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The immune response to cutaneous herpes simplex virus type 1 (HSV-1) infection begins with remarkable
rapidity. Activation of specific cytotoxic T lymphocytes (CTL) begins within hours of infection, even though the
response within the draining lymph nodes peaks nearly 5 days later. HSV gene products are classified into
three main groups, «, 3, and vy, based on their kinetics and requirements for expression. In C57BL/6 mice, the
immunodominant epitope from HSV is derived from glycoprotein B (gB o5 505). While gB is considered a y or
“late” gene product, previous reports have indicated that some level of gene expression may occur soon after
infection. Using brefeldin A as a specific inhibitor of viral antigen presentation to major histocompatibility
complex class I-restricted CTL, we have formally addressed the timing of gB peptide expression in an
immunologically relevant manner following infection. Presentation of gB peptide detected by T-cell activation
was first observed within 2 h of infection. Comparison with another viral epitope expressed early during
infection, HSV-1 ribonucleotide reductase, demonstrated that gB is presented with the same kinetics as this
classical early-gene product. Moreover, this rapidity of gB expression was further illustrated via rapid priming
of naive transgenic CD8* T cells in vivo after HSV-1 infection of mice. These results establish that gB is

expressed rapidly following HSV-1 infection, at levels capable of effectively stimulating CD8* T cells.

Herpes simplex virus type 1 (HSV-1) is a linear double-
stranded DNA virus that infects epidermal or mucosal tissues
while also entering local sensory neurons and establishing a
latent infection. The HSV lytic cycle lasts approximately 18 h
(18). Initial infection by HSV involves a complex pattern of
viral gene expression with three classes of polypeptides synthe-
sized in a sequential coordinately regulated manner (20).
These classes include the immediate-early («) proteins, which
regulate viral gene expression during the lytic phase; the early
(B) polypeptides, which are involved in viral DNA replication;
and the late (y) gene products, which encode structural pep-
tides such as glycoprotein B (gB), gC, and gD, which have been
implicated as important targets in adaptive immunity to HSV
infection (40).

Cutaneous footpad infection of C57BL/6 mice with HSV-1
elicits an H-2K’-restricted cytotoxic T-lymphocyte (CTL) re-
sponse that is directed almost entirely to an immunodominant
epitope from gB (gB4os s05)- This seems at odds with the gen-
eral notion that in viruses with regulated gene expression, T
cells are directed to earlier gene products (10). However, in
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HSV, the y genes are divided into two groups (y,; and v,)
depending on their timing of expression. Experiments using
DNA synthesis blockers have determined a requirement for
DNA synthesis for gC expression, but low-level production of
gB and gD occurs in the presence of such blockers (33, 35).
Indeed, gB and gD (v,, termed “leaky-late” gene products)
mirror the 3 polypeptides until DNA replication has com-
menced, when expression is dramatically increased (33). More-
over, it is clear from various reports that at least some expres-
sion of gB mRNA and polypeptide can be detected
biochemically within 3 h of infection with HSV-1 in vitro (34,
36, 41), although it does not appear on the surface of infected
cells as intact antibody-detectable protein until around 6 h
after infection (50).

It is not clear from these reports, however, whether any such
early low-level expression of gB is immunologically relevant.
Given that we have found CTL priming within hours of infec-
tion (29), we sought to formally address the timing of T-cell-
detectable gB peptide expression following HSV-1 infection.
In this study, we found significant direct presentation of the
major histocompatibility complex (MHC) class I-restricted
gBos 505 determinant within 2 h of infection and also found
that this presentation requires de novo antigen synthesis. Our
results demonstrate that gB is synthesized with rapid kinetics
following HSV-1 infection, at levels sufficient for direct T-cell
activation and generation of an effector CTL population.

MATERIALS AND METHODS
Mice. C57BL/6 and the gB-specific, T-cell receptor (TCR) transgenic MHC
class I-restricted gBT-I (gBT-1.1) mice were obtained from the Department of
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Microbiology and Immunology, University of Melbourne, animal house and kept
under specific-pathogen-free conditions. The gBT-I transgenic mice express a
Va2/VB8.1" TCR from a CTL clone (HSV-2.3) (21) that recognizes the HSV-1
2Bo5_s0s determinant complexed with H-2K?. The generation and characteriza-
tion of these mice are described in detail elsewhere (29).

