell help is
necessary both for generation and maintenance of
effective specific CD8+ T cells [6, 7] directed against
lymphocytic choriomeningitis virus [8, 9], murine
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herpesviruses [10, 11], hepatitis C virus [12, 13], HIV
[14, 15] and CMV [16, 17]. While during acute EBV
infection EBV-specific CD4+ T cells can be detected ex
vivo after short-term stimulation with EBV antigens,
their frequencies during latency are below the detection
limit in most donors [18, 19]. EBV nuclear antigen
(EBNA)1 and EBNA3C appear to be immunodominant
targets amongst the latent proteins [19, 20]. Further-
more, the lytic antigens EBV lytic-switch protein ZEBRA
(BZLF1) and BMLF1 are recognized [18], and BMRF1
might also be an important CD4+ T cell target. Due to
the difficulty to detect EBV-specific CD4+ T cells directly
ex vivo, despite the use of very sensitive modern
techniques, it remains unclear whether they play a role
in vivo in the maintenance of control over EBV-infected
cells.

In HIV-infected individuals, numbers of EBV-specific
CD8+ T cells are generally well preserved [21, 22],
although their ability to secrete IFN-c in short-term
antigen-specific stimulation assays is decreased [23].
Numbers of EBV-specific IFN-c-producing CD8+ T cells
correlated with absolute CD4+ T cell numbers, suggest-
ing a role for CD4+ T cells in the maintenance of
functional EBV-specific CD8+ T cells. To determine
whether decreased EBV-specific CD8+ T cell function
could be related to inadequate antigen-specific CD4+

T cell help, we developed an assay that allows the
detection of central memory EBV-specific CD4+ T cells,
able to expand and subsequently produce IFN-c in
response to an antigen, to both a latent and a lytic EBV
protein, in a specific, reproducible way. This enabled us
to study EBV-specific CD4+ T cell responses in both
healthy and treated or untreated HIV-infected subjects.

Results

Low numbers of IFN-c-producing EBV-specific
CD4+ T cells after short-term stimulation with
EBV peptide pools

To investigate whether we could detect IFN-c-producing
EBV-specific CD4+ T cells ex vivo, PBMCwere stimulated
overnight using overlapping EBV peptide pools as a
stimulus. In accordance with earlier data [18, 19], we
found low numbers of EBNA1-specific CD4+ T cells after
overnight stimulation and measurement of IFN-c-
producing CD4+ T cells by either intracellular cytokine
staining or ELISPOT (Fig. 1A, B, left panels, and data not
shown). IFN-c-producing CD4+ T cells after stimulation
with EBNA1 peptide pools were detected only in 4/11
healthy donors (range 0.03–0.13% of CD3+CD4+

T cells), and 6/12 of highly active antiretroviral therapy
(HAART)-treated HIV-infected EBV carriers
(0.03–0.36%), using a cut-off value of two times above

medium control. CD4+ T cell responses to BZLF1 were
detected in 5/11 healthy (0.06–0.23%) and 2/12 HIV-
infected individuals (0.15–0.29%). There was no
significant difference in either the fraction of responders
or the height of the response between healthy donors
and HAART-treated HIV carriers (data not shown).

Antigen-specific expansion in vitro to study
antigen-specific CD4+ T cell responses

As CD4+ T cell responses to EBNA1 and BZLF1 were
hardly detectable directly ex vivo, an assay was
developed in which specific T cells were expanded for
6–12 days by stimulation with EBV peptide pools. IL-2
was added only from day 3 onwards to give EBV-specific
T cells a growth advantage. After expansion, cells were
rested overnight in fresh medium and restimulated for
6 h with EBNA1 or BZLF1 peptide pools, and positive
and negative controls were included. Fig. 1A (culture
with EBNA1 pool, restimulation with medium) and
Fig. 1B (culture and restimulation with EBNA1 pool)
show the results for a donor in whom EBNA1-specific
IFN-c-producing CD4+ T cells were detected already on
day 6. However, in most healthy donors, no response
was detectable yet on day 6. On day 12, EBNA1-specific
CD4+ T cells were detected in all healthy EBV seropo-
sitives (e.g. Fig. 1B). As a control, restimulation with
overlapping peptide pools of HIV Env and Gag did not
induce any responses in PBMC cultured with EBNA1 or
BZLF1 peptide pools (data not shown). Furthermore,

Fig. 1. Responses to EBV peptide pools directly ex vivo or after 6
or 12 days of expansion. Representative response of an EBV-
seropositive donor ex vivo after 6 and 12 days. Cells were
stimulated for 6 h with either medium (A) or EBNA1 peptide
pool (B) directly ex vivo or after 6 or 12 days of culture with
EBNA1 peptide pool and IL-2. The cells in the FACS plot were
gated on CD3+ cells. Values in the upper right corner of the
FACS plots indicate percentages of CD4+ T cells producing IFN-
c upon 6 h of restimulation with medium or peptide pool.
(C, D) Representative response of an EBV-seronegative donor
after 12 days of culture with EBNA1.
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even on day 12, no EBNA1- or BZLF1-specific CD4+

T cells were recovered from three EBV-seronegative
donors and three cord blood samples (Fig. 1C, D).

Recognition of autologous EBV-transformed
B-lymphoblastoid cell lines by EBNA1-specific
CD4+ T cells

In order to confirm the EBV specificity of the polyclonal
CD4+ T cell populations, recognition of autologous EBV-
transformed B-lymphoblastoid cell lines (B-LCL) was
tested. Cells from 12-day cultures were expanded for
another week with phytohemagglutinin (PHA) and IL-2.
After overnight rest in fresh medium, cells were
stimulated in a 1:1 ratio with autologous B-LCL for
6 h. As control, uncultured PBMC were used as
'effectors'. Cells cultured with the EBNA1 peptide pool
were able to recognize autologous B-LCL (Fig. 2A), as
evidenced by IFN-c production within the CD4+ T cells,
while fresh PBMC were not (Fig. 2B). The B95–8 cell
line, which does not express human MHC molecules,
was not recognized. Moreover, the response could be
inhibited by monoclonal antibodies against MHC class II
(from 1.55 to 0.40% of IFN-c-producing CD4+ T cells),
but not by blocking of MHC class I (1.58% of IFN-c-
producing CD4+ T cells). These experiments further
confirmed the EBV specificity and dependence on the
MHC class II presentation pathway of CD4+ T cells
expanded using peptide pools.

