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ABSTRACT: Patients with genital herpes have frequent
viral reactivations. The repeated antigenic rechallenges
can modulate the CD4� memory T-cell repertoires dur-
ing the course of infection. In this study, the CD4� T-cell
responses against the herpes simplex virus type 2 (HSV-2)
tegument protein VP16 were studied in two HSV-2–
infected subjects at two different time points that spanned
a 5-year period. Although the VP16-specific T cells did
exhibit variation of T-cell receptor V� usages at the two
time points, T cells that used identical V� and CDR3

junction sequences were also observed at the two time p
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oints. These experiments demonstrate that the CD4� T
ells that are directed against HSV-2 VP16 protein in
hronically infected individuals are oligoclonal and that T
ells of specific clonotypes can be maintained throughout
he course of the disease. Human Immunology 66,
77–787 (2005). © American Society for Histocompati-
ility and Immunogenetics, 2005. Published by Elsevier
nc.
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ABBREVIATIONS
FITC fluorescein isothiocyanate
HLA human leukocyte antigen
BMC peripheral blood mononuclear cell
CR T-cell receptor

GEM tetramer guided epitope mapping
NTRODUCTION
erpes simplex virus type 2 (HSV-2) is the major cause

f genital herpes. It is estimated that 20% of the U.S.
opulation over 16 years of age is infected with HSV-2
1]. After initial acute viral infection, the viruses remain
atent in the nerve ganglion. HSV reactivation is com-
on, and shedding occurs in the anogenital region in

8% of days sampled among healthy seropositive indi-
iduals [2, 3]. Viral reactivation can be either symptom-
tic or asymptomatic [4, 5]. Symptoms tend to lessen
ver time [6]. It is not known whether this is the result
f immunologic maturation or determinant spreading, or
hether it is related to ganglionic events. The intermit-

ent reactivation of HSV-2 viral infection provides a
nique situation to examine how repeated antigenic chal-
enges shaped the memory T-cell repertoires.

From the Benaroya Research Institute at Virginia Mason (N.A.D.,
.W.K.), and Department of Medicine, University of Washington

D.M.K.), Seattle, WA, USA.
Address reprint requests to: Dr. William W. Kwok, Benaroya Research In-

titute at Virginia Mason, 1201 9th Avenue, Seattle WA 98101; Tel: (206)
83-6527; Fax: (206) 223-7638; E-mail: bkwok@benaroyaresearch.org.

Received December 13, 2004; revised March 11, 2005; accepted March
As a consequence of the life cycle of the virus, the
mmune system is exposed to the virus periodically
hroughout the lifetime of the infected individual. HSV-
–specific cytotoxic lymphocytes are critical for viral
learance. Both CD4� and CD8� T cells specific for
SV-2 are found to have cytolytic activity [7, 8]. The

CP47 gene encoded by the HSV-2 virus can downregu-
ate class I expression by inhibition of the peptide trans-
orter TAP [9]. The class I downregulation provides a
echanism by which the viral infected cells can evade

he immune surveillance of HSV-specific CD8� T cells
n the early phase of viral infection. Production of inter-
eron gamma by CD4� and natural killer cells will
ventually upregulate class I expression on an HSV-
nfected cell and will render the infected cell susceptible
o CD8� T-cell lysis. The potential evasion of CD8� T
ells during the first few days of viral infection, together
ith the cytolytic and helper activity of CD4� T cells in
riming and maintaining CD8� T cells, underscores the
ole of HSV-2–specific CD4� T cells in the control of
SV-2 infection.
The frequent recurrent activation of HSV-2 raises the
uestion whether T cells that are directed against HSV-2

0198-8859/05/$–see front matter
doi:10.1016/j.humimm.2005.03.007
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ntigens are of different clonotypes during the course of
he infection. It is also possible that different epitopes
ay be recognized during the course of the disease. A

ecent study indicated that HSV-2–specific CD8� CTL
lonotypes could persist for a long period of time [10].
owever, the methodology used in the study did not

valuate the prevalence of these persistent CD8� T cells.
he maintenance of the dominant epitope during that
eriod was also not addressed. The current study focuses
n the maintenance of HSV-2–specific CD4� T cells in
eripheral blood. The CD4� T-cell responses toward the
SV-2 tegument protein VP16 in two HSV-2–infected

ubjects at two time points 5 years apart were examined.
he class II–restricted immunodominant epitopes for
P16 protein, the V� usages of the CD4� T cells that

re directed against the VP16 protein, and the clono-
ypes of these T cells were examined at these two time
oints. There was no significant change in the T-cell
epertoires that were directed against VP16 protein over
he 5-year period in which the peripheral blood mono-
uclear cells (PBMCs) were obtained. T cells of identical
lonotypes were observed at both time points with sim-
lar frequency. The life cycle of HSV-2 virus in main-
aining the CD4� T-cell responses and the implication
f the current results on the differentiation of CD4�

emory T cells are discussed.