Viruses, peptides, and cell lines. The KOS strain of HSV-1 was propagated
and subjected to titer determination using Vero cells grown in minimal essential
medium (MEM) plus 10% fetal calf serum (FCS) (MEM-10). Briefly, Vero cells
were infected at a multiplicity of infection of 1/300 for 3 days before sonication
of the cells and supernatant and centrifugation to remove the cell debris. UV-
inactivated KOS (UV-KOS) was generated by placing virus in a 30-mm petri dish
10 cm from a UV light source for 30 min. Both before and after UV treatment,
a sample of virus was taken and subjected to titer determination by a PFU assay
on Vero cells to confirm inactivation. The KOS-derived gB deletion mutant
KA318 and KASC viruses were propagated and subjected to titer determination
using the gB-producing D6 - Vero cell line, which complements the gene inacti-
vation (14). The KA5C mutant lacks amino acids 43 to 595 of gB, which encom-
passes the gB,o5 505 epitope, while the KA318 deletion lacks only amino acids
616 to 711 and retains the ability to synthesize the determinant (44). The WSN/
NA/OVA (7) and WSN/NA/gB (4) recombinant influenza viruses expressing the
ovalbumin OVA,s; 4 Or gB4og_s05 €pitopes, respectively, in the neuraminidase
(NA) stalk were propagated on Madin-Darby canine kidney (MDCK) cells in
MEM containing 4% bovine serum albumin and 1 pg of tolylsulfonyl phenylala-
nyl chloromethyl ketone (TPCK)-treated trypsin per ml (Worthington Biochemi-
cals, Lakewood, N.J.). Viral titers were obtained by an assay of plaque formation
on monolayers of MDCK cells (42). The H-2K’-restricted HSV-1 gBog_s0s
(SSIEFARL) (5, 17), the H-2K"-restricted HSV-1 ribonucleotide reductase pep-
tide RRg», 520 (QTFDFGRL) (37), and the H-2D"-restricted influenza A virus
nucleoprotein (NP) peptide NPs46 374 (ASNENMETM) (43) were obtained
from Auspep (Parkville, Australia). Primary mouse embryonic fibroblasts
(PMEFs) were produced from embryonic C57BL/6 mice and maintained in
Dulbecco MEM plus 10% FCS. C57BL/6 spleen-derived dendritic cells (DC)
were grown in vitro in our laboratory from spleen precursors in NIH 3T3
supernatant and granulocyte-macrophage colony-stimulating factor, as described
previously (46).

Adoptive Transfers, Virus Infections and Peptide Immunizations. Lymph
node cells obtained from naive gBT-I mice containing approximately 10° CD8"
T cells as determined by flow cytometry were transferred into C57BL/6 mice. At
24 h later, the mice were injected intravenously with 5 X 10* PFU of HSV-1
KOS, KA318, or KA5C or with an equal volume of UV-KOS in phosphate-
buffered saline. For peptide injection, mice were immunized intravenously with
1 pg of SSIEFARL (gB,05_s05) peptide in phosphate-buffered saline. The spleens
were removed, and single-cell suspensions were produced and counted by trypan
blue exclusion prior to antibody staining for fluorescence-activated cell sorter
(FACS) analysis.

Monoclonal antibodies. Single-cell suspensions prepared from the spleen were
stained with anti-CD8a-APC (53-6.7) and anti-CD69-PE (H1.2F3) obtained
from PharMingen (San Diego, Calif.). Dead cells were excluded by using pro-
pidium iodide, and live events were collected on a Becton Dickinson FACSort
apparatus.