Interpretation of assay result

As the ratios of cellular subsets can vary a lot between
individuals, especially when HIV seropositive, it was
verified whether the depletion of CD4+, CD8+ T or
B cells influenced the outcome of the assay. As shown in
Fig. 3A and B for EBNA1 (donor 1) and Fig. 3B for
BLZF1 (donor 2), the absence of CD8+ and CD19+ cells
did not influence the fraction of EBV-specific cells
measured within the CD4+ T cell subset, which
remained around 20% in donor 1 and around 2% in
donor 2. In donor 2, the depletion of CD4+ T cells was
complete, so that no EBV-specific CD4+ T cells grew out,
as expected. Interestingly, in donor 1, where after
depletion 0.5% of CD4+ T cells remained and were
put into culture, the outgrowth of specific cells within
the CD4+ T cells after 12 days was similar to the
percentage within the CD4+ T cell fraction of the total
PBMC and CD8+ or CD19+ cell-depleted cultures
(Fig. 3A, B). This indicates that the fraction of EBV-
specific CD4+ T cells that grows out is independent of
the total amount of CD4+ T cells in the culture.

The percentage of IFN-c-producing cells within the
CD3+CD4+ fraction is a commonly used value for
describing the CD4+ T cell response to specific antigens.
We wanted to determine a more absolute number of
EBV-specific CD4+ T cells, enabling comparison of
donors and patients with very different CD4+ T cell
numbers. For this purpose, we calculated numbers of
EBNA1- or BZLF1-specific IFN-c-producing CD4+ T cells
recovered out of 106 PBMC put into culture on day 0. To
illustrate the significance of these two values, donor
PBMC were diluted in CD4-depleted PBMC, thereby
diluting both specific and total CD4+ T cells, and then
cultured for 12 days. As shown in Fig. 3C and D for two
donors, the percentage of specific cells within the CD4+

T cells after 12 days remained constant in serial
dilutions (left panels), whereas the absolute number
of specific CD4+ T cells recovered did depend on the
dilution of CD4+ T cells (right panels). Thus, expressing
the results as a number of specific cells recovered after
12 days of culture gives a much better indication of the
importance of the immune response than using the
fraction of specific cells within the CD4+ T cell subset.
We therefore choose to use this value for comparison of
individuals or groups of individuals with each other. In
addition, the assay was very reproducible, as shown in
Fig. 3E for six donors with whom we were able to
perform between two and five separate experiments.

CD4+ T cells specific for EBNA1 and BZLF1 in
healthy and HIV-infected EBV carriers

To determine whether EBV-specific CD4+ T cells could
be found in HIV-infected subjects, PBMC from

Fig. 2. Recognition of autologous B-LCL by EBNA1-specific CD4+

T cells via MHC class II. Cells cultured for 12 days in the
presence of EBNA1 peptide pool and IL-2, and subsequently
expanded for 1 week with PHA and IL-2 (A), and uncultured
PBMC (B) were stimulatedwith autologous EBV-transformed B-
LCL (left three panels) or B95–8 standard EBVB-LCL (right panel)
for 6 h, in the presence or absence of antibodies to block MHC
class I (W6/32) or class II (L243). FACS plots show the
percentages of IFN-c-producing CD4+ T cells, indicated in the
upper right quadrant.
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10 HAART-treated and 13 untreated HIV carriers were
cultured. For comparison, PBMC from 14 healthy EBV
carriers were used. EBNA1-specific CD4+ T cells were
found in all (14) healthy donors (median 3,400 out of
106 input PBMC), all (10) HAART-treated HIV+ (3,700
out of 106 input PBMC), and 9/13 untreated HIV-
infected donors (500 out of 106 input PBMC) (Fig. 4A,
C). Numbers of EBNA1-specific CD4+ T cells recovered
out of 106 input PBMC were significantly lower in
untreated HIV+ compared to healthy donors (p=0.043,
Mann-Whitney test). BZLF1-specific CD4+ T cells were

Fig. 4. Lower EBV-specific CD4+ T cell responses in untreated
HIV+ individuals compared to healthy donors and HAART-
treated HIV+ individuals after 12 days of expansion.
(A, B) Representative FACS plots after 12 days of expansion
of cells from a healthy EBV carrier (HIV–), a HAART-treated
(HAART) and an untreated HIV+ individual (untreated), for
culture and restimulation with EBNA1 (A) and BZLF1 (B).
Indicated is the percentage of CD3+CD4+ T cells producing
IFN-c upon a 6-h restimulation with peptide pool after 12 days
of expansion. (C, D) Responses to EBNA1 (C) and BZLF1 (D) in
healthy donors (HIV–: n=14 for EBNA1 and n=13 for BZLF1),
HAART-treated (HAART: n=10 for EBNA1 and BZLF1) and
untreated HIV+ individuals (untreated; n=13 for EBNA1 and
n=8 for BZLF1). The values on the y axis indicate the number of
IFN-c-producing CD3+CD4+ T cells recovered out of 106 PBMC
put into the assay at day 0. Median values in the different
groups are indicated above the dots.

