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Following the introduction of highly active antiretroviral therapy (HAART), the incidence of Kaposi’s
sarcoma (KS) has significantly declined in human immunodeficiency virus type 1 (HIV-1)-positive (HIV-1�)
individuals and clinical remission is often observed. We hypothesize that these effects are partly due to anti-
KS-associated herpesvirus (KSHV) immune restoration. Here, 15-mer overlapping peptides from proteins K12
and K8.1 were used to identify novel KSHV-specific cytotoxic T-lymphocyte epitopes. Three immunogenic pep-
tides, two lytic and one latent, were subsequently used to monitor the anti-KSHV CD8� T-cell responses in a
cohort of 19 HIV-1� KSHV�/� KS�/� individuals during 52 weeks of HAART. KSHV and HIV-1 loads, KSHV
antibody titers, and both CD4� and CD8� T-lymphocyte counts were enumerated. Prior to HAART, the total
number of spot-forming cells (SFC) for all three peptides correlated with both CD4� and CD8� T-lymphocyte
counts (P < 0.05) in the KSHV-positive KS-positive cohort (n � 11). Following 52 weeks of HAART, significant
decreases in HIV-1 and KSHV loads were associated with significant increases in CD4� T-lymphocyte counts
and number of SFC for the three KSHV-specific peptides. Although these increases were modest in comparison
to the number of SFC observed with the HIV-1 gag peptide SLYNTVATL, they represented a fourfold increase
from the baseline, continuing an upward trend to week 52.

Kaposi’s sarcoma (KS)-associated herpesvirus (KSHV, or
human herpesvirus 8) is the etiological agent of KS (23). In the
early 1980s, a KS epidemic was described among young homo-
sexual men in the United States (3) and became one of the first
AIDS-defining conditions. AIDS-KS was found to be more
common in human immunodeficiency virus type 1 (HIV-1)-
infected homosexual men than in other HIV-1 risk groups (7).
However, since the introduction of highly active antiretroviral
therapy (HAART) in developed countries, the incidence of
AIDS-KS has rapidly declined (8, 15), with many case reports
documenting the resolution of KS lesions following therapy (4,
14, 16, 17, 25).

Cellular immune responses are a critical part of host defense
against viral infections, with CD8� T lymphocytes assuming a
pivotal role in the control of infection. Virus-specific cytotoxic
T lymphocytes (CTL) have been shown to be important in
controlling viremia in primary HIV-1 and herpesvirus infec-
tions (2, 22, 24). However, only two groups to date have re-
ported CTL responses to both lytic and latent antigens of

KSHV, with no dominant response to a specific KSHV antigen
being defined (20, 27, 28). KSHV-specific CD8� T lympho-
cytes are likely to be an important component in the control of
KSHV infection, and one report has suggested that CTL re-
sponses decrease 2 to 3 years after primary infection in HIV-
1-seronegative individuals (27).

We hypothesize that, like Epstein-Barr virus (EBV), KSHV
establishes a persistent infection which is normally controlled
by the immune system, with the number of KSHV-infected
cells being under immunological control. As a result of HIV-1
infection, immunosuppression leads to an increase in the num-
ber of KSHV-infected cells, resulting in the development of
KSHV-related tumors and the expression of lytic viral genes.
The human gammaherpesviruses establish latent infections in
lymphoid cells, where only a limited number of viral genes, the
so-called latent genes, are expressed. In EBV infection, virus-
specific CTL activity directed at peptides from both lytic and
latent proteins is an important factor in the pathogenesis of
EBV-associated diseases (22). In this study, we have used over-
lapping peptides from the unique lytic (K8.1) and latent (K12)
proteins of KSHV to identify novel KSHV-specific CTL target
epitopes which exclude cross-reactivity with EBV-specific
CTL. We have used these peptides to longitudinally monitor
anti-KSHV-specific CTL responses in a cohort of HIV-1-pos-
itive (HIV-1�) KSHV�/� KS�/� individuals receiving HAART

* Corresponding author. Mailing address: Department of Immunol-
ogy, Imperial College of Science, Technology, and Medicine, Chelsea
and Westminster Hospital, 369 Fulham Rd., London SW10 9NH,
United Kingdom. Phone: 44 (0)20 8746 5996. Fax: 44 (0)20 8746 5997.
E-mail: f.gotch@ic.ac.uk.

