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Herpes simplex virus (HSV) infects dendritic cells (DC) efficiently but with minimal replication. HSV,
therefore, appears to have evolved the ability to enter DC even though they are nonpermissive for virus growth.
This provides a potential utility for HSV in delivering genes to DC for vaccination purposes and also suggests
that the life cycle of HSV usually includes the infection of DC. However, DC infected with HSV usually lose the
ability to become activated following infection (M. Salio, M. Cella, M. Suter, and A. Lanzavecchia, Eur.
J. Immunol. 29:3245-3253, 1999; M. Kruse, O. Rosorius, F. Kratzer, G. Stelz, C. Kuhnt, G. Schuler, J. Hauber,
and A. Steinkasserer, J. Virol. 74:7127-7136, 2000). We report that for DC to retain the ability to become
activated following HSV infection, the virion host shutoff protein (vhs) must be deleted. vhs usually functions
to destabilize mRNA in favor of the production of HSV proteins in permissive cells. We have found that it also
plays a key role in the inactivation of DC and is therefore likely to be important for immune evasion by the
virus. Here, vhs would be anticipated to prevent DC activation in the early stages of infection of an individual
with HSV, reducing the induction of cellular immune responses and thus preventing virus clearance during
repeated cycles of virus latency and reactivation. Based on this information, replication-incompetent HSV
vectors with vhs deleted which allow activation of DC and the induction of specific T-cell responses to delivered
antigens have been constructed. These responses are greater than if DC are loaded with antigen by incubation

with recombinant protein.

Herpes simplex virus (HSV) infects and enters a latent state
in sensory neurons from which it can intermittently reactivate,
resulting in symptoms of either cold sores (HSV type 1 [HSV-
1]) or genital herpes (HSV-2) (reviewed in reference 28). This
follows an initial peripheral infection in the skin or mucosa,
where initial interaction with host defenses might be antici-
pated to occur. HSV, as well as infecting neurons, has also on
a number of occasions been shown to infect dendritic cells
(DC) at high efficiency (5, 15, 22, 30). This has suggested that
HSV (i) naturally infects DC as part of its life cycle and (ii)
might be used as an effective vector to deliver genes to DC. DC
are the body’s most potent antigen-presenting cells (2) and as
such have attracted considerable interest for the development
of antitumor and other vaccines following the “loading” of DC
with tumor-specific antigens by various means (6, 16, 18, 20, 25,
26, 43). The development of efficient and nontoxic vectors for
DC is therefore likely to improve the chances of DC-based
immunotherapy for cancer or other diseases entering routine
clinical use.

While it appears likely that HSV infects DC as part of its
natural life cycle (5, 15, 22, 30), suggesting its use as a vector
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for these cells, it has also become apparent that HSV-infected
DC are significantly functionally compromised by the infection
process (15, 30). Thus, DC infected with HSV fail to become
activated, down-regulate a number of surface markers, and fail
to produce a number of cytokines in response to activation
stimuli, such that their T-cell-activating capabilities are mini-
mal (15, 30). HSV infection of DC would be expected to occur
early in the infection process (i.e., following infection at the
skin or mucosa, sites rich in DC). This early interaction might
therefore reduce cellular immune responses which could oth-
erwise prevent the virus entering latency or clear the virus
during episodes of reactivation. It is thus likely that the highly
efficient infection of DC possible with HSV is a result of an
HSV immune avoidance mechanism which serves to minimize
cellular immune responses to the virus.

While some of the effects of HSV resulting in DC inactiva-
tion have been noted previously (15, 30), the means by which
HSV inactivates DC has not been identified. A number of HSV
genes which are associated with immune system avoidance by
the virus have been identified, including ICP47, which blocks
antigen processing via inhibition of the transporter associated
with antigen presentation (TAP) (10); glycoprotein C, which
blocks complement activation (7); and gE/gI, which binds im-
munoglobulin G (13). However, none of these has been shown
to be responsible for the prevention of activation of DC by
HSV.