Fig. 3. Expression of results as percentage of the CD3+CD4+

T cell subset or as the number of EBV-specific IFN-c-producing
CD4+ T cells per 106 PBMC put into culture. (A) FACS plots
showing the effects of depletion of CD4+, CD8+ or CD19+ cells
upon the response after 12 days of culture with EBNA1. Values
indicate the percentages of IFN-c-producing CD4+ T cells.
(B) Overview of the effects of CD4/CD8/CD19 depletion on
the expansion of EBNA1- (donor 1) and BZLF1- (donor 2)
specific CD4+ T cells. (C, D) PBMC from two donors were
mixed with CD4-depleted PBMC before a 12-day culture, to
dilute EBNA1-specific CD4+ T cells. Left panels show the
percentages of IFN-c-producing cells within the CD3+CD4+

T cell subset, which remains constant. Right panels show the
numbers of IFN-c-producing CD3+CD4+ T cells recovered out of
106 PBMC put into culture at day 0, which is dependent on the
number of CD4+ T cells put in. (E) The reproducibility of the
assay was tested on six donors for EBNA1, with two to five
separate experiments (indicated by the numbers on the x axis,
whereas the y axis indicates the number of EBNA1-specific
CD4+ T cells recovered out of 106 PBMC put into culture at
day 0).
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measured in 9/13 healthy donors (300 out of 106 input
PBMC), 9/10 HAART-treated (900 out of 106 input
PBMC) and 4/8 untreated HIV+ donors (100 out of 106

input PBMC) (Fig. 4B, D). The recovery of BZLF1-
specific CD4+ T cells was lower in untreated HIV+

compared to HAART-treated individuals (p=0.012), but
not significantly lower than in healthy donors (p=0.14).

To verify that the results were not biased by
differential survival of the PBMC under culture condi-
tions, we calculated the ratio between the PBMC output
and input. This did not differ between healthy donors
(1.30 for EBNA1, 1.00 for BZLF1), HAART-treated (1.57
and 1.12) and untreated HIV carriers (0.95 and 0.90) (p
values between 0.122 and 0.981). In addition, PHA-
induced proliferation (for 13 untreated HIV carriers)
and anti-CD2/CD28 or anti-CD3 antibody-induced
proliferation (for two HAART-treated and nine un-
treated HIV carriers) did not correlate with the outcome
of the 12-day assay for either EBNA1 or BZLF1 (data not
shown), suggesting that a general defect in T cell
proliferative capacity is not an explanation for these
results.

Increased numbers of EBNA1-specific CD8+

T cells in HAART-treated HIV carriers

Together with specific CD4+ T cells, both EBNA1- and
BZLF1-specific CD8+ T cells were expanded by culture
with the corresponding peptide pools (Fig. 5A, B).
Interestingly, higher numbers of EBNA1-specific CD8+

T cells were recovered from HAART-treated HIV+

individuals (8/10 responders) compared to healthy
donors (8/14 responders; 7,800 vs. 800 out of 106 PBMC
input, p=0.031; Fig. 5A, C) and untreated HIV carriers
(8/13 responders; 7,800 vs. 800 out of 106 PBMC input,
p=0.036; Fig. 5C). In contrast, the median recovery of
BZLF1-specific CD8+ T cells was identical in healthy
subjects (13/13 responders) and HAART-treated (10/10
responders) HIV carriers (7,800 vs. 9,400 out of
106 PBMC input, p=0.563), and not significantly lower
in untreated (8/8 responders; 3,200 out of 106 PBMC
input) compared to HAART-treated (p=0.088) and
healthy donors (p=0.311) (Fig. 5B, D). Since an
elevated EBNA1-specific CD8+ T cell response was
observed earlier in EBV carriers with certain HLA class I
alleles [24], we compared responses in HLA B7-, B35- or
B53-positive subjects with those carrying other HLA
alleles, but found no difference (data not shown). It thus
appears unlikely that a bias in the distribution of HLA
types could explain differences in EBNA1-specific CD8+

T cell responses.

Both CD4+ and CD8+ EBV-specific T cells correlate
inversely with EBV viral load

Next, we investigated whether EBV-specific CD4+ and
CD8+ T cell responses were related to EBV viral load.
Only HIV-seropositive subjects were included in this
analysis, as the healthy controls had no measurable EBV
viral load. Interestingly, EBV load tended to be inversely
correlated with EBNA1-specific CD4+ T cell responses
(0.381, p=0.089; Spearman's correlation coefficient),
and was inversely correlated with EBNA1-specific CD8+

(–0.496, p=0.022) and both BZLF1-specific CD4+

(–0.664, p=0.005) and CD8+ T cells (–0.500,
p=0.048) (Table 1). Furthermore, a role for CD4+

T cell help in the CD8+ T cell response was suggested by
a weak correlation between CD4+ and CD8+ T cell
responses to EBNA1 (0.442, p=0.035), while a lack of

Fig. 5. Increased expansion of EBNA-specific CD8+ T cells from
HAART-treated individuals. Examples of CD8+ T cell responses
to EBNA1 (A) and BZLF1 (B) after a 12-day expansion of cells
from aHAART-treated HIV+ individual. Responses to EBNA1 (C)
and BZLF1 (D) in healthy donors (HIV–: n=14 for EBNA1 and
n=13 for BZLF1), HAART-treated (HAART: n=10 for EBNA1 and
BZLF1) and untreated HIV+ individuals (untreated; n=13 for
EBNA1 and n=8 for BZLF1). The values on the y axis indicate the
number of IFN-c-producing CD3+CD8+ T cells recovered out of
106 PBMC put into the assay at day 0.
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correlation between BZLF1-specific CD4+ and CD8+

T cell responses did not support this (0.273, p=0.272)
(Table 1).

In addition, we investigated whether the EBV-specific
T cell response was influenced by factors associated with
HIV infection. Only BZLF1-specific CD4+ T cells were
inversely correlated with HIV viral RNA (–0.624,
p=0.006), while EBNA1-specific CD4+ and CD8+ and
BZLF1-specific CD8+ T cells were not (Table 1). HIV and
EBV viral load also tended to correlate (0.423,
p=0.056). Interestingly, numbers of EBNA1- or
BZLF1-specific cells were not correlated with absolute
CD4+ T cell numbers (0.139, p=0.547 for EBNA1;
0.090, p=0.740 for BZLF1).