2634



for 52 weeks to determine the level of immune reconstitution
toward KSHV.

(This work was presented in part at the 3rd International
Workshop on Kaposi’s Sarcoma-Associated Herpesvirus and
Related Agents, University of Massachusetts, Amherst, 2000
[abstr. 104], and the HIV Pathogenesis Symposia, Keystone,
Colo., 2001 [abstr. 447].)

MATERIALS AND METHODS

Patients and study design. Two cohorts of HIV-1� patients were recruited
from the Chelsea and Westminster Hospital following informed consent and
local ethical approval. Cohort A comprised 10 randomly selected HAART-
treated HIV-1� KSHV-positive (KSHV�) KS�/� patients recruited for the iden-
tification of KSHV-specific CTL epitopes against K12 and K8.1 proteins by use
of overlapping peptides. These patients had mixed HLA types and were bled at
a single time point only. As a result of HAART, the cohort demonstrated a mean
CD4� T-lymphocyte count of 547 cells/�l (standard error [SE], �140) and a
mean log HIV-1 load of 2.19 (�0.3) and a mean log KSHV load of 677 (�448)
copies/106 peripheral blood mononuclear cells (PBMC). Six HIV-1- and KSHV-
seronegative individuals were used as controls. Cohort B comprised 19 HIV-1�

patients who were monitored longitudinally over time pre- and post-HAART.
These 19 individuals were placed in three study cohorts prior to the initiation of
antiretroviral therapy and consisted of 11 KSHV� KS-positive (KS�), 4 KSHV�

KS-negative (KS�), and 4 KSHV-negative (KSHV�) KS� individuals (Table 1).
Serial blood samples were collected in lithium-heparin-potassium-EDTA tubes
at 0, 2, 4, 8, 12, 18, 24, 36, and 52 weeks of HAART. Serologic testing of
KSHV-specific antibodies, quantification of KSHV and HIV-1 loads, and T-
lymphocyte phenotyping and enumeration were performed at these time points.
In addition, PBMC were collected, cryopreserved, and batch tested in a gamma
interferon (IFN-�) enzyme-linked immunospot (ELIspot) assay. All patients
were HLA typed to determine peptide HLA class I restriction as previously
described (20).

Viral serology. Antibodies against latent nuclear antigen 1 of KSHV were
detected by an indirect immunofluorescence assay as previously described (5,
29). To determine anti-KSHV antibody titers, twofold serial dilutions of patient
serum were made starting with a dilution of 1:200.

Quantification of KSHV load. For KSHV load quantification, DNA was ex-
tracted from whole blood by using a QIAamp blood kit (Qiagen, Sussex, United
Kingdom) according to the manufacturer’s instructions. The purified DNA was
amplified by PCR with a real-time PCR TaqMan assay (Perkin-Elmer Biosys-
tems 7700 sequence detector) as described previously (12). PCR primers were
used to quantify the human albumin gene copy number (1), and sequences from
the open reading frame 73 gene were used as PCR primers to quantify KSHV
(12). A plasmid containing sequences for both KSHV and the human albumin
gene was constructed as a positive control with serial dilutions generating a
standard curve. PCR product formation, leading to the activation of AmpliTaq
Gold, releases a fluorescent reporter. The number of PCR cycles required for
each sample to reach a threshold limit of fluorescence was compared to the
standard curve. KSHV load is presented as copies per 106 PBMC, with a cutoff
for detection of �100 copies/106 PBMC.

Quantification of HIV-1 load. Plasma HIV-1 load was determined with an
HIV-1 RNA 3.0 assay (Bayer, Berkshire, United Kingdom). The lower limit of
detection was �50 HIV RNA copies/ml.