The work reported here identifies the HSV virion host shut-
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FIG. 1. Viruses used in this study. In each case, the indicated genes have been deleted or inactivated. Further details are given in Materials and

Methods.

off protein (vhs) as playing a key role in the DC inactivation
process. While vhs has been reported to have effects on the
immune response to HSV (see Discussion), previous work has
not identified vhs as being important for inactivating DC. In-
deed, in the context of a replication-incompetent vector, which
inactivates DC as effectively as wild-type virus, the further
removal of vhs abrogates all the effects on surface marker
expression and cytokine production otherwise seen. These
marked effects of vhs deletion in DC are in contrast to effects
in other cells, where the contribution of vhs to vector toxicity is
minimal (14). Such vectors also allow the stimulation of sig-
nificant antigen-specific in vitro T-cell responses, which has not
previously been possible with HSV (15, 30).

MATERIALS AND METHODS

Viruses. The majority of the viruses used in this study have been described
elsewhere, and they are schematically represented in Fig. 1. All of the viruses are
based on HSV-1 strain 17+ (GenBank file helcg). Strain 17+/pR20.5/43 (38)
contains a green fluorescent protein (GFP) and lacZ marker gene cassette
inserted into the nonessential UL43 gene. Strains 17+ and 17+/pR20.5/43 were
produced on BHK cells for this study. The other viruses are disabled so that they
are replication incompetent and give only minimal HSV gene expression in

noncomplementing cells (19), and they were grown on 27/12/M:4 cells, which
complement the deficiencies in the viruses (39). Strain 1764/27—/4—/w has
ICP34.5, ICP27, and ICP4 deleted and has an inactivating mutation in VP16 (1).
Strain 1764/27—/4—/pR20.5/vhs also has vhs deleted (19). Virus strain 1764/27—/
4—/vhs—/w was constructed by removal of the pR20.5 cassette from 1764/27—/
4—/pR20.5/vhs using the plasmid pAvhs, which completely removes the UL41
gene encoding vhs (nucleotides 91,168 to 92,642 were removed). Virus strain
1764/27—/4—/pR20.5/vhs/HbsAg contains the gene encoding hepatitis B virus
surface antigen (HbsAg), excised from plasmid pHBV130 (9) with Xhol and Nsil,
replacing the lacZ gene (excised with Xbal and EcoRI) in virus strain 1764/27—/
4—/pR20.5/vhs constructed by standard techniques.

DC preparation. DC were prepared from peripheral blood as previously de-
scribed (23, 29). Briefly, peripheral blood mononuclear cells were prepared from
60 ml of donor blood (including hepatitis B virus-vaccinated and unvaccinated
individuals) using lymphoprep (Nycomed). After the removal of red cells, non-
adherent cells were removed and collected for subsequent T-cell isolation. Ad-
herent cells were cultured in RPMI medium supplemented with granulocyte-
macrophage colony-stimulating factor (0.1 wg/ml) and interleukin 4 (IL-4) (0.05
pg/ml) and incubated for 7 days at 37°C and 5% CO,. After further lymphoprep
purification, the cells were magnetically depleted (Dynal) using anti-CD19 (Har-
lan), anti-CD2 (Harlan), and anti-CD3 (Harlan) antibodies, and the DC were
resuspended in complete RPMI medium for immediate use.

Isolation of CD4* T cells. Briefly, T and B cells were frozen at —80°C after
isolation as described above. On day 8, the cells were defrosted and washed, and
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the T cells were magnetically isolated (Dynal) using anti-CD19, anti-CD14 (Se-
rotec), and anti-HLA-DR (Serotec) monoclonal antibodies.

Infection of DC. DC (5 X 10°) were pelleted at 1,400 rpm for 5 min at room
temperature. The DC were then infected at a multiplicity of infection (MOT) of
1, unless otherwise stated, by resuspension in 200 .l of RPMI medium containing
5 X 10° PFU of virus for 1 h at 37°C and 5% CO,. One milliliter of RPMI
supplemented with granulocyte-macrophage colony-stimulating factor (0.1 wg/
ml; Insight) and TL-4 (0.05 wg/ml; Insight) was then added, and the DC were
incubated at 37°C and 5% CO,. For lipopolysaccharide (LPS) stimulation, RPMI
also containing 100 ng of LPS (Sigma)/ml was added to the DC at the time of
infection.

Trypan blue exclusion assay. Ten microliters of DC suspension infected as
described above was diluted in an equal volume of 0.04% trypan blue and
observed immediately. White (live) cells and blue (dead) cells were then counted.
The results presented are from experiments conducted three times with sample
aliquots counted four times per sample.