Kinetic intracellular IFN-y assays. The kinetic intracellular gamma interferon
(IFN-vy) assays were based on methods described previously (8). Antigen-expe-
rienced memory CD8" T cells for the in vitro intracellular IFN-y assays were
generated from gBT-I splenocytes by coculturing with equal numbers of
2B.0s 505 peptide-pulsed C57BL/6 splenocytes (pulsed at 1 pg/ml for 45 min at
37°C) in the presence of 25 U of interleukin-2 per ml for 8 to 10 days. Polyclonal
NP—, gB—, or RR-specific memory T cells were generated from splenocytes
from mice primed with 5 X 10* PFU of WSN/NA/gB (for anti-NP) or HSV-1 (for
anti-gB and anti-RR specificity) 7 to 9 days previously. These splenocytes were
cocultured for 8 to 10 days in the presence of 25 U of interleukin-2 (IL-2) per ml
with irradiated C57BL/6 splenocytes pulsed with the NP4 374 (43), RRgzs 829
(37) or gByos _sos (5, 17) peptide, respectively, at 1 pg/ml. A total of 10° antigen-
presenting cells (APC) (PMEFs or DC) were added to round-bottom 96-well
tissue culture plates and infected with a relevant virus (HSV-1 KOS, UV-KOS,
KA318, KA5C, WSN/NA/gB, or WSN/NA/OVA) at a multiplicity of infection of
5 for 10 min. A total of 10° T cells (gBT, NP, RR, or gB specific) were added to
each well in 200 pl of RPMI 1640 plus 10% FCS, including no-virus control wells,
along with 10° C57BL/6 splenocytes to minimize nonspecific activation of the T
cells. Brefeldin A (BFA), diluted in phosphate-buffered saline, was added to
different wells at various intervals (0, 30, 60, 90, 120, 150, 180, 240, and 360 min)
to a final concentration of 5 pg/ml. The culture was allowed to continue for 2 h
after the final addition of BFA to permit IFN-y accumulation. The cells were
then washed twice before being stained with anti-CD8«-APC in the plate for 30
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min on ice. Excess antibody was washed off before the cells were fixed with 1%
paraformaldehyde in phosphate-buffered saline at room temperature for 20 min.
Following two more washes, the cells were stained for 45 to 60 min on ice with
anti-IFN-y—phycoerythrin (Pharmingen) diluted in 0.2% saponin (Calbiochem).
Each well was then harvested into tubes for analysis by flow cytometry on a
Becton Dickinson FACSort apparatus.

RESULTS

Kinetics of presentation of gB following infection with
HSV-1. To assess the kinetics of gB,q5_so5-K® appearing on the
surface of virus infected cells, MHC egress from the endoplas-
mic reticulum (ER) to the cell surface was blocked by the
addition of BFA at increasing intervals after infection (31, 49).
BFA causes collapse of the Golgi network within 15 min of
addition (15), as such, any surface MHC-peptide complexes
must have formed and passed beyond the Golgi before the
time of drug addition for cell surface expression to occur. In
our assay, the surface-expressed gB o5 505 Was detected by add-
ing antigen-experienced, or memory, gB-specific T cells de-
rived from T-cell receptor (TCR) transgenic mice and measur-
ing the appearance of intracellular IFN-y. Since memory or
effector-memory T cells express IFN-y swiftly on restimulation
(2, 24, 53), they enable the rapid and sensitive detection of
antigen presentation in our system.

The kinetics of antigen presentation following in vitro infec-
tion with HSV-1 KOS is shown in Fig. 1. The first complexes of
gB.os s0s-K® had progressed beyond the “Golgi gate” between
90 and 120 min after infection with HSV-1. Since addition of
BFA before this time completely blocked detectable surface
expression of gB-K® complexes in the infected cells, gB protein
expression must have occurred prior to this, given that it takes
about 20 min for K® to be synthesized, loaded, and ready to
leave the ER (13). A four to fivefold increase in IFN-y™* cells
was observed within a further 2 to 4 h of first detection (Fig. 1),
representing increased production of peptide-MHC complexes
to near maximum levels (see below).

While it is understood that different peptides can be pro-
cessed from the same protein with markedly different efficien-
cies (1, 39), it is highly likely that cells may also differ consid-
erably in the kinetics and efficiency of peptide processing and
presentation. To determine whether differences in the kinetics
of gB.os_s0s presentation occur between cell types, we com-
pared presentation by PMEFs which would mimic targets of
effector T cells and an immature DC line (46). Both these cells
are primary cultured lines. The stimulation of CD8" T cells
was identical following infection of DCs and of PMEFs. Max-
imal levels of T-cell activation of about 40% of total T cells in
the assay, as shown in Fig. 2B, were reached within 4 h of
infection of both cell lines. Together, these results indicate that
gB is expressed at levels capable of activating T cells no later
than 2 h following infection and that presentation reaches
maximal levels around 1 to 2 h later.