ATERIALS AND METHODS
onor Samples

ubjects 5101 and 5607 were seronegative for human
mmunodeficiency virus type 1, seropositive for HSV-2,
nd were neither experiencing symptomatic HSV infec-
ion nor receiving suppressive antiviral medication at the
ime of blood collection. Blood samples that were col-
ected at two time points that span a period of 5 years
ere used in this study. For subject 5101, the average

ymptomatic recurrent rate was five times per year,
hereas 5607 had no symptomatic recurrence during the

tudy period. The possibility that the subjects were
einoculated with their original infecting strain or rein-
ected with a second strain of HSV-2 during the study
eriod cannot be completely ruled out. Subject 5101 was
ngaged in a mutually monogamous relationship with a
artner who was asymptomatic during the study period.
hus, it is unlikely that exogenous reinfection of HSV-2
ccurred for subject 5101. Human leukocyte antigen
HLA) typing was performed by genotypic or serologic
ethods. Subject 5101 had the DQB1*0602 (DQ0602)

llele and subject 5607 had the DRB1*0404 (DR0404)
llele. Protocols were approved by the institutional re-
iew board, and informed consent was obtained from the

ubjects. PBMCs were cryopreserved. a
etramer Guided Epitope Mapping
detailed description of the generation of tetramers and

he tetramer guided epitope mapping (TGEM) approach
as been previously described [11]. Briefly, PBMCs from
SV-2–positive subject were stimulated with VP16 pro-

ein at 2 �g/ml (a gift from the Chiron Corporation).
ells were fed every other day and were stained with
ooled tetramers on day 12. For the generation of pooled
etramers, a panel of 60 overlapping VP16 peptides,
ermed p3 to p62, were used. These peptides were 20
mino acids in length and corresponded to the entire
redicted VP16 protein, with a 12 amino acid overlap
etween adjacent peptides. Peptides were synthesized by
imotopes (Clayton, Australia) and were dissolved in
MSO. The peptides were divided into 12 pools, each

ontaining five different overlapping peptides. Pooled
eptides were loaded onto biotinylated class II molecules
o generate phycoerythrin conjugated tetramer pools.
etramer pools that gave positive staining were identi-

ied, and single peptides from the positive pool were used
o generate single peptide tetramers. Analyses with sin-
le tetramers were carried out on day 15.

-Cell Receptor V� Usages of VP16 T Cells
panel of 20 fluorescein isothiocyanate (FITC)-

onjugated T-cell receptor (TCR) V� Abs were used to
xamine V� usages of the tetramer-positive T cells. V�
.3 and V� 6.7 antibodies were obtained from Endogen
Woburn, MA). The other V� antibodies were obtained
rom Beckman Coulter (Miami, FL). PBMCs were stim-
lated with the VP16 peptides of interest. Fourteen to
7 days later, cells were first stained with the corre-
ponding tetramers for 40 minutes at 37°C, peridinin
hlorophyll protein–conjugated CD4 Ab (Beckman
oulter, Miami, FL); FITC-conjugated V� antibodies
ere added, and the incubation was carried out at 4°C for

n additional 15 minutes. Cells were washed and ana-
yzed by BD FACSCalibur (Becton Dickinson, San Jose,
A). For flow cytometry, cells were gated on forward and

ide scatterings, and at least 20,000 gated events were
nalyzed.

equencing of the TCR V� Chain
BMCs from HSV-2–positive individuals were obtained

rom two different time points. PBMCs from subject
101 were stimulated with 10 �g/ml of the VP16 369–
79 peptide, and PBMCs from subject 5607 were stim-
lated with the VP16 443–455 (p58) peptide. On day
4, cells from subject 5101 were stained with DQ0602/
P16369–379 tetramer and anti-TCR V� (either V� 2 or
� 6.7) Abs; cells from subject 5607 were stained with
R0404/p58 tetramer and anti-TCR V� (either V� 2 or
� 5.3) Abs. Cells found to be double positive for the
nti-TCR V� Ab and the tetramer were single cell sorted
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779Persistence of HSV-2 CD4� T Cells
n a FACSVantage (Becton Dickinson, San Jose, CA).
fter two rounds of PHA (Remel, Lenexa, KS) stimula-