Fluorescence-activated cell sorter (FACS) analysis. DC were labeled with
phycoerythrin-conjugated anti-immunoglobulin G1 (Serotec), CD40 (Insight),
CD80 (Pharmingen), CD83 (Serotec), and CD86 (Serotec) by standard methods
24 h after mock infection or infection with various viruses (see Fig. 3), and the
labeled cells were analyzed using a FACSCAN (Becton Dickinson, Mountain
View, Calif.) and WinMDI software. HSV infection levels were measured using
a polyclonal anti-HSV antibody (Dako).

Cytokine analysis. IL-6 and tumor necrosis factor alpha levels were measured
in DC culture supernatants using commercially available enzyme-linked immu-
nosorbent assay (ELISA) kits (R&D Systems). Prior to ELISA, supernatants
were collected 42 h after the infection of DC with various viruses (see Fig. 3) and
stored at —20°C before use.

T-cell proliferation assays. DC and CD4™" T cells were isolated from hepatitis
B virus-vaccinated and unvaccinated individuals and treated as described above.
The DC were used at dilutions from 10° to 10%/ml, and the CD4" T cells were
used at a dilution of 10° cells/ml. Experiments at each DC concentration were
performed in triplicate; 100 ul of DC and 100 pl of CD4* T cells were added to
each assay well. HbsAg (Austral) was added to the wells at a final concentration
of 1 pg/well. HSV-1-infected (MOI = 1) and uninfected DC were cultured with
CD4" T cells for 6 days at 37°C and 5% CO,. [*H]thymidine (1 pCi/well;
Amersham) was then added, and 18 h later, the cells were harvested and [*H]thy-
midine incorporation was measured.

RESULTS

HSYV infects DC at high efficiency but without significant
virus growth. Figure 1 shows the viruses used in this study.
Figure 2A shows that wild-type HSV with a GFP/lacZ insertion
into ULA43 infects human peripheral blood-derived DC at high
efficiency at a low MOI of 1. UL43 is a nonessential gene which
has previously been shown not to affect the kinetics of HSV
reactivation and latency (21), and it is used here as a nondis-
abling site for gene insertion, as in a previous work (4). Infec-
tion rates of 40 to 50% are achievable at this low MOI, as
measured by GFP expression. If cells are assessed by measure-
ment of HSV antigen on their surfaces using a polyclonal
anti-HSV antibody, ~80% stain positive for infection. This
suggests that <100% of the infected cells express detectable
levels of GFP, and thus infection levels are higher than if the
assessment is made on the basis of GFP fluorescence alone.

Figure 2B shows that, while some growth of HSV in DC can
be demonstrated, the growth burst which occurs ~40 to 60 h
after absorption is complete (60 to 80 h after infection) results
in the production of fewer progeny virus than the original input
virus used, and further bursts of virus growth do not then occur
over time. Very similar results were found for the growth of
strain 17+ (i.e., without the marker gene insertion in UL43
[Fig. 1]). Thus, while growth of HSV in DC has previously been
reported (22), the replication level is very low and results in a
steadily declining rather than increasing amount of virus in the
culture over time. Overall, therefore, HSV appears to have
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evolved the ability to infect DC at high efficiency, as evidenced
by either GFP expression or the presence of HSV antigen,
even though significant virus growth does not occur.

HSYV infection does not activate DC and blocks activation by
LPS. When DC infected with HSV are assessed for activation
as measured by the expression of a number of surface markers
(Fig. 3), several effects are observed. Without artificial stimu-
lation (LPS treatment), CD40 expression levels are reduced
and CD83 and CD86 expression levels remain constant com-
pared to those in uninfected cells. These results are similar to
those of previous work (15, 22, 30), showing that HSV infec-
tion per se does not activate DC. CD40 is a key T-cell activator,
CD83 is a surface marker which is up-regulated during DC
maturation and activation (although with an unknown function
[42]), and CD86 (B7.1) is a potent T-cell costimulatory mole-
cule which is also up-regulated on activated DC.

LPS treatment usually activates DC. This results in greatly
elevated levels of CD83 and CD86 (Fig. 3B, mock). However,
if DC are infected with HSV and treated with LPS, this does
not occur, and CD40 levels are reduced even further than with
HSV infection alone.

DC infected with HSV are therefore likely to be impaired in
the ability to induce cellular immune responses, as they do not
become activated by the infection process. Moreover, HSV
infection also blocks activation of DC by other stimuli, such as
treatment with LPS, as in this case. This suggests that HSV
actively inhibits DC activation rather than having evolved so as
not to activate DC itself.