Peptides. Peptides with a length of 15 amino acids (aa) and with a 5-aa overlap
were synthesized (Advanced Biotechnology Center, Charing Cross Hospital,
Imperial College School of Medicine, London, United Kingdom) for both the
latent (K12) (kaposin A) and the lytic (K8.1) (gp35/37) proteins of KSHV. Each
peptide was initially solubilized in 100% dimethyl sulfoxide, and sterile phos-
phate-buffered saline was added to give a final peptide stock concentration of 1
mM. For K12, there were six 15-mer peptides, designated P1 to P6; for K8.1,
there were 23, P1 to P23. Following optimization experiments, the KSHV pep-
tides were used in the ELIspot assay at a concentration of 25 �M. Additionally,
the HLA-A*0201-restricted HIV-1 peptide SLYNTVATL (SL9, HIV-1 p17, aa
77 to 85) was used to determine the frequency of gag-specific IFN-�-secreting
cells in four HLA-A2 HIV-1� KSHV� KS� patients pre- and post-HAART (6).
The HIV-1 antigen was used in the IFN-� ELIspot assay at a concentration of 10
�g/ml.

T-lymphocyte phenotyping and enumeration. Monoclonal antibodies to CD3,
CD4, and CD8 (Beckman Coulter, High Wycombe, United Kingdom) were used

to determine absolute T-lymphocyte counts. A EPICSXL-MCL apparatus
(Beckman Coulter) was used for flow cytometric analyses of whole blood.

IFN-� ELIspot assay. Detection of single-cell IFN-� release by the ELIspot
assay was performed as previously described (13). Cryopreserved PBMC were
rapidly thawed, viability was assessed by 0.4% trypan blue dye exclusion, and the
PBMC batch was tested in the ELIspot assay to avoid interassay variation.
Briefly, 2 � 105 cells/well were cultured in 10% AB plasma–RPMI medium
(Sigma, Dorset, United Kingdom) in a 96-well polyvinylidene difluoride-backed
plate (Millipore, Bedford, Mass.) coated with an anti-IFN-� monoclonal anti-
body (Mabtech, Nacka, Sweden). Cells were stimulated with appropriate pep-
tides and phytohemagglutinin (5 �g/ml; Sigma), which acted as a positive control,
in 10% AB plasma–RPMI medium. The negative control comprised cells cul-
tured with medium alone to allow evaluation of background IFN-� release.
Plates were incubated for 36 h at 37°C with 5% CO2. Spot-forming cells (SFC)
were then detected according to the antibody manufacturer’s instructions
(Mabtech) and counted under a stereomicroscope. For each peptide, back-
ground values were subtracted and the number of spots was expressed as SFC
per 106 PBMC. To determine major histocompatibility complex class I peptide
restriction, monoclonal antibody W6/32 (Dako, Glostrup, Denmark) was added
to patient PBMC at 1 �g/ml for 30 min at 4°C. The cells were washed twice in
10% AB plasma–RPMI medium and plated by use of the ELIspot assay.

CTL assay (chromium release assay). Confirmation of CTL activity was de-
termined by using a chromium release assay as previously described (20). Briefly,
patient PBMC were cultured in 10% AB plasma–RPMI medium at 2 � 106

cells/ml and stimulated with 50 �M relevant peptide, and 50 U of interleukin 2
(Roche Diagnostics Ltd., Sussex, United Kingdom)/ml was added on days 0, 3,
and 7 of culturing. Effector cells were assessed for specific killing of 51Cr-labeled
EBV-transformed autologous B cells (target cells) (pulsed with each peptide) at
effector/target ratios of 20:1, 40:1, and 80:1 on day 10.

Statistical methods. Statistical analysis was performed by using Statview 4.5
software (Abacus, Berkeley, Calif.). Comparisons between two independent
groups were tested by using the Mann-Whitney U test with a P value of �0.05 as
the cutoff for significance. Regression analysis was performed to determine
correlations between KSHV load and the other biological parameters measured.