ion at 2 �g/ml in the presence of irradiated allogeneic
eeders and 20 U/ml IL-2 (Hemagen Diagnostic,

altham, MA), 10 to 20 T-cell clones from each param-
ter were frozen with 93% FBS and 7% DMSO for later
se. For V� typing analyses, approximately 2 � 105 T
ells were used. cDNA was isolated with the cDNA
irect From Cells RT Kit (Genechoice, Frederick, MD).
rimers specific for the TCR V� region of the clone were
sed to amplify that particular region of the TCR. For
he forward primer, they are 5=-TCATCAACCATGCA-
GCCTGACCT-3= for V� 2, 5=-AGGCCTGAGGGA-
CCGTCTC-3= for V� 6.7, and 5=-AAGTCCCACAC-
CCTGATCAAAACG-3= for V� 5.3. The sequence for

he reverse primer is the 5=-CATTCACCCACCAGCT-
AGCT-3= C� constant region primer. The amplified

ragments were gel purified with the QIAquick Gel
xtraction Kit (Qiagen, Valencia, CA) and cloned into a
A vector (Invitrogen, Gaithersburg, MD). Fragments
ere sequenced with M13 forward and reverse primers

Invitrogen, Gaithersburg, MD) and ABI sequencing
eagents (Applied Biosystem, Foster City, CA).

ESULTS
mmunodominant Epitopes of VP16 Protein
estricted by DR0404
he TGEM approach was used to compare the DR0404-

estricted CD4� T-cell responses directed against the
P16 protein from peripheral blood samples of a
R0404 HSV-2–infected subject 5607 collected 5 years

part. In the TGEM approach, overlapping peptides cor-
esponding to the entire VP16 protein were synthesized.
hese peptides were subsequently divided into 12 dif-

erent pools. Tetramers were loaded with the different
eptide pools and assembled. PBMCs from the DR0404
ubject were stimulated with the VP16 protein and
tained with the pooled tetramers 12 days later. The
ominant antigenic epitope was identified to be located
n the pool of 12-peptide mixtures for both samples
Figure 1). Tetramers were generated from individual
eptides of pool 12, and the staining was repeated with
he single-peptide-loaded tetramers. Tetramers generated
y individual peptides from pool 12 indicated that the
ajor epitope was located at VP16 443–455 (p58) of both

amples (Figure 2). The result indicated that the major
R0404 restricted epitopes of VP16 was confined to the
P16 443–455 region, and no further determinant

preading was observed during the 5-year time span.

� Usages of DR0404 VP16 Specific T Cells
he V� usages of VP16-specific T cells were assayed by
taining for DR0404/p58 tetramers in conjunction with A
panel of TCR V� antibodies. The results are illustrated
n Figures 3 and 4. Tetramer-positive T cells with V� 2
nd V� 5.3 usage were observed at both time points. For
he year 0 time point, approximately 4% of the T cells
ere tetramer positive after 14 days of expansion, and
8% and 18% of the tetramer-positive T cells used V�
and V� 5.3, respectively. For the year 5 time point,

pproximately 6% of the T cells were tetramer positive
fter expansion by in vitro peptide stimulation, and 28%
nd 14% of the tetramer-positive T cells used V� 2 and
� 5.3, respectively. Before expansion, approximately
% and 1% of the PBMCs used V� 2 and V� 5.3,
espectively, at both time points (data not shown). Thus,
here is a selective usage of V� 2 and V� 5.3 for the
etramer-positive T cells. The uses of additional TCR
�s that were unique to a specific time point were also
bserved. For example, V� 14 was being used at the year
sample, but not at the year 0 sample (Figures 3 and 4).
In order to evaluate whether T cells that were being

xpanded in the earlier time point could persist, both
R0404/p58-specific V� 2- and V� 5.3-positive T cells

t year 0 and year 5 were isolated by FACS sorting. The
ntigenic specificity of these T-cell clones was recon-
irmed by tetramer and V� staining. The CDR3 regions
f the V� chain of the clones were sequenced (Table 1).