Discussion

In this study, we investigated whether a lack of specific
CD4+ T cell help may explain a lower function of EBV-
specific CD8+ T cells in HIV-infected subjects. To this
end, we set up a specific, highly reproducible assay,
combining ex vivo expansion of EBV-specific cells with
flow cytometric analysis of IFN-c production. This
enabled us to measure EBV-specific CD4+ T cells in all
healthy EBV carriers. We found: (1) comparable num-
bers of EBNA1- and BZLF1-specific CD4+ T cells in
healthy EBV carriers and HAART-treated HIV+ indivi-
duals, while these responses were lower in untreated
HIV+ subjects; (2) a higher frequency of EBNA1-specific

CD8+ T cells in HAART-treated subjects compared to
both untreated HIV+ and healthy subjects; (3) that
numbers of both CD4+ and CD8+ EBV-specific T cells
were inversely correlated with EBV load. Therefore,
measuring specific CD4+ T cells that are able to
proliferate and subsequently respond by IFN-c produc-
tion most likely gives a good reflection of the EBV-
specific immunological status of the patient.

As of this writing, few studies have reported ex vivo
detection of EBV-specific CD4+ T cells [18, 19]. In a
recent article, Amyes et al. report ex vivo detection of
EBV-specific CD4+ T cells by stimulation with a lysate of
PMA-reactivated EBV B-LCL in 23/28 healthy donors
[25]. Here, we used overlapping peptide pools of EBNA1
and BZLF1 to enable measurement of responses
independent of the donors' HLA type, (not yet well-
defined) HLA restriction and immunodominance pat-
terns of EBV epitopes, and independent of processing by
APC in vitro. We observed detectable ex vivo CD4+ T cell
responses to EBNA1 and BZLF1 only in a minority of
healthy donors and HAART-treated HIV+ subjects.
Therefore, an assay was developed combining an
antigen-specific expansion step using overlapping pep-
tide pools, with specific restimulation after 12 days. This
assay presents several advantages as it enables detection
of EBV-specific CD4+ T cells in all healthy EBV carriers,
allowing determination of specificity at the protein level.
Furthermore, this assay detects so-called “central
memory T cells”, i.e. antigen-primed T cells that can
proliferate and exert their function by cytokine produc-

Table 1. Correlationsa)

Factor 1 Factor 2 Correlation coefficientb) p value

EBV DNAc) EBNA1-CD4 –0.381 0.089

EBNA1-CD8 –0.496 0.022

BZLF1-CD4 –0.664 0.005

BZLF1-CD8 –0.5 0.048

HIV RNAd) EBNA1-CD4 –0.259 0.232

EBNA1-CD8 –0.161 0.463

BZLF1-CD4 –0.624 0.006

BZLF1-CD8 –0.293 0.239

EBV DNA HIV RNA 0.423 0.056

Total CD4+ T cells EBNA1-CD4 0.139 0.547

BZLF1-CD4 0.09 0.74

EBNA1-CD4 EBNA1-CD8 0.442 0.035

BZLF1-CD4 BZLF1-CD8 0.273 0.272

a) Values in bold indicate significant correlations between factor 1 and factor 2. EBNA1-CD4 : EBNA1-specific CD4+ T cells, etc.
b) Spearman's correlation coefficient.
c) EBV DNA per 106 PBMC.
d)HIV RNA copies per ml plasma.
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tion upon re-encounter with this antigen. The outcome
of such an assay depends on both precursor frequency
and functional capacity of these T cells. It was shown in
both hepatitis C virus- [26] and Plasmodium falciparum-
infected individuals [27] that protection against infec-
tion and/or clearance of the pathogen correlated with
IFN-c-producing CD4+ T cells measured after ex vivo
expansion, and not with the response measured directly
ex vivo. Accordingly, ex vivo IFN-c-producing HIV-
specific CD4+ T cells were detected in subjects with
both high and low HIV load, whereas CD4+ (and CD8+)
T cells capable of proliferation were detected only in
low-load carriers [15, 28]. Therefore, we believe the
results presented here are a good reflection of the EBV-
specific immunological status of the patient.

Using this assay to measure EBV-specific CD4+

T cells, we observed no difference between healthy
EBV-positive donors and HAART-treated HIV+ persons,
but a lower CD4+ T cell response to both EBNA1 and
BZLF1 in untreated HIV-infected individuals. Interest-
ingly, these responses (and the CD8+ T cell response
measured in the same assays) tended to correlate
inversely with EBV load, while HIV load correlated
inversely only with BZLF1-specific CD4+ T cells, and no
correlation was found with total CD4+ T cell numbers.
This could reflect an impaired proliferation or exhausted
EBV-specific memory T cell compartment due to chronic
antigen exposure [15, 28]. As the HAART-treated
subjects have both a lower EBV load and a higher
EBV-specific T cell response in our assay, having
antiretroviral treatment in itself seems to be the most
important factor influencing EBV-specific memory
responses.

Data from c-herpesvirus infection in mice [10, 11]
and many viral infection models in both mouse and man
[6, 7, 12–17] suggest that CD4+ T cells most probably
also play a role in the development and maintenance of
an effective EBV-specific CD8+ T cell response. In
addition, several studies investigated the recognition
of EBV-infected cells by CD4+ T cells via recognition of
latent [29–32] or lytic antigens [33] and showed that
EBV-specific CD4+ T cells could directly control out-
growth of EBV-infected B cells in vitro. Similarly,
EBNA1-specific CD4+ T cells were capable of recogniz-
ing autologous EBV-infected B cells in this study.