RESULTS

Identification of CTL epitopes for lytic and latent genes of
KSHV. (i) Computer predictions of binding. To identify po-
tential HLA class I-restricted epitopes within KSHV K12 and
K8.1, the amino acid sequences of both proteins were analyzed
by a computer program designed to predict HLA-binding pep-
tides (http://bimas.dcrt.nih.gov/molbio/hla__bind) based on an
estimation of the half-time disassociation of the HLA-peptide
complex (21). For K12, peptide 2 (P2) was predicted to confer
the strongest binding to the HLA-A2 molecule, with a score of
1,008. Low binding scores were predicted for binding of the
remaining peptide sequences to the HLA-A2 molecule and to
all remaining HLA types. P2 and peptide 21 and peptides 19
and 20 of K8.1 demonstrated the strongest binding to HLA-A2
and HLA-A24, respectively (scores of 592, 459, 420, and 300,
respectively). No other peptides from K8.1 demonstrated high
HLA binding scores for any of the other HLA molecules as-
sessed.

(ii) K12 ELIspot assay and class I blocking. KSHV-specific
SFC were observed for all six overlapping peptides of K12 (Fig.
1a). The strongest responses were seen for K12 P2, with a
mean of 236 SFC (�58)/106 PBMC. Mean responses to the
remaining five peptides ranged from 80 to 160 SFC. Peptide
responses in the seronegative controls were significantly lower,
with means of �15 SFC for the six peptides. To further define
the KSHV-specific CTL epitope, seven 9-mer overlapping pep-
tides from P2, designated P2.1 to P2.7, were synthesized. Mean
responses to P2.1 to P2.7 were 19 (�8), 33 (�14), 39 (�12),
24 (�11), 25 (�11), 41 (�11), and 74 (�20) SFC, respectively
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(n � 10). These studies suggest that P2.7 (LLNGWRWRL) at
positions 17 to 25 of K12 is the optimal epitope.

HLA class I restriction was confirmed by using the anti-HLA
class I monoclonal antibody W6/32 such that the mean number
of SFC in four HIV-1� KSHV� KS� individuals was reduced
to the level observed in seronegative controls upon pretreat-
ment of the PBMC with the antibody (data not shown).

(iii) K12 chromium release assay. Confirmation of cell kill-
ing of targets presenting peptides 1 to 6 was determined by
using a standard chromium release assay. KSHV-specific CTL
responses were greatest to K12 P2, with a mean specific cyto-
toxicity of 38% (�5%) at a 40:1 effector/target ratio (Fig. 1b).
The mean percent specific cytotoxicities for the other five pep-
tides ranged from 24 to 30%. For K12 P2, a correlation was
observed between the number of SFC in the ELIspot assay and
the KSHV-specific cytotoxicity in the chromium release assay
(r � 0.83, P � 0.08).

(iv) K8.1 ELIspot assay. Differential responses to the 23
peptides of K8.1 were observed (Fig. 2). The numbers of SFC
were the highest for peptides 22 (P22) and 14 (P14), with mean
numbers of 268 (�76) and 116 (�33) SFC/106 PBMC, respec-
tively. The response to K8.1 P22 was significantly greater than
that to any of the other overlapping peptides (P � 0.02), for
which, with the exception of P14, the mean number of SFC was
�70.

Longitudinal analysis of KSHV-specific CTL epitopes in
patients receiving HAART. As a result of these studies, P2
(VHVPDVLLNGWRWRL) of K12 and P14 (ELTDALISAF

FIG. 1. Determination of KSHV K12 peptide-specific CTL in
KSHV� KS� individuals by using an ELIspot assay (n � 10) (a) and a
chromium release assay (n � 5) (b). Means and SEs are shown.
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SGSYS) and P22 (LILYLCVPRCRRKKP) of K8.1 were used
to longitudinally monitor the reconstitution of KSHV-specific
CTL in a cohort of 19 patients receiving HAART for 52 weeks.