The experiments demonstrated that T cells with iden-
ical V� CDR3 sequences were present at the two time
oints for the VP16 443–455–specific V� 5.3 T cells.
imited data from the V� 2-specific T cells precluded us
rom drawing any firm conclusions regarding whether
he V� 2 VP16 443–455 T cells persist during the
-year period. Although we have not examined the V�
equences of these clones, the data strongly suggest that

cells with identical TCR are present over the 5-year
eriod for the VP16-specific V� 5.3 T cells. As the
ercentages of VP16-specific V� 5.3 T cells are fairly
imilar (18% vs. 14%) after in vitro expansion at the two
ime points, the frequency of these T cells has not
hanged significantly over a 5-year period.

� Usages of VP16 Specific DQ0602 Restricted
Cells
SV-2 VP-16 –specific DQ0602 restricted T cells

rom a DQ0602 subject 5101 was also studied. The
P16369 –379 epitope has previously been identified as
dominant DQ0602 restricted epitope [12]. PBMCs

rom 5101 at 2 time points that were 5 years apart were
sed as starting materials. Cells were stimulated with the
P16369–379 peptide, and were examined by DQ0602/
P16369–379 tetramers and anti-TCR V� antibodies

taining 14 days later. Dominant V� usages for the
Q0602 restricted T cells as assayed by V� antibody

creening was not observed at the year 0 time point.

pproximately 14% of the tetramer-positive T cells used
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IGURE 1 Tetramer-guided epitope mapping of DR0404-restricted HSV-2 VP16 epitopes with pooled peptide tetramers.
BMCs obtained at two time points 5 years apart from subject 5607 were stimulated with 2 �g/ml of VP16 protein and analyzed
y flow cytometry on day 12. Cells were stained with phycoerythrin-conjugated DR0404 tetramer loaded with peptides from 12
eptide pools that cover the VP16 protein sequence. Adapted from figure 1 of Novak et al. [11] with permission (Copyright 2001,

he American Association of Immunologists, Inc.).
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781Persistence of HSV-2 CD4� T Cells
� 3, other tetramer-positive T cells used V� 2, 5.1,
.3, 6.7, 12, 13.1, 21.3, and 22. For the year 5 samples,
pproximately 22% of the tetramer-positive T cells use
� 2, other tetramer-positive T cells used V�1, 5.1, 6.7,
3.1, 13.6, 17, and 21.3 (Figure 5). Tetramer-positive T
ells from the V� 2 and V� 6.7 samples at the 2 different
ime points were again sorted and their antigen specific-
ty was confirmed. The CDR3 region of the TCR of these
-cell clones were examined by DNA sequencing. Al-

hough identical TCR CDR3 sequences were not ob-
erved with the V�2 T cells at the 2 different time
oints, identical CDR3 regions were observed for the
�6.7 T cells at the two time points (Table 2). It should
e pointed out that frequencies of this particular clono-
ype were very similar in the two time points examined.

ISCUSSION
he generation and maintenance of CD8 memory T cells
ave been studied in both murine models and humans.
xperiments in the murine models tend to support the
ypothesis that selection of memory T cells is stochastic,
nd the memory T-cell repertoires is a reflection of the
-cell repertoires during the primary responses [13–15].
ata in humans do not completely agree with a simple

IGURE 2 TGEM analyses with individual peptide tetr
onstituted pool 12 were individually loaded into DR0404. T
hat had been stimulated with the VP16 protein. Adapted fro
he American Association of Immunologists, Inc.).
tochastic theory in selecting memory T cells from naive T
cells, and data differ from those that were observed in
he murine model. CD8� T cells that were massively
xpanded in the primary response could still be detected

year later, but they were no longer the dominant
lonotype [16]. It was speculated that massive expansion
f the T cells led to clonal deletion of the T cells, thus
eshaping both the epitope immunodominance and
lonotype dominance of the memory repertoires [17, 18].

In contrast to the studies in CD8� T cells, studies for
he generation and maintenance of memory CD4� T
ells were very limited. Recent data indicated that CD4�

nd CD8� T-cell responses during viral and bacterial
nfection are distinct, with different kinetics in expan-
ion and contraction [19–22]. CD8� T-cell responses
an be massive, in which up to 50% of peripheral T cells
an be directed toward a class I–restricted epitope [23].
n contrast, CD4� T-cell responses are less robust [24].
ecent data indicated that CD4� T cells could only
ndergo a limited number of cell divisions compared
ith the massive proliferative response for CD8� T cells