HSV-1 gB is presented with kinetics similar to early-gene
products. The above data suggest that presentation of gB is
occurring with kinetics consistent with early-gene expression.
To more clearly illustrate the rapidity of gB presentation dur-
ing HSV-1 infection, we compared its expression with that of
an H-2K’-restricted epitope from the large subunit of HSV-1
ribonucleotide reductase (RRg,5 g59) (37). RR (ICP6) is an
early (B)-gene product expressed at a significant level prior to
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FIG. 1. HSV-1 gBgs 505 is expressed and presented to CD8" T
cells within 2 h of infection in vitro. CD8* T cells from gBT-I mice
were cultured with HSV-1 infected PMEFs, and BFA was added at
intervals. The cells were then stained with anti-CD8-APC and anti-
IFN-y—phycoerythrin antibodies for FACS analysis. Numbers in the
top left of each plot represent BFA addition time (in minutes); NA,
no-virus control. Numbers in the top right within the gated regions
represent the percentage of IFN-y* CD8"* T cells. Results of one
representative experiment of six are shown.

DNA synthesis. The kinetics of RRg,,_g,o presentation was not
significantly faster than that of gB4og 505 (Fig. 3). This formally
demonstrates that immunologically detectable presentation of
gB,os 505 Occurs with early-antigen kinetics following HSV-1
infection in vitro.

We next wanted to compare presentation of the natural gB
determinant with other forms of presentation of rapidly in-
duced viral antigens. To this end, we made use of recombinant
influenza viruses expressing either the gB,og 505 €pitope or an
irrelevant K"-restricted peptide from ovalbumin (OVA,s; s,)
in the NA stalk (4, 7). Since influenza virus gene expression is
not sequentially regulated, synthesis of all antigens should be-
gin at the start of infection and presentation of gB,¢g_s0s and
the endogenous nucleoprotein epitope (NP546_374) Would be
expected to occur concurrently. As shown in Fig. 3, presenta-
tion of the nucleoprotein epitope occurred with similar kinetics
to that of gB, reinforcing the notion that gB,4s 505 presentation
occurs very soon after infection. Notably, presentation of the
gB determinant from the recombinant influenza virus was de-
layed compared to the presentation after infection with
HSV-1. This may reflect inefficient expression or peptide gen-
eration from the recombinant NA protein.

As expected, no activation of gBT- or RR-specific T cells was
seen following infection of APCs with the OVA-expressing
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FIG. 2. Professional and nonprofessional APCs present gB,og 505
with the same kinetics after infection with HSV-1. (A) The assay was
performed as described in the legend to Fig. 1, with either spleen-
derived DCs or PMEFs as APCs in combination with gBT T cells.
(B) To determine the maximal possible levels of IFN-y production by
the readout gBT-1 T cells, PMEFs were pulsed with serial dilutions of
gB,os 505 peptide and BFA was added after 2 h of culture. CD8" T
cells were subjected to FACS analysis for IFN-y production. Results of
one representative experiment of three are shown.

recombinant virus (WSN/NA/OVA). However, the RR-spe-
cific T cells were stimulated to produce IFN-y 3 to 4 h after
WSN/NA/gB infection. Since we used a short-term polyclonal
T-cell line specific for the subdominant RR determinant de-
rived from HSV-1-immune mice, it is likely that a small cohort
of the more dominant gB-specific T cells were present within
the cultures and stimulated to produce IFN-y. Since both the
NP- and RR-specific T cells were generated from immune
C57BL/6 mice rather than transgenic mice, we also examined
presentation using polyclonal gB-specific cells generated in the
same manner. These demonstrated activation kinetics identical
to that for the transgenic gBT T cells following infection with
HSV-1 KOS or either of the influenza virus recombinants (Fig.
3). Overall, these data support the contention that the gB
determinant is presented in a class I-restricted manner very
shortly after HSV-1 infection, with kinetics equivalent to those
for an early-gene product.

De novo synthesis of viral peptide is required for in vitro
presentation of gB,o5 505 to CD8* T cells. The rapidity of gB
expression in vitro raised the possibility that antigen was pro-
cessed directly from the introduced virions rather than that
synthesized de novo following infection. To assess this, we
measured IFN-vy expression following infection with UV-inac-
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FIG. 3. gB is presented with the kinetics of an early-gene product.
PMEFs were infected with HSV-1 KOS or either of the recombinant
viruses WSN/NA/gB or WSN/NA/OVA and incubated with gBT-spe-
cific, gB-specific (gB,os s05), NP-specific (NP346 374) or RR-specific
(RRgs5 g20) T cells prior to addition of BFA at increasing intervals.
IFN-vy production was determined by flow cytometric analysis of gated
CD8" T cells. NA, no virus. Results of one representative experiment
of four are shown.