(i) Treatment and clinical response. Of the 11 HIV-1�

KSHV� KS� patients at day 0, 7 received HAART alone, 1
received radiotherapy in addition to HAART, and 3 received
chemotherapy in addition to HAART. The HIV-1� KSHV�

KS� and HIV-1� KSHV� KS� patients received HAART
alone. Four of the 11 individuals resolved their KS lesions, 4
showed a marked improvement in their KS lesions, 2 demon-
strated no change, and 1 showed worse symptoms by week 52.
Three of the four patients receiving additional therapy with
HAART resolved their KS lesions; the fourth was the single
patient who showed an increase in KS lesions at week 52. The
four patients with KS resolution at week 52 demonstrated
decreases to undetectable levels of both HIV-1 and KSHV
loads by week 52. The four patients showing an improvement
in KS demonstrated undetectable HIV-1 loads and reductions
in KSHV loads; however, as expected, with the presence of KS
lesions at week 52, they did not show undetectable levels.
Similarly, the two individuals with KS present at week 52 dem-
onstrated undetectable HIV-1 loads but positive KSHV loads,
although these were reduced from day 0. The single patient
with deteriorating KS status by week 52 demonstrated positive
HIV-1 and KSHV loads throughout the study.

(ii) Baseline characteristics. The baseline characteristics of
the three cohorts of 19 HIV-1� KSHV�/� KS�/� patients
were generally well matched prior to the initiation of therapy
(Table 1). Significant differences between the cohort parame-
ters were observed, including, as expected, a significantly low-
er KSHV load in the KSHV� KS� cohort than in both the
KSHV� KS� and the KSHV� KS� cohorts (P � 0.03 and
0.004, respectively). In addition, the KSHV� KS� cohort dem-
onstrated a significantly lower CD4� T-lymphocyte count (P �
0.04) than the KSHV� KS� cohort and a significantly higher
HIV-1 load (P � 0.05) than the KSHV� KS� cohort at base-
line.

(iii) Correlation of KSHV peptide-specific SFC with biolog-

ical markers prior to HAART. At baseline, the number of
KSHV peptide-specific SFC for K8.1 P22 significantly corre-
lated with both CD4� and CD8� T-lymphocyte counts (r � 0.7
and 0.68 and P � 0.02 and 0.02, respectively), such that higher
numbers of IFN-�-secreting cells were associated with higher
numbers of both T-lymphocyte subsets. A similar trend was
observed for K12 P2, with higher numbers of SFC being asso-
ciated with higher numbers of both CD4� and CD8� T-lym-
phocytes at baseline (r � 0.59 and 0.56 and P � 0.06 and 0.07,
respectively). The total number of SFC for all three peptides
combined (P2, P14, and P22) also positively correlated with the
numbers of CD4� and CD8� T-lymphocytes at baseline (r �
0.65 and 0.62 and P � 0.03 and 0.04, respectively). There were
no other correlations between the number of KSHV peptide-
specific SFC and any other biological parameter measured.

(iv) Immune reconstitution with HAART. (a) Effects of
HAART on T-lymphocyte count and viral load following 52
weeks of therapy. Characteristically, mean log plasma HIV-1
loads significantly decreased in all three cohorts following 52
weeks of HAART to 288 copies/ml in the KSHV� KS� cohort
(P � 0.01) and to below detectable levels (�50 copies/ml) in
the KSHV� KS� (P � 0.05) and KSHV� KS� (P � 0.03)
cohorts (Fig. 3a). Mean CD4� T-lymphocyte counts increased
by 159, 53, and 225 cells/�l and mean CD8� T-lymphocyte
counts increased by 152 cells/�l and decreased by 249 and 109
cells/�l in the KSHV� KS�, KSHV� KS�, and KSHV� KS�

cohorts, respectively. Additionally,we noted a significant mean
log reduction of 1.1 in KSHV load in the KSHV� KS� cohort
to 290 copies/106 PBMC (P � 0.04), a mean log reduction of
1.83 to 47 copies/106 PBMC in the KSHV� KS� cohort (P �
0.08), and no change in the KSHV� KS� cohort, in which the
load remained undetectable at �100 copies/106 PBMC (Fig.
3b). The mean indirect immunofluorescence assay KSHV an-
tigen titers increased in all three cohorts by 45,546, 79,733, and
4,200 to 121,600, 115,200, and 6,400 at week 52 for the KSHV�

KS�, KSHV� KS�, and KSHV� KS� cohorts, respectively,
suggesting increased B-cell functionality.

(b) Reconstitution of KSHV-specific IFN-�-producing T

FIG. 2. Determination of K8.1 peptide-specific IFN-�-producing PBMC in KSHV� KS�individuals (n � 10). Means and SEs are shown.
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lymphocytes in patients receiving HAART. Following 52 weeks
of HAART, we noted 3.8-, 1.5-, and 1.4-fold increases from
baseline in the total numbers of SFC for the three KSHV-
specific peptides in the 11 KSHV� KS�, 4 KSHV� KS�, and
4 KSHV� KS� patients, respectively. In the KSHV� KS�

cohort, these data represented a significant increase from base-
line at weeks 24 (P � 0.04) and 52 (P � 0.02) from 29 to 109
(week 24) and 110 (week 52) SFC/106 PBMC for P2, P14, and
P22 combined. Individual peptide responses in this cohort
equated to 3.8-, 3.6-, and 4-fold increases for K12 P2 and K8.1
P14 and P22, respectively, at week 52. Mean peak responses
were 24 � 19 SFC at week 24 for K12 P2, a significant increase
from baseline (P � 0.02); 66 � 31 SFC at week 24 for K8.1
P14; and 40 � 16 SFC at week 52 for K8.1 P22 (Fig. 4a). At
week 52, the numbers of SFC for the two peptides of the K8.1
lytic protein demonstrated further increases, while responses
to P2 of the K12 latent protein were transient, with the expres-
sion of between 5 and 24 SFC throughout therapy. Positive
correlations between K8.1 P22 SFC and both CD8� T-lympho-
cyte number (r � 0.79, P � 0.01) and log KSHV load (r � 0.64,
P � 0.09) at week 52 suggested an association between IFN-�
release and effector cell number and antigenic stimulation.
Such an association was not observed for K12 P2 or K8.1 P14.

(c) HLA restriction. A comparison of the KSHV peptide-
specific responses between individual HLA types was per-
formed to determine peptide restriction in the 11 KSHV� KS�

patients. In support of the peptide-binding predictions for K12

P2, there was a significant increase in the mean number of SFC
in HLA-A2 individuals (n � 6) compared to non-HLA-A2
individuals (n � 5) at week 52 of HAART (P � 0.02) (Fig. 4b).
The HLA-A2 individuals demonstrated mean increases from
baseline to week 52 of 31 (P � 0.02), 49, and 14 SFC while the
non-HLA-A2 individuals demonstrated a decrease of 8 SFC
and increases of 21 and 52 SFC for the KSHV-specific peptides
K12 P2 and K8.1 P14 and P22, respectively. This difference in
responses between HLA-A2 and non-HLA-A2 individuals,
with an increase in SFC in HLA-A2 individuals, was significant
for P2 (P � 0.02) alone, suggesting HLA-A2 restriction for this
peptide. Similarly, there was a suggestion that K8.1 P14 was
restricted through HLA-A24 (Fig. 4c). When the KSHV� KS�

FIG. 3. Mean viral loads in the three cohorts of HIV-1-infected
patients receiving HAART. (a) Mean and SE plasma HIV-1 load. (b)
Mean and SE KSHV load.