Interestingly, a higher EBNA1-specific CD8+ T cell
response was measured in HAART-treated individuals
compared to both untreated HIV carriers and healthy
donors. In contrast to earlier reports that EBNA1 could
not be directly presented via the MHC class I pathway
[34], several recent studies show that EBNA1-specific
CD8+ T cells are capable of directly recognizing EBV-
infected B cells [35–39]. Increased numbers of EBNA1-
specific CD8+ T cells after HAART, whether related to
improved CD4+ T cell help or the antiretroviral therapy-

induced changes in proteasomal degradation pathways,
might thus improve the immune control of EBV
infection.

In conclusion, using a 12-day expansion protocol, we
were able to investigate EBV-specific CD4+ T cells in
healthy and HIV-infected subjects. Lower numbers of
EBV-specific CD4+ T cells were found in untreated HIV-
infected individuals, suggesting loss of EBV-specific
CD4+ T cells due to HIV infection, while HAART might
preserve EBV-specific CD4+ T cell immunity. Further-
more, we found indications for an inverse correlation
between the recovery of EBV-specific CD4+ T cells after
12 days and EBV viral load, which is in accordance with
recent data on HIV-specific CD4+ T cells [15, 28].
Therefore, we believe that our assay gives a good
indication of an individual's ability to exert an EBV-
specific CD4+ memory T cell response and that it will be
a useful tool for studying the role of EBV-specific CD4+

T cells in various clinical settings.

Materials and methods

Study population

This study was performed on cryopreserved PBMC from
17 healthy blood bank donors. EBV seropositivity was tested by
measurement of anti-viral charge antigen IgG. Included were
14 EBV-seropositive (median age 47) and 3 EBV-seronegative
(median age 40) individuals. Furthermore, three cord blood
samples were studied. EBV viral load was below detection
limits in all healthy EBV-seropositive donors.

Samples from HIV-infected individuals were collected in the
framework of the Amsterdam Cohort studies on AIDS and HIV-
1 infection. Homosexual men at risk for HIV-1 infection were
sampled every 3 months for HIV-1 serology and immunolo-
gical studies. In addition, at all time points PBMC were
cryopreserved.We selected ten HAART-treated individuals and
13 untreated cohort participants based on comparable CD4+

T cell numbers and availability of material. HAARTwas defined
as a triple-drug regimen consisting of two nucleoside
analogues and one protease inhibitor.

All individuals under study gave their informed consent
according to the declaration of Helsinki. The characteristics of
the HIV-infected individuals are shown in Table 2.

T cell stimulation

EBV-specific CD4+ T cells were stimulated using overlapping
peptide pools. Peptides (15-mers) with 11-amino acid overlap
spanning the immunogenic C-terminal region of EBNA1
(57 peptides) and the entire BZLF1 protein (59 peptides)
were synthesized by Jerini AG (Berlin, Germany). Purity and
sequences were verified by HPLC and mass spectrometry.
Peptides were dissolved in DMSO and pooled at a final
concentration of 1 mg/ml of each peptide.
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Detection of IFN-c-producing EBV-specific T cells

IFN-c-producing cells after stimulation with overlapping
peptide pools were enumerated by intracellular cytokine
staining (ICCS) [23, 40]. Briefly, 106 PBMCwere stimulated in
500 ll medium containing 10% FCS for 18 h ex vivo (or 6 h
after expansion in culture) with EBNA1 or BZLF1 peptide pools
(at 2 lg/ml of each peptide) and both anti-CD28 (2 lg/ml)
and anti-CD49d antibodies (1 lg/ml) as costimuli, in the
presence of 1:1,000 brefeldin A (Golgiplug; BD Biosciences,
San Jos�, CA) after 1 h. As a negative control, PBMC fromHIV-
negative individuals were either stimulated with medium and
costimulation alone or with irrelevant peptide pools (HIV Env
and Gag; NIH, Rockville, MD). As a positive control, PBMC
were stimulated with 10 ng/ml PMA and 2 lg/ml ionomycin.
After stimulation, cells were washed in PBS, permeabilized
(FACS Permeabilizing Solution; BD Biosciences), washed
again and stained with antibodies specific for CD3, CD4,
CD8 and IFN-c (BD Biosciences). Cells were washed again and
fixed (Cellfix; BD Biosciences), and 200,000 events were
acquired on a FACSCalibur flow cytometer (Becton Dickinson).
Lymphocytes were gated by forward and sideward scatter, and
data were analyzed using the software program Cell Quest
(Becton Dickinson). Reponses were scored as positive when
two times above the medium control value.

In pilot experiments, IFN-c-producing T cells were also
measured by ELISPOT, as described [23], either in whole
PBMC or after depletion of CD8+ T cells using Dynabeads
(Dynal GmbH, Hamburg, Germany), according to the protocol
provided by the manufacturer.

Expansion of EBV-specific T cells

To expand EBV-specific T cells, PBMC were cultured for
12 days in the presence of the EBNA1 or BZLF1 peptide pool.
Culture medium consisted of RPMI 1640 (Gibco Life Technol-
ogies, Breda, The Netherlands) supplemented with penicillin/
streptomycin and 10% human pool serum. Cells were cultured
at 2�105 PBMC/well in 100 ll medium in 96-well round-

bottom plates, at 37�C and 5%CO2. Peptide pool (at 2 lg/ml of
each peptide) was added on days 0 and 6. IL-2 was added at
10 U/ml on days 3, 6, and 9. On day 12, cells were pooled,
washed in RPMI and rested overnight in medium supplemen-
ted with 10% human pool serum, without peptides or IL-2. On
day 13, cells were restimulated for 6 h using the protocol
indicated in the preceding section, using human pool serum
instead of FCS.

When indicated, CD4+, CD8+ or CD19+ cells were depleted
from the PBMC using Dynabeads (Dynal GmbH, Hamburg,
Germany), according to the protocol provided by the
manufacturer. The efficacy of depletion usually reached less
than 0.5% of target cells remaining, as verified by FACS
analysis.