tivated KOS (UV-KOS) (Fig. 4A). The inactivation of repli-
cating input virus to less than <10' PFU/ml resulted in total
abrogation of IFN-y production. To further demonstrate the
requirement for de novo synthesis of gB, we used two mutant
strains of HSV-1 KOS (KA318 and KA5C) that express defec-
tive forms of the gB protein (14). Both mutants are grown and
packaged in vitro in the presence of the wild-type gB protein,
but they each express distinct truncated forms of gB, with only
KA318 capable of synthesizing the gB,os 505 €pitope. Follow-
ing infection with KA318 and KASC, it was clear that in the
absence of gB,yg 505 synthesis, there was no stimulation of
gB-specific CTL (Fig. 4B). Thus, the swift presentation of gB
following in vitro infection most probably requires de novo
synthesis of viral gene products.

Direct presentation of gB induces rapid T-cell priming in
vivo following HSV-1 infection. It is clear from the above data
that gB is expressed rapidly on in vitro infection and is pre-
sented in a form capable of stimulating memory T cells to
produce IFN-y. We next sought to examine the relationship
between gB expression and naive CD8* T-cell priming in vivo
following infection with HSV-1. To this end, CD8" T cells
from naive transgenic mice were analyzed for expression of the
early activation marker CD69 after adoptive transfer into the
C57BL/6 host and intravenous virus inoculation. This marker is
expressed soon after TCR engagement (51). To ascertain the
delay between activation and CD69 upregulation, mice were
immunized intravenously with 1 pg of gB,os 505 peptide, elim-
inating any delays caused by the synthesis and presentation of
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FIG. 4. De novo synthesis of viral proteins is required for in vitro
antigen presentation. These experiments were set up as described in
the legend to Fig. 1; however, PMEFs were infected with either HSV-1
or UV-inactivated HSV-1 (A) or the recombinant HSV-1 strains
KA318 or KASC (B). BFA was added to the cultures at various inter-
vals following infection, before flow cytometric analysis of CD8" T
cells for IFN-y production. NA, no virus. Results reflect three inde-
pendent experiments.

proteins. CD69 appeared on the gBT-I CD8™" T cells between
30 and 60 min after the start of stimulation (Fig. 5i). In con-
trast, intravenous injection of HSV-1 KOS resulted in CD69
upregulation by 4 h of infection (Fig. 5ii). Given the delay of 30
to 60 min between TCR engagement and CD69 upregulation,
this suggests that activation of naive T cells probably occurs
within 3 h of initial intravenous infection. Finally, infection
with UV-KOS, KA5C, or KA318 indicated that de novo syn-
thesis of gB is also required for upregulation of the CD69
marker on the naive transgenic T cells (Fig. 5iii). Overall, these
data demonstrate that expeditious presentation of gB,gg 505 On
the surface of infected cells in vivo can potentially prime spe-
cific naive CD8" T cells.

DISCUSSION

We have used BFA as a specific inhibitor of MHC class I
transport from the ER (31, 49) to examine the kinetics of gB
presentation following HSV-1 infection. The data suggest that
gB is presented very shortly after initiation of infection, as
early as expression of the early-gene products and probably
only marginally behind the bulk of the immediate-early anti-
gens. Previous work by Yewdell, Nuchtern, and coworkers (31,
48), using BFA, demonstrated presentation of NP to CD8" T
cells within 2 to 3 h of influenza virus infection, which is
consistent with the results presented here.

The class I antigen-processing pathway is a coordinated in-
tracellular mechanism. Antigenic peptides presented on the
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FIG. 5. Rapid priming of naive T cells in vivo closely mirrors in
vitro antigen presentation kinetics. Mice adoptively transferred with
naive gBT-1 T cells were sacrificed after intravenous immunization
with gB,os 505 peptide (i), HSV-1 KOS (ii), or either of KA318, KASC,
or UV-inactivated KOS (iii), and CD8" T cells were analyzed for the
expression of CD69 at 15 to 60 min (i), 1 to 4 h (ii), or 6 h (iii) after
immunization. Similar results were obtained in three additional exper-
iments.