Removal of HSV immediate-early (IE) genes increases DC
survival following infection but does not prevent HSV-medi-
ated inhibition of DC activation. The effects described above
and observed previously could have a number of causes. They
could be due to a generalized toxic effect of HSV on DC
function, particular HSV structural proteins which prevent ac-
tivation of DC, or the expression of particular HSV genes in
DC following infection. The effects observed could also be due
to a combination of these possibilities.

In an attempt to reduce any generalized toxic effects on DC
mediated by the expression of HSV genes, an HSV mutant in
which IE gene expression has been reduced to very low levels
was tested for its effects on DC survival and surface marker
expression in comparison to the virus described above. This
virus has ICP4, ICP27, and ICP34.5 deleted, has an inactivat-
ing mutation in VP16 (19), and expresses only very low levels
of HSV proteins in cells which do not complement the ICP4,
ICP27, and VP16 mutations. It has previously been shown that
such HSV mutants, in which IE gene expression is minimized
or prevented, are nontoxic in the cells so far tested (14, 31).
The HSV virion itself is therefore generally nontoxic to cells in
the absence of HSV gene expression.

When effects on cell survival were observed using trypan
blue staining following infection of DC with the virus with
ULA43 deleted or the IE gene-deficient virus, as expected, cell
survival was improved with the IE gene-deficient virus (Fig. 4).
Here, while only ~66% of DC survived 96 h after infection
with the virus with UL43 deleted, 96% of cells survived in
mock-infected cultures compared to 95% in cultures infected
with the IE gene-deficient virus. However, when effects on
surface markers were assessed with or without LPS stimula-
tion, the IE gene-deficient virus gave results generally similar
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FIG. 2. HSV infects human DC efficiently but with minimal replication. (A) DC photographed under UV fluorescence 24 h following infection
with 17+/pR20.5/43 at an MOI of 1 (left) and analyzed by FACS for GFP (purple) and HSV antigen expression (green, infected cells; black,
uninfected control) (right). (B) Growth curves of 17+ and 17+/pR20.5/43 in human DC infected at an MOI of 0.5. The yield (pfu) was determined

by titration on BHK cells at the indicated time points.

to those with the virus with UL43 deleted (Fig. 3). Here, with
or without the addition of LPS, no activation of the DC oc-
curred (levels of CD40, CD80, CD83, and CD86 were not
increased). While the virus with UL43 deleted reduced levels
of CD40 with and without LPS, the IE gene-deficient virus
reduced CD40 levels only when the DC were also treated with
LPS. These results suggested that the effects on surface mark-
ers showing DC activation to be blocked by infection with HSV
are not the result of a generalized toxic effect of HSV, as they
would be expected to have been minimized through the use of
the IE gene-deficient virus, as is the case in other cell types. It
would appear likely, therefore, that the block to activation is

either mediated through the expression of a specific HSV gene
or genes in DC or due to effects of the HSV virion itself. Thus,
either the expression of particular HSV genes must be acti-
vated in DC outside of the usual IE gene-regulated gene ex-
pression mechanism to cause the effects or, unlike in other
cells, the toxic effects must be mediated by the virion itself.
Removal of the HSV vhs protein allows activation of DC.
The vhs protein is contained within the HSV virion and func-
tions to destabilize host RNA in favor of the translation of
more rapidly produced viral RNAs during lytic infection (17,
34). Toxic effects of vhs have not previously been observed with
replication-defective HSV mutants (14). However, as vhs is
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FIG. 3. Effects of HSV and HSV mutants on DC surface marker expression with and without stimulation with LPS. (A and B) Levels of
indicated surface markers were measured by FACS (see Materials and Methods) following infection of DC at an MOI of 1 with the indicated
viruses or mock infection either without (A) or with (B) LPS stimulation. (C) Further analysis of the effect of vhs deletion; infection levels (green)
and CD86 expression levels (black, LPS; green, virus plus LPS; pink, DC alone) with (+vhs; virus 1764/27—/4—/w) or without (—vhs; virus
1764/27—/4—/vhs—/w) vhs are compared. Details of the viruses used are given in Materials and Methods and in Fig. 1.