FIG. 4. Numbers of IFN-�-secreting SFC in 11 HIV-1� KSHV�

KS� individuals for KSHV K12 and K8.1 P2, P14, and P22 (a) and for
P2 and P14 when grouped according to HLA types HLA-A2 (b) and
HLA-A24 (c), respectively. Means and SEs are shown.
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cohort was again divided by HLA type, the HLA-A24 individ-
uals (n � 3) demonstrated significantly higher numbers of
P14-specific SFC at weeks 18 (P � 0.04) and 24 (P � 0.03) of
HAART than the non-HLA-A24 individuals (n � 8), a trend
that remained to week 52 (P � 0.08). Increases in SFC from
baseline in the HLA-A24 cohort peaked at week 24 with 125 �
60 SFC and remained at 123 � 48 SFC at week 52. In contrast,
the number of SFC in the non-HLA-A24 cohort remained at
�30 throughout HAART. No HLA restriction could be deter-
mined for K8.1 P22 despite strong computer predictions for
the binding of closely associated K8.1 P20 and P21 to HLA-
A24 and HLA-A2, respectively. Smaller overlapping peptides
of between 8 and 10 aa may be required to determine HLA
restriction for P22.

(d) Immune reconstitution toward HIV-1 in patients receiv-
ing HAART. To confirm that the low level of SFC observed for
the KSHV peptides was a genuine level of expression, an
HIV-1 peptide was used as an internal control. The frequency
of gag-specific IFN-�-secreting cells was determined by using
the HLA-A2-restricted peptide SLYNTVATL. At baseline,
the four HIV-1� KSHV� KS� patients demonstrated a mean
of 115 � 43 SFC/106 PBMC; this level decreased to 57 � 57
and 43 � 23 SFC at weeks 24 and 36, respectively. This loss of
SFC was accompanied by a decrease in mean HIV-1 load to
below detectable levels (�50 copies/ml) at week 24. At week
36, the cohort demonstrated a viral rebound with an increase in
mean HIV-1 load to 347 � 7 copies/ml, which resulted in a
mean increase in the level of gag-specific IFN-�-producing cells
to 163 � 134 SFC/106 PBMC at week 52.

DISCUSSION

This study provides a novel description of virus-specific
CTL epitopes for KSHV. We identified three dominant epi-
topes, one from the latent gene K12 (recently confirmed by
Micheletti et al. in a preliminary manner [F. Micheletti, P.
Monini, C. Fortini, P. Rimessi, M. Bazzaro, M. Andreoni, B.
Ensoli, and R. Gavioli, Abstr. 4th Int. Conf. HHV-6, -7 and -8,
abstr. 015, 2001]) and two immunogenic peptides from the lytic
gene K8.1 that both induced CD8� IFN-� release and direct
cell lysis. The CD8� CTL epitopes were major histocompati-
bility complex class I restricted, with a propensity for HLA-A2
and HLA-24 restriction, as predicted by an analysis of HLA-
peptide binding. However, CD8� T-lymphocyte responses
were observed in non-HLA-A2 and non-HLA-A24 individuals,
and K8.1 P22 could not be associated with HLA restriction,
suggesting that there may be more promiscuous HLA restric-
tion with these peptides. Additionally, we characterized CD8�

CTL responses to these immunogenic KSHV peptides in a
cohort of HIV-1� KSHV� KS� individuals receiving 52 weeks
of HAART and showed an increase in their numbers with
antiretroviral therapy. Such immune reconstitution toward
KSHV was not previously described. The numbers of KSHV-
specific CTL detected in this study were relatively low, in
support of the results of other studies (20, 28) which detect-
ed KSHV-specific CTL and which also demonstrated low
frequencies. However, similar frequencies of CD8� T-cell
responses have been reported for HIV-1, EBV, and cyto-
megalovirus antigens (9). Despite the low level of immune
reconstitution toward KSHV, there was an approximate four-

fold increase in CD8� T-lymphocyte responses to all three
immunogenic peptides at week 52 of HAART.