cell surface in the context of MHC class I are usually derived
from proteins degraded in the cytosol. These peptides are
transported to the ER by transporters associated with antigen
processing, which also facilitate the binding of peptides to class
I molecules (25). Following binding, a conformational change
in the class I molecule is thought to induce the release and
transport of the stable complex via the Golgi apparatus to the
cell surface (52). The efficiency of antigen presentation ap-
pears to be limited by the rate of MHC egress to the cell
surface rather than by levels of cell surface expression (11).
Examination of transport rates for MHC class I indicates that
marked variation occurs between different H-2 molecules (45).
In particular, the average time for egress of K” from the ER is
approximately 20 min, while others (K, D” and L) may take
greater than 60 min (13). More specifically, the overall rate of
presentation is limited at the stages of peptide-MHC binding,
or earlier during peptide generation (28), and depends directly
on the amounts of processed peptides available (47). Together,
these intrinsic rate-limiting factors may account for the major-
ity of the 2-h delay observed from infection to presentation.
The rapid activation of gB-specific T cells so soon after
infection has some relevance in terms of the CTL priming. The
fast presentation kinetics may, in part, explain why gB can
attain such a dominant status in the overall antiviral CTL
response (44). Simply, it would not make sense for this to occur
if this protein were expressed very late in the replication cycle.
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Indeed, it has been shown with vaccinia virus, which also has a
regulated pattern of gene expression, that late-gene products
are very poor class I-restricted antigens (10). Thus, while we do
not dispute that gB levels increase at later times in the repli-
cation cycle, especially after initiation of virus DNA replica-
tion, this enhanced level of expression is not necessary for
optimal presentation of this antigen to T cells.

In addition to the priming event, these data provide some
insight into antigen presentation during the different phases of
HSV infection. Of particular interest is the possibility that gB
could be an effective target as HSV emerges from latent in-
fection. There have been reports suggesting that CD8" T cells
are important in maintaining latency (26). At that time, it was
proposed that the target of these T cells would be immediate-
early gene products, and these antigens were detected during
latent infection, although more recent work has found that
most CD8" T cells in the latently infected ganglion are gB
specific (R. L. Hendricks, personal communication). There is
also some suggestion of continuous reactivation of virus (16),
which further emphasizes that lytic antigens may form appro-
priate targets of latency-maintaining T cells. Since gB can be
expressed fairly early during lytic replication, it is a target
worthy of consideration in this process, especially in experi-
ments involving the C57BL/6 strain of mouse, where this an-
tigen forms the dominant T-cell target (44). Although one
could argue that there is a gradual change in specificity as the
acute primary infection phase subsides, latency begins within
days of infection of the sensory ganglia innervating the site of
inoculation (9), at a time when gB-specific T-cell numbers are
still at their peak. Moreover, the gB specificity appears to
dominate the memory pool specific for HSV in convalescent
animals (32), which further emphasizes that gB could well be
an important target through all phases of infection with this
virus.

Finally, these results provide some insight into the course of
infection necessary to initiate T-cell responses following mu-
cosal or cutaneous infections. It is expected that resident Lang-
erhans’ cells within these tissues migrate via afferent lymphat-
ics to the draining lymph nodes, where they initiate the
antigen-specific immune responses (3, 12, 22). These migrating
APCs would have to take up exogenous viral antigen from
infected cells and “cross-present” this to CD8" T cells in sec-
ondary lymphoid organs (6, 19, 23, 38) or themselves be in-
fected with HSV-1 for direct presentation of viral antigens to
CTL. Alternatively, virus could simply drain to the lymph
nodes immediately after infection where they could infect
APCs, resulting in direct presentation of the gB determinant.
Here we have shown that direct presentation occurs within a
few hours of intravenous infection and at least 2 to 3 h earlier
than we have found following cutaneous infection (30). While
this delay may reflect a delay in the movement of virus to the
lymph nodes, we think it simply reflects the time taken for DC
migration coupled with the transfer of antigen from infected
epithelium. Earlier studies on contact sensitization showed
that skin-derived DCs reach draining lymph nodes within 30
min of application of the irritant (27), which fits readily within
the time frame of the lag between infection and the presenta-
tion seen in draining lymph nodes (30).

In summary, we have addressed the kinetics of gB expression
following HSV-1 infection both in vitro and in vivo. Via T-cell
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stimulation, we show that gB is presented on the surface of
infected cells with the kinetics of an early-gene product. More-
over, we demonstrate rapid antigen presentation that is linked
to immunologically relevant, functional priming of specific
CD8™" T cells in vivo. This may have important implications for
understanding the mechanisms underlying the CD8" T-cell-
mediated control of viral replication during both acute and
latent phases of infection.
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