contained within the virion, we tested an IE gene-deficient expression levels were again assessed. This showed that the
mutant virus identical to the virus described above but with the additional removal of vhs from an already IE gene-deficient
additional removal of vAs (a lacZ/GFP insertion into vhs). This virus prevented the block to LPS activation of DC which usu-
virus was used to infect DC, and the effects on surface marker ally occurs following infection with HSV. Moreover, the virus
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itself, without LPS stimulation, at least partially activated DC,
as evidenced by greatly increased levels of CD86 (Fig. 3A).
Thus, in LPS-stimulated cells infected with the vhas™ virus, the
expression levels of CD40 and CD86 are essentially identical to
those in uninfected, LPS-stimulated cells, and CD83 expres-
sion levels are greater than those in cells which are LPS stim-
ulated alone (Fig. 3B). Moreover, in unstimulated cells, vis™
virus infection alone induces production of IL-6 and tumor
necrosis factor alpha, also indicative of DC activation, which
did not occur when vhs was not deleted (Fig. 5).

The above-mentioned experiments were carried out with a
virus in which a GFP/lacZ expression cassette had been in-
serted into vhas. It was thus possible that this insertion, rather
than the inactivation of vhs itself, could have caused the effects
observed. To address this, a further virus was produced in
which vis was deleted with no accompanying insertion, and this
virus was tested for the ability to activate DC. As can be seen
in Fig. 3C, the vhs~ virus increases CD86 expression to levels
similar to those caused by LPS treatment, whereas infection
with an identical virus in which vhs was not deleted does not.
A further possibility was that removal of vhs reduced the in-
fection level of DC. This was tested using the vhs™ and vhs™

viruses, and infection levels were found to be essentially iden-
tical (Fig. 3C).

The HSV vhs protein therefore appears to be a key mediator
of the inactivating effects of HSV on DC. Removal of vhs from
an already IE gene-deficient virus provides a virus which re-
moves the usual HSV-mediated block to activation of DC by
LPS.

HSV vectors with the IE gene and vhs deleted allow the
stimulation of antigen-specific T-cell responses. The results
described above suggested that IE gene-deficient HSV vectors
in which vhs is also removed might be used as vectors for DC
due to their ability to infect DC at high efficiency and because
the inactivating effects of HSV on DC would have been pre-
vented. Indeed, DC infected with such HSV mutants appear to
be at least partially activated in response to infection, as mea-
sured by CD86 up-regulation and the secretion of certain cy-
tokines. To test whether HSV mutants with vhis deleted might
be used to direct antigen-specific immune responses following
the delivery of antigen-encoding genes to DC, experiments
were performed using DC and T cells prepared from hepatitis
B virus-vaccinated and unvaccinated individuals. Here, a virus
was first constructed in which an HbsAg expression cassette
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was inserted into the vhs-encoding gene of the IE gene-defi-
cient virus (Fig. 1). T-cell proliferation assays were then per-
formed in which DC from vaccinated or unvaccinated individ-
uals were either untreated, loaded with antigen by mixing them
with recombinant HbsAg protein, infected with the vector con-
taining the control marker gene, infected with the control
vector and also mixed with recombinant HbsAg, or infected
with the vector expressing HbsAg. The DC were then mixed
with T cells derived from the vaccinated or unvaccinated indi-
viduals, respectively, and effects on T-cell proliferation ob-
served.

These experiments showed (Fig. 6) that while HbsAg recom-
binant protein and the control HSV vector could induce a
small T-cell-proliferative response in vaccinated individuals
(the HSV response probably indicating proliferation of T cells
specific to HSV structural proteins) and the control vector
mixed with recombinant HbsAg could elicit a slightly greater
response, the HbsAg-expressing vector induced a significantly
greater response than any of these. Thus, delivery of HbsAg
directly into DC using an HSV vector allows a specific T-cell-
proliferative response to be induced which is greater than that
achieved by mixing DC with recombinant antigen alone. While
the results presented here are from a single HbsAg-vaccinated
individual for whom the experiments were repeated three
times, similar results have been obtained from three separate
HbsAg-vaccinated individuals from whom DC and T cells have
been prepared.