Following initial experiments to confirm cell lysis in a chro-
mium release assay, we chose the ELIspot assay over the more
conventional chromium release assay because it was easier to
use and resulted in similar data, as shown by regression anal-
ysis. In addition, the frequencies of IFN-�-releasing cells were
shown to be higher than precursor CTL frequencies obtained
by limiting dilution assays (18, 27); this aspect is an advantage
in the presence of low CD8� effector frequencies.

Following HAART, there was an upward trend in the num-
ber of SFC for the K8.1 lytic antigens P14 and P22 at week 52,
and the CD8� T-lymphocyte response may have increased
further with prolonged antiretroviral therapy. The increased
number of IFN-�-releasing cells and the wide variation in
individual responses, as shown by wide SE bars for cohort A,
may be a reflection of the amount of time each individual has
been receiving HAART. We observed a greater reconstitution
of the immune system toward the lytic peptides of KSHV than
toward the latent peptide (K12), a finding that was previously
reported for whole KSHV proteins (28). Interestingly, it is the
lytic cycle proteins of EBV that are targets for CD8� CTL
during both primary and chronic infections (26). This CD8�

response to the lytic antigens, in addition to the correlation
between KSHV load and K8.1 P22 SFC numbers at week 52,
suggests that there may be ongoing KSHV replication within
the HIV-1� KSHV� KS� cohort, similar to the antigenic stim-
ulation required for CD8� responses in HIV-1 infection (19,
30). In other words, ongoing KSHV replication may be a re-
quirement to induce CD8� responses, as with HIV-1, an idea
which is supported by our data obtained with the HIV-1 pep-
tide SLYNTVATL.

Following 52 weeks of HAART, decreases in KSHV load
were greater in patients without KS than in those with KS,
suggesting a positive role for early therapeutic intervention.
The higher level of viral replication in the KSHV� KS� cohort
was associated with a higher number of SFC to the lytic pep-
tides of KSHV compared to the results obtained for the
KSHV� KS� cohort. However, the increases in the CD8�

cell-mediated responses to the latent peptide of KSHV were
the same for both cohorts. This result suggests that virus is
replicating faster in patients with KS than in those without KS
and also that it may be important to induce immune reconsti-
tution specific for latent proteins, which could prevent progres-
sion to KS in KSHV� KS� patients.

In addition to KSHV replication, the data suggest that
CD4� T-lymphocyte help may also be required for anti-KSHV
CD8� T-cell responses. The correlation observed between
KSHV peptide responses and numbers of T lymphocytes pre-
and post-HAART suggests that high numbers of effector cells
are required in conjunction with high numbers of CD4� T-
helper cells, a concept that has been well documented for
HIV-1 (10, 11). The increased response to the immunogenic
peptides in cohort A may therefore be a reflection of the
higher number of CD4� T lymphocytes in these individuals
than in cohort B individuals.

In addition, we showed an increase in anti-KSHV antibody
titer over 52 weeks of HAART, indicating a possible restora-
tion of humoral immune responses. These responses may in-
fluence KSHV pathogenesis and KS lesion regression.
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In this study, we have identified class I-restricted CTL
against KSHV, allowing us to evaluate the effectiveness of
HAART in the reconstitution of KSHV-specific CTL. Follow-
ing confirmation of this restriction with smaller overlapping
peptides, we will develop a KSHV tetramer with which we can
measure the frequency of KSHV-specific CTL ex vivo. Our
data suggest that with the reduction of HIV-1 load with effec-
tive antiretroviral therapy, the immune system is able to deal
with other host infections. The numbers of KSHV-specific
CTL are relatively low in comparison to the numbers of HIV-
1-specific CTL, but we have detected these responses in chron-
ically HIV-1-infected individuals who have a CD4� count of
�200 cells/�l but who are still able to demonstrate increasing
responses over time on HAART. However, the identification
of KSHV-specific CTL epitopes is a major advance in the
understanding of KSHV-immune interactions and may lead to
successful prophylactic and therapeutic vaccines.
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