Recognition of autologous EBV-transformed B-LCL

To test recognition of autologous EBV-transformed B-LCL by
EBNA1-specific CD4+ T cells, cells cultured for 12 days with
EBV antigens were further expanded for 1 week with PHA
(1 lg/ml on the first day) and IL-2 (10 U/ml on day 3). Of
these cultured PBMC, 5�105 were then stimulated for 6 h with
5�105 autologous B-LCL, and the assay was further performed
as described above for peptide stimulations. MHC class I and II
pathways were blocked using 10 lg/ml of monoclonal
antibodies W6/32 (anti-pan HLA class I; ATCC) and L243
(anti-HLA-DR; ATCC), respectively. The B95–8 cell line was
used as a control for dependency on human MHC class II
presentation, and uncultured donor PBMC were used to verify
that recognition of B-LCL depended on expansion of EBNA1-
specific CD4+ T cells.

Measurement of HIV load

HIV RNA load was measured in plasma by several assays. The
NASBA HIV-1 QT assay (Organon Teknika, Boxtel, The
Netherlands), Amplicor HIV monitor (Roche Diagnostic
Systems Inc., Branchburg, NJ) and Quantiplex bDNA 3.0
assay (Bayer Corporation, Tarrytown, NY) had detection limits

Table 2. Characteristics of the individuals studied

HIV+ HAART (n=10) HIV+ untreated (n=13) p valuea)

Time on HAARTb) 43 (3–52) na

Time from HIV SCb) 16.5 (2–53) (n=12) na

Time from entryb) 46 (3–88) 18 (n=1) na

Age 40 (33–62) 37 (24–61) ns

CD4 per ll 540 (240–1,340) 680 (80–950) ns

HIV RNAc) 400 (50–1.1�106) 28,000 (103–5.3�105) 0.001

HIV RNA pre-HAARTd) 35,000 (400–1.7�105) na ns

EBV DNAe) 68 (0–451) 500 (10–3,784) 0.020

a) Mann-Whitney test; na: not applicable, ns: not significant.
b) Time in months; SC: seroconversion; from entry indicates time under study, when SC date is unknown.
c) HIV RNA copies per ml plasma.
d) HIV RNA load at start of HAART or 1 year before HAART, p value in comparison to untreated group.
e) EBV DNA per 106 PBMC.
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of 1,000, 400 and 50 copies/ml, respectively. Values of 1,000,
400 and 50 in the patients' characteristics (Table 2) indicate
that HIV RNAwas undetectable by themethod used, the cut-off
values corresponding to the assay that was used.

Real-time quantitative PCR assay for measurement
of EBV load in PBMC

EBV load was measured in duplicate in DNA from 2�105 cells.
Real-time PCR amplification was performed as described [41,
42]. The detection limit of this assay was initially reported as
50 copies/106 PBMC; however, values above 10 copies/
106 PBMC were included when less than 10% variation was
observed between duplicates, and otherwise scored as 0. As a
control for input DNA, the amount of b-albumin DNA, a
household gene present at 2 copies/cell, was also determined,
using primers and probes as described [43].

Statistical analysis

For comparison of EBV-specific T cell numbers between
different groups, Mann-Whitney tests were used. Correlations
were calculated using Spearman's correlation tests. Software
program SPSS 11.5 for Windows was used (SPSS Inc.,
Chicago, IL).

Acknowledgements: This study was part of the
Amsterdam Cohort Studies on AIDS and HIV-1 infec-
tion, a collaboration of theMunicipal Health Service, the
AcademicMedical Center and Sanquin Research at CLB.
We thank Suzanne Jurriaans from the department of
Human Retrovirology at the AMC for measurement of
HIV RNA load and Maarten Koot from Sanquin
Diagnostics for performing EBV serology. This work
was supported by Grant CLBD2000–2164 from the Dutch
Cancer Society (to D.v.B.)

References

1 Rickinson, A. B. and Kieff, E., Epstein-Barr virus. In Fields, B. N., Knipe, D.
M. and Howley, P. M. (Eds.) Field's virology.Lippincott-Raven, Philadelphia
1996, pp 2397–2446.

2 Miller, G., Epstein-Barr virus: biology, pathogenesis and medical aspects. In
Fields, B. N. and Knipe, D. M. (Eds.) Virology.Raven Press, New York 1990,
pp 1921–1958.

3 Sixbey, J. W., Nedrud, J. G., Raab-Traub, N., Hanes, R. A. and Pagano, J.
S., Epstein-Barr virus replication in oropharyngeal epithelial cells. N. Engl. J.
Med. 1984. 310: 1225–1230.

4 Harty, J. T., Tvinnereim, A. R. and White, D. W., CD8+ T cell effector
mechanisms in resistance to infection. Annu. Rev. Immunol. 2000. 18:
275–308.

5 Rickinson, A. B. and Moss, D. J., Human cytotoxic T lymphocyte responses
to Epstein-Barr virus infection. Annu. Rev. Immunol. 1997. 15: 405–431.

6 Janssen, E. M., Lemmens, E. E., Wolfe, T., Christen, U., von Herrath, M.
G. and Schoenberger, S. P., CD4+ T cells are required for secondary
expansion and memory in CD8+ T lymphocytes. Nature 2003. 421:
852–856.

7 Kaech, S. M. and Ahmed, R., Immunology. CD8 T cells remember with a
little help. Science 2003. 300: 263–265.

8 Matloubian, M., Concepcion, R. J. and Ahmed, R., CD4+ T cells are
required to sustain CD8+ cytotoxic T cell responses during chronic viral
infection. J. Virol. 1994. 68: 8056–8063.