DISCUSSION

HSV has evolved to enter a latent state in infected individ-
uals from which it can reactivate intermittently to cause dis-
ease. During these processes, the virus must avoid the host

TNFa

8
7
6
5
4
3 —
2
Nl
O~ T
Mock 17+/pR  1764/27- 1764/27-14-]
20.5/43 14-Iw pR20.5/vhs
(UL43-) (ICP4,27, (ICP4,27,
34.5, 34.5, VP16,
VP16 -) vhs -)

FIG. 5. Cytokine secretion from HSV-infected DC. DC were infected with the indicated viruses, and cytokine levels were measured by ELISA
42 h later. TNFa, tumor necrosis factor alpha. The error bars indicate standard error.
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immune response, which might otherwise result in clearance of
the virus either before latency has become established, during
latency, or during reactivation. HSV initially infects the skin or
mucosa, where interaction with the host immune system would
first be anticipated to occur. DC are present in such tissues and
are important inducers of cellular immune responses to incom-
ing pathogens. It appears from the work described above and
previously that HSV has not only evolved to infect DC at high
efficiency but has also evolved efficient means to prevent their
activation following infection (5, 15, 22, 30). The mediator of
this inactivation had not previously been identified. We have
shown that the HSV vhs protein, delivered to DC as part of the
HSYV virion, is important for this inactivation process to occur.

It thus appears that HSV encodes at least two proteins to
minimize the induction of an adaptive immune response.
ICP47 is expressed at IE times after the infection of a cell and
inhibits the processing and presentation of antigens on the cell
surface by inhibition of TAP (10). vhs, on the other hand, is a
virion protein which appears (from this work) to be important
in preventing the activation of DC. If DC were significantly
activated following infection, a vigorous cellular immune re-
sponse would be anticipated which might prevent the virus
entering latency or result in clearance of the virus during re-
activation.

The HSV vhs protein destabilizes mRNA in infected cells so
that host protein synthesis is reduced in favor of translation
from more rapidly produced viral mRNA (17, 34). Surprisingly
therefore, the effects of the removal of vhs on virus growth in
vitro are minimal (36), as are the effects on toxicity to cultured
cells if vhs is removed from disabled HSV vectors (14). How-
ever, in vivo, vhs mutants are nonpathogenic, while they induce
a robust immune response which is protective against subse-
quent wild-type virus challenge (41). Thus, we may speculate
that these in vivo effects are due, at least in part, to the removal

POTENTIAL OF vhs™ HSV VECTORS FOR IMMUNOTHERAPY 3775

of vhs, allowing improved activation of DC and the induction
of a more effective cellular immune response.

The UL41 gene encoding vhs has been identified on a num-
ber of occasions as having potential effects on the host immune
response to HSV. However, none of this work has implicated
vhs as being important for the interaction of HSV with DC and
thus in minimizing cellular immune responses to the virus.
Thus, vhs has been shown to aid the prevention of the trans-
port of class 1 HLA molecules to the surfaces of infected
fibroblasts and their recognition by cytotoxic T lymphocytes
due to inhibition of de novo protein synthesis by vhs (11, 40).
vhs deletion was also shown to increase the sensitivity of HSV-
infected human embryonic fibroblast (HEL) cells to alpha and
beta interferon and to increase levels of IL-1b, IL-8, and
MIP-1a produced by infected HEL cells, U937 macrophage-
like cells, and NB69 neuroblastoma cells (37).

DC are the most potent antigen-presenting cells and have
been demonstrated to have great promise for the induction of
immune responses to tolerized antigens (27, 32, 33). Such
antigens are often present in cancer and chronic infectious
disease so that an effective immune response is not mounted by
the host, but this might be overcome if immune priming with
disease-associated antigens could be mediated through DC.

A number of strategies aimed at antitumor vaccination have
been used to deliver antigens to DC, with some success. These
include the mixing of DC with tumor extracts or peptides
derived from tumor antigen sequences (6, 18, 20, 25, 26, 43)
and the direct fusion of DC with tumor cells (16). Adenovirus,
alphavirus, and poxvirus vectors have also been used (3, 8, 24,
35, 44), although adenovirus requires high virus doses (MOI =
30 to 1,000), and toxicity results following infection of DC with
alphavirus or poxvirus vectors (8, 12).

The discovery that HSV infects DC at high efficiency (5)
suggested that HSV might be developed as a vector for these
cells. However, DC infected with HSV, including replication-
incompetent HSV vectors, generally become inactivated fol-
lowing infection and transduction (references 15, 22, and 30
and this work). The identification of vhs as a key mediator of
this inactivation process has allowed the construction of HSV
vectors which give high-level transduction of DC at low MOI
and which also allow activation of the DC, which is necessary
for the induction of an effective immune response. As a result,
HSV vectors with vhs deleted are promising for use in vacci-
nation strategies requiring the antigen loading of DC.
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