25]. The rate of cell division for CD4� T cells is slower
ompared with CD8� T cells, whereas the threshold for
ctivation is higher [26–28]. CD4� T cells was also
ostulated to have a shorter half-life compared with
D8� T cells [20]. The different dynamic of CD4�

s. Individual peptides p58, p59, p60, p61, and p62 that
single peptide tetramers were then used to stain the PBMCs
ure 2 of Novak et al. [11] with permission (Copyright 2001,
amer
hese
m fig
-cell and CD8� T-cell responses implies different ho-
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IGURE 3 V� expression of DR0404/p58-specific T cells. PBMCs from subject 5607 were stimulated with the VP16 443–455
eptide. Fourteen days after the in vitro stimulation, cells were stained with CD4�, DR0404/p58 tetramers, and a panel of 20

ifferent anti-TCR V� antibodies. (A) Year 0. (B) Year 5. Major TCR V�s used by DR0404/p58 T cells are marked by a rectangle.
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IGURE 4 V� expression of DR0404/p58-specific T cells. Percentage of DR0404/p58 tetramer-positive T cells with a

articular V� is illustrated. Data derived from Figure 3.
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784 N.A. Danke et al.
eostatic mechanisms may be involved in dictating the
D4� and CD8� T-cell pool sizes and affects the gen-
ration and maintenance of the CD4� and CD8� mem-
ry T cells. Longitudinal study of antigen-specific CD4�

cell is difficult because of their low frequency. Recent
ata did indicate that antigen-specific CD4� T cells
ersist for decades after vaccination [29]. However, the
lonotype of these long-persistent T cells was not ad-
ressed in the study. A study in cytomegalovirus (CMV)-
nfected subjects did demonstrate the persistence of a
ominant clonotypic CD4� T cells in a 12-month period
30]. As CMV CD4� T-cell responses are robust, it is
nclear whether the persistence clonotypic CD4� re-
ponses observed in CMV can also be observed in other
iral infections.

Samples from HSV-2–infected individuals provide an
nique scenario for studying maintenance of memory T
ells in chronic infection. It has been documented that
lmost everyone with HSV-2 seropositivity does shed
irus, regardless of whether or not they have symptom-
tic recurrences. As a consequence of the periodic reac-
ivation of HSV-2 virus, the immune system is being
echallenged with viral antigens intermittently [3].
osavad et al. have used PBMC samples from HSV-2–

nfected individuals to demonstrate the persistence of
D8� CTL up to 7 years [10].
In this particular study, we examined the effect of

epeated antigen rechallenges on the CD4� memory
ools. Class II tetramers were used to monitor the CD4�

cells longitudinally from two HSV-2–infected subjects
ho have frequent symptomatic reactivations during a
-year period of time. Because primary HSV-2 infection
an be asymptomatic [4], it is unclear whether the year
samples from both subjects were obtained immediately

fter seroconversion. However, the study result did pro-
ide a glimpse of the evolution of the VP16 responses
uring the span of 5 years.

The HLA haplotype of the first subject is DR0404,
nd the p58 epitope (VP16 443–455) of the VP16
rotein was identified as the dominant epitope at both
ime points.

Examine of V� usages of the DR0404/p58 T cells

ABLE 1 Sequence of CDR3 regions of V� chain of c

V� CDR3

ear 0
2 ICS VRRGLPDVQLSPL
2 ICS KKVGGGVDTQ
5.3 CAS SSYQENNSPL

ear 5
2 ICS PRGPGNTI
5.3 CAS SSYQENNSPL
emonstrate that these T cells mainly use V� 2 and T
�5.3 of the TCR V� gene at the year 0 time point, and
� 2 , V�5.3, and V�14 at the year 5 time point. Thus,
ajor change in the V� usages of the immunodominant

pitope was not observed over this period. The bias of
CR V� usages used may represent a bias of the peptide

n selecting certain V� alleles. In addition, the bias can
lso represent the oligoclonal expansion of DR0404/p58-
pecific T cells, which are being preserved throughout
hat period. In order to examine the clonality of these T
ells, the V�2 and V�5.3 T cells were sorted and ex-
anded. These T cells were again stained with the
R0404/p58 tetramer to confirm the specificity. The
DR3 region of these T-cell clones was sequenced. Al-

hough only a limited numbers of T-cell clones were
eing sequenced, identical CDR3 sequences were ob-
ained from the V�5.3 T cells at both time points.