9 Zajac, A. J., Blattman, J. N., Murali-Krishna, K., Sourdive, D. J. D.,
Suresh, M., Altman, J. D. and Ahmed, R., Viral immune evasion due to
persistence of activated T cells without effector function. J. Exp. Med. 1998.
188: 2205–2213.

10 Cardin, R. D., Brooks, J. W., Sarawar, S. R. and Doherty, P. C., Progressive
loss of the CD8+ T cell-mediated control of a gamma-herpesvirus in the
absence of CD4+ T cells. J. Exp. Med. 1996. 184: 863–871.

11 Fla�o, E., Woodland, D. L., Blackman, M. A. and Doherty, P. C., Analysis
of virus-specific CD4+ T cells during long-term gamma-herpesvirus
infection. J. Virol. 2001. 75: 7744–7748.

12 Grakoui, A., Shoukry, N. H., Woollard, D. J., Han, J., Hanson, H. L.,
Ghrayeb, J., Murthy, K. K., Rice, C. M. andWalker, C. M.,HCV persistance
and immune evasion in the absence of memory T cell help. Science 2003.
302: 659–662.

13 Day, C. L., Lauer, G. M., Robbins, G. K., McGovern, B., Wurcel, A. G.,
Gandhi, R. T., Chung, R. T. and Walker, B. D., Broad specificity of virus-
specific CD4+ T-helper-cell responses in resolved hepatitis C virus infection.
J. Virol. 2002. 76: 12584–12595.

14 Rosenberg, E. S., Billingsley, J. M., Caliendo, A. M., Boswell, S. L., Sax, P.
E., Kalams, S. A. and Walker, B. D., Vigorous HIV-1 specific CD4+ T cell
responses associated with control of viremia. Science 1997. 278: 1447–1450.

15 McNeil, A. C., Shupert, W. L., Iyasere, C. A., Hallahan, C. W., Mican, J. A.,
Davey, R. T., Jr. and Connors, M.,High-level HIV-1 viremia suppresses viral
antigen-specific CD4(+) T cell proliferation. Proc. Natl. Acad. Sci. USA 2001.
98: 13878–13883.

16 Gamadia, L. E., Remmerswaal, E. B., Weel, J. F., Bemelman, F., van Lier,
R. A. and ten Berge, I. J., Primary immune responses to human CMV: a
critical role for IFN-gamma-producing CD4+ T cells in protection against
CMV disease. Blood 2003. 101: 2686–2692.

17 Walter, E. A., Greenberg, P. D., Gilbert, M. J., Finch, R. J., Watanabe, K.
S., Thomas, E. D. and Riddell, S. R., Reconstitution of cellular immunity
against cytomegalovirus in recipients of allogeneic bone marrow by transfer
of T cell clones from the donor. N. Engl. J. Med. 1995. 333: 1038–1044.

18 Precopio, M. L., Sullivan, J. L., Willard, C., Somasundaran, M. and
Luzuriaga, K., Differential kinetics and specificity of EBV-specific CD4(+)
and CD8(+) T cells during primary infection. J. Immunol. 2003. 170:
2590–2598.

19 Leen, A., Meij, P., Redchenko, I., Middeldorp, J., Bloemena, E.,
Rickinson, A. and Blake, N., Differential immunogenicity of Epstein-Barr
virus latent-cycle proteins for human CD4+ T-helper responses. J. Virol.
2001. 75: 8649–8659.

20 M�nz, C., Bickham, K. L., Subklewe, M., Tsang, M. L., Chahroudi, A.,
Kurilla, M. G., Zhang, D., O'Donnell, M. and Steinman, R. M., Human
CD4(+) T lymphocytes consistently respond to the latent Epstein-Barr virus
nuclear antigen EBNA1. J. Exp. Med. 2000. 191: 1649–1660.

21 Kersten, M. J., Klein, M. R., Holwerda, A. M., Miedema, F. and Van Oers,
M. H. J., EBV-specific cytotoxic T cell responses in HIV-1 infection: different
kinetics in patients progressiong to opportunistic infection or non-Hodgkin's
lymphoma. J. Clin. Invest. 1997. 99: 1525–1533.

22 Dalod, M., Dupuis, M., Deschemin, J. C., Sicard, D., Salmon, D.,
Delfraissy, J. F., Venet, A., Sinet, M. and Guillet, J. G., Broad, intense anti-
human immunodeficiency virus (HIV) ex vivo CD8(+) responses in HIV
type 1-infected patients: comparison with anti-Epstein-Barr virus responses
and changes during antiretroviral therapy. J. Virol. 1999. 73: 7108–7116.

23 van Baarle, D., Hovenkamp, E., Callan, M. F. C., Wolthers, K. C.,
Kostense, S., Tan, L., Niesters, H. G. M., Osterhaus, A. D. M. E.,
McMichael, A., Miedema, F. and van Oers, M. H., Dysfunctional Epstein-
Barr virus (EBV)-specific CD8+ T lymphocytes and increased EBV load in
HIV-1 infected individuals progressing to AIDS-related non-Hodgkin's
lymphoma. Blood 2001. 98: 146–155.

24 Blake, N., Lee, S., Redchenko, I., Steven, N., Leese, A., Steigerwald-
Mullen, P. M., Kurilla, M. G., Frappier, L. and Rickinson, A.,Human CD8+

T cell responses to EBV EBNA1: HLA class I presentation of the (Gly-Ala)-
containing protein requires exogenous processing. Immunity 1998. 7:
791–801.

Erwan R. Piriou et al. Eur. J. Immunol. 2005. 35: 796–805804

f 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.eji.de



25 Amyes, E., Hatton, C., Montamat-Sicotte, D., Gudgeon, N., Rickinson, A.
B., McMichael, A. J. and Callan, M. F. C., Characterization of the CD4+

T cell responses to Epstein-Barr virus during primary and persistent
infection. J. Exp. Med. 2003. 198: 903–911.

26 Godkin, A. J., Thomas, H. C. and Openshaw, P. J., Evolution of epitope-
specific memory CD4+ T cells after clearance of hepatitis C virus. J.
Immunol. 2002. 169: 2210–2214.

27 Reece, W. H. H., Pinder, M., Gothard, P. K., Milligan, P., Bojang, K.,
Doherty, T., Plebanski, M., Akinwunmi, P., Everaere, S., Watkins, K. R. et
al., A CD4+ T cell immune response to a conserved epitope in the
circumsporozoite protein correlates with protection from natural Plasmo-
dium falciparum infection and disease. Nat. Med. 2004. 10: 406–410.

28 Younes, S. A., Yassine-Diab, B., Dumont, A. R., Boulassel, M. R.,
Grossman, Z., Routy, J. P. and Sekaly, R. P., HIV-1 viremia prevents the
establishment of interleukin 2-producing HIV-specific memory CD4+ T cells
endowed with proliferative capacity. J. Exp. Med. 2003. 198: 1909–1922.

29 Khanna, R., Burrows, S. R., Thomson, S. A., Moss, D. J., Cresswell, P.,
Poulsen, L. and Cooper, L., Class I processing defective Burkitt's lymphoma
cells are recognized efficiently by CD4+ EBV-specific CTLs. J. Immunol.1997.
158: 3619–3625.

30 Omiya, R., Buteau, C., Kobayashi, H., Paya, C. V. and Celis, E., Inhibition
of EBV-induced lymphoproliferation by CD4+ T cells specific for an MHC
class II promiscuous epitope. J. Immunol. 2002. 169: 2172–2179.

31 Nikiforow, S., Bottomfly, K., Miller, G. andM�nz, C.,Cytolytic CD4+ T cell
clones reactive to EBNA1 inhibit Epstein-Barr virus-induced B cell
proliferation. J. Virol. 2003. 77: 12088–12104.

32 Voo, K. S., Fu, T., Heslop, H. E., Brenner, M. K., Rooney, C. M. and Wang,
R. F., Identification of HLA-DP3-restricted peptides from EBNA1 recognized
by CD4(+) T cells. Cancer Res. 2002. 62: 7195–7199.

33 Landais, E., Saulquin, X., Scotet, E., Trautmann, L., Peyrat, M.-A., Yates,
J. L., Kwok, W. W., Bonneville, M. and Houssaint, E., Direct killing of
Epstein-Barr virus (EBV)–infected B cells by CD4 T cells directed against the
EBV lytic protein BHRF1. Blood 2004. 103: 1408–1416.

34 Levitskaya, J., Sharipo, A., Leonchiks, A., Ciechanover, A. and Masucci,
M. G., Inhibition of ubiquitin/proteasome-dependent protein degradation
by the Gly-Ala repeat domain of the Epstein-Barr virus nuclear antigen 1.
Proc. Natl. Acad. Sci. USA 1997. 94: 12616–12621.

35 Yin, Y., Manoury, B. and F�hraeus, R., Self-inhibition of synthesis and
antigen presentation by Epstein-Barr virus-encoded EBNA1. Science 2003.
301: 1371–1374.

36 Voo, K. S., Fu, T., Wang, H. J., Tellam, J., Heslop, H. E., Brenner, M. K.,
Rooney, C. M. and Wang, R. F., Evidence for the presentation of major
histocompatibility complex class I-restricted Epstein-Barr virus nuclear
antigen peptides to CD8+ T lymphocytes. J. Exp. Med. 2004. 199: 459–470.

37 Munz, C., Epstein-Barr virus nuclear antigen 1: from immunologically
invisible to a promising T cell target. J. Exp. Med. 2004. 199: 1301–1304.

38 Tellam, J., Conolly, G., Green, K. J., Miles, J. J., Moss, D. J., Burrows, S. R.
and Khanna, R., Endogenous presentation of CD8+ T cell epitopes from
Epstein-Barr virus-encoded nuclear antigen 1. J. Exp. Med. 2004. 199:
1421–1431.

39 Lee, S. P., Brooks, J. M., Al-Jarrah, H., Thomas, W. A., Haigh, T. A.,
Taylor, G. S., Humme, S., Schepers, A., Hammerschmidt, W., Yates, J. L.,
Rickinson, A. B. and Blake, N. W., CD8 T cell recognition of endogenously
expressed Epstein-Barr virus nuclear antigen 1. J. Exp. Med. 2004. 199:
1409–1420.

40 Bitmansour, A. D., Douek, D. C., Maino, V. C. and Picker, L. J., Direct ex
vivo analysis of human CD4+ memory T cell activation requirements at the
single clonotype level. J. Immunol. 2002. 169: 1207–1218.

41 Niesters, H. G. M., van Esser, J., Fries, E., Wolthers, K. C., Cornelissen, J.
and Osterhaus, A. D. M. E., The development of a high-throughput real-
time quantitative assay for Epstein-Barr virus detection. J. Clin. Microbiol.
2000. 38: 712–715.

42 van Baarle, D., Wolthers, K. C., Hovenkamp, E., Niesters, H. G. M.,
Osterhaus, A. D. M. E., Miedema, F. and Van Oers, M. H. J., Absolute level
of Epstein-Barr virus DNA in human immunodeficiency virus type 1
infection is not predictive of AIDS-related non-Hodgkin lymphoma. J.
Infect. Dis. 2002. 186: 405–409.

43 Pongers-Willemse, M. J., Verhagen, O. J., Tibbe, G. J., Wijkhuijs, A. J.,
de, Haas, V., Roovers, E., van der Schoot, C. E. and van Dongen, J. J.,
Real-time quantitative PCR for the detection of minimal residual disease in
acute lymphoblastic leukemia using junctional region specific TaqMan
probes. Leukemia 1998. 12: 2006–2014.

Eur. J. Immunol. 2005. 35: 796–805 Immunity to infection 805

f 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.eji.de