The VP16-specific T-cell responses of a DQ0602 sub-
ect was also examined. No dominant V� usages for the
Q0602 restricted VP16-specific T cells was observed

s assayed by TCR V� antibody staining of tetramer-
ositive T cells. It is possible that the dominant V�
ould not be detected by the panel of V� antibodies
sed in the experiment. Nevertheless V�2 and V�6.7
ositive DQ0602/VP16369–379 tetramer-positive T cells
ere observed at both time points. These T cells were

gain sorted and the TCR CDR3 region of these T-cell
lones were sequenced. Identical CDR3 sequences were
bserved for the V�6.7 TCR from both the year 0 and
ear 5 time point. Although we have only sequenced the
� chain of the VP16-specific TCR from both subjects,

nd really cannot exclude the possibility that T cells of
dentical V� chain paired with different V� chain; how-
ver, the chance of the later is remote. With the assump-
ion that these are T cells of the same origin, it is
emarkable that T cells at time points that are 5 years
part can be of the same clonotype amidst repeated viral
ctivations. T cells of a particular clonotype were present
t similar frequency at both time points.

The results suggested HSV-2 memory T cells are
apable of continual renewal amidst multiple episodes of
iral activation. There are a number of possibilities that
ay account for the long-term persistence of these CD4�

s for subject 5607

J� Frequency

HFG 1.6 6
YFG 2.3 1
HFG 1.6 6

YFG 1.3 1
HFG 1.6 5
lone
cells. HSV-2 memory T cells may be distributed in
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IGURE 5 V� expression of DQ0602/VP16369–389-specific T cells. PBMC T cells from subject 5101 were stimulated with the
P16 369–389 peptide. Fourteen days after in vitro stimulation, cells were stained with CD4�, DR0404/VP16 tetramers,
369–389

nd a panel of 20 different V� antibodies. Percentage of tetramer-positive T cells with a specific V� is illustrated.
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786 N.A. Danke et al.
arious lymphoid organs and lymph nodes throughout
he body. Although exposure of memory T cells close to
he site of HSV-2 infection might convert these proximal
ells to effectors, reactivation of the virus may not acti-
ate all the memory T cells in distal lymphoid tissues.
hus, CD4� memory T cells at distal sites could main-

ain the capacity for self-renewal, and continue to pro-
ide a source of T cells for immune surveillance. In an
lternate explanation, it is possible that memory T cells
an convert or give rise to both effector and memory T
ells upon antigenic stimulation, thus allowing the per-
etuation of the memory T-cell pool. The generation of
dditional CD4� memory T cells from memory T cells
pon antigenic encounter can be related to the small
urst size of the CD4� T-cell expansion. For HSV-2
nfection, the frequency of T cells in PBMCs that di-
ected against the entire spectrum of viral proteins dur-
ng chronic infection is �0.2%–0.5% of the total T-cell
opulation [5]. The magnitude of the initial burst re-
ponse to primary HSV has not been reported in humans.

smaller burst size for HSV-2 may limit deletions of T
ells after expansion, allowing T cells to evolve into
emory T cells.
Cameron et al. used class II tetramer analyses to dem-

nstrate that memory repertoires specific for influenza
ntigens were much broader [31]. This different obser-
ation as compared with the current results may be a
eflection of the different viruses being used. Influenza
iruses cause acute inflection, and the viruses are com-
letely clear after the infection. In contrast, HSV-2 is a
hronic infection with frequent viral reactivation. The
bservation that HSV-2–specific T cells are oligoclonal
ndicated that viral reactivation could shape the memory
epertoires specific for HSV-2 antigens.

In summary, the studies suggested that HSV-2–spe-

ABLE 2 Sequence of CDR3 regions of V� chain of c

V� CDR3

ear 0
2 ICS ASGTSGGAPLPTDTQ
2 ICS ARGVPSNQPQ
6.7 CAS SLVISGAKNIQ
6.7 CAS SLGLAGGLGEQ
6.7 CAS SLRARSPL
6.7 CAS SLEGSRNTEA

ear 5
2 ICS AREVYSNQPQ
2 ICS ARAHRSRVNTEA
2 ICS ARDSGLGSSGANVL
2 ICS ARDRGNTGEL
2 ICS ARRGIAAPFFNEQ
2 ICS AGRALEETQ
6.7 CAS SLVISGAKNIQ
ific CD4� T cells of specific clonotypes were main-
ained during the course of HSV-2 infection. Repetitive
hallenge of the CD4� T cells with antigens during viral
eactivation could also narrow the TCR V� repertoire of
he VP16-specific T cells, leading to the oligoclonal
xpansion of specific clonotypes. Further longitudinal
nalyses of CD8� T and CD4� cells in the HSV-2
ystem and other viral infections in human are needed to
lucidate the evolution of memory T cells from primary
nd naive T cells.
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