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ABSTRACT

Background: Costimuladon is a critical process in Ag-specific immune responses. Both
B7.1 and CD28 molecules have been teported to stimulate T cell responses during
antigen presentation. Therefore, we tested whether Ag-specific immune responses as well
as protective immunity ate influenced by coinjecting with B7.1 and CD28 cDNAs in
a mouse HSV-2 challenge model system. Methods: ELISA was used to detect levels
of antibodies, cytokines and chemokines while thymidine incotporation assay was used
to evaluate T cell proliferation levels. Results: Ag-specific antibody responses were
enhanced by CD28 coinjecon but not by B7.1 coinjection. Furthermore, CD28
coinjection increased IgGG1 production to a significant level, as compared to pgD+
pcDNA3, suggesting that CD28 drives Th2 type responses. In contrast, B7.1 coinjection
showed the opposite, suggesting a Tht bias. B7.1 coinjection also enhanced Ag-specific
Th cell proliferative responses as well as production of Thl type cytokines and
chemokines significandy higher than pgD+pcDNA3. However, CD28 coinjection
decreased Ag-specific Th cell proliferative responses as well as production of Th1 types
of cytokines and chemokine significantdy lower than pgD+pcDNA3. Only MCP-1
production was enhanced by CD28. B7.1 coimmunized animals exhibited an enhanced
survival rate as well as decreased herpetic lesion formation, as compared to pgD+
pcDNAS3. In contrast, CD28 vaccinated animals exhibited decreased survival from lethal
challenge. Conclusion: This study shows that B7.1 enhances protective Thl type cellular
immunity against HSV-2 challenge while CD28 drives a more detrimental Th2 type
immunity against HSV-2 challenge, supporting an opposite role of B7.1 and CD28 in
Ag-specific immune responses to a Thl vs Th2 type. (Immune Network 2005;5(2):
68-77)
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expressed on APCs deliver potent costimulatory sig-

Introduction

Antigen-specific T cell activation requites two
independent signaling events, one mediated through
T cell receptor (ICR) engagement with peptide/
major histocompatibility complex (MHC) Class 11
molecules on antigen presenting cells (APCs), and the
second through the cognate interaction of costimula-
tory molecules expressed on T cells and APCs. Costi-
mulatory molecules, CD80 (B7.1) and CD86 (B7.2)
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nals through CD28/CTLA-4 on T cells which drive
T cells into the cell cycle, induce diffetentiation and
augment cytokine production for an effective im-
mune tesponse (1,2). Although B7.1 and B7.2 have
a limited homology (28%), B7.1 and B7.2-expressing
transfectants efficiently costimulate anti-CD3-induced
T cell proliferation and cytokine production #z witro
(3), suggesting that the contexts in which B7.1 or
B7.2 operates are important to T cells during antigen
presentation iz wiv. In contrast, the CD28 gly-
coprotein is expressed as a homodimer on the surface
of 95% of CD4+ T cells and about 50% of CD8+
T cells (4). It is known that CD28 costimulation
activates Th2 promoting transcription factor, GATA-



3, and increases IL-4 receptor sensitivity, resulting in
promoting Th type 2 differentiation (5,6). More re-
cently, it has been treported that CD28 costimulation
induces both type 2 CD4+ and CD8+ T cell
polatization (7) and that the CD28-driven immune
cell stimulation is mediated via B7.1 and B7.2 (8). In
pathogenic protection, CD28-deficient animals show-
ed more severe parasitic infection resulting from
defects in cellular immunity (9). In particular, DNA
vaccine studies in the HIV, influenza, tuberculosis
and HSV systems reported that antigen-specific cel-
lular responses are enhanced significantly by co-
delivery with B7.1 or B7.2 (10-13). However, no
studies on CD28 have been reported.

Herpes simplex virus (HSV) is the causative agent
of a spectrum of human diseases, such as cold sotes,
oculat infections, encephalitis and genital 1nfecnons
(14). It has been reported that Thl type CD4+ T
cells but not CD8+ T cells apparently play a crucial
tole for protection from HSV-2 challenge (15-18).

Using this defined model we tested specific roles
of one of B7 molecules, B7.1 and CD28 in the
induction of Ag-specific immune responses as well as
protective immunity against HSV-2. We observe that
B7.1 molecules drive a more potent Ag-specific Thl
type cellular responses, resulting in decreasing both
mottality and morbidity due to HSV-2 infection. In
contrast, CD28 induces Ag-specific immune respon-
ses towards a Th2 phenotype, resulting in making
mote susceptible for HSV-2 challenge.

Materials and Methods

Mice. Female 4 to 6 weeks old BALB/c mice were
purchased from Harlan Sprague-Dawley (India-
napolis, IN). Their care was under the guidelines of
the National Institutes of Health (Bethesda, MD) and
the University of Pennsylvania IACUC (Philadelphia,
PA).

Reagents. HSV-2 strain 186 (a kind gift from Dr.
Schaffer of University of Pennsylvania, Philadelphia,
PA) was propagated in the Vero cell line (ATCC,
Rockville, MD). DNA vaccine (pgD) encoding HSV-
2 gD protein was previously tested (17). The ex-
pression vector, pcDNA3-B7.1 was previously re-
potted (11). CD28 genes were cloned from ¢cDNA
library using 2 primers (forward primer: 5-GATATC
ATGCTCAGGCTGCTCTTGGCT-3', teverse prim-
er: 5- CGGGATCCTCAGGAGCGATAGGCTGCG
AA-3). The introduced restriction endonuclease re-
cognition sequences are shown in underline. The Eco
RV-Bam HI fragment of CD28 genes was cloned
into a pcDNA3.1 (=) vector (Invitrogen, Carlsbad,
CA). The CD28 plasmid DNA was verified by DNA
sequencing analysis. Plasmid DNA was produced in
bacteria and purified by double banded CsCl pre-
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parations. Recombinant HSV-2 gD proteins, a gener-
ous gift from Drs. Cohen and Eisenbetg of Univer-
sity of Pennsylvania, Philadelphia, PA, wete used as -
recombinant antigen in these studies.

Expression of B7.1 and CD28  expression  constructs.
Expression of B7.1 and CD28 constructs was analy-
zed by transfecting them into RD cells as described
previously (11). Cells were harvested 72 hrs after
transfection and tested for expression using FACS
analysis with FITC-conjugated monoclonal antibodies
for B7.1 and CD28 (PharMingen, San Diego, CA).
DNA inoculation of mice. The quadriceps muscles of
BALB/c mice were injected with pgD DNA con-
structs formulated in a final volume of 100 1l of PBS
and 0.25% bupivacaine-HCI (Sigma, St. Louis, MO)
using a 28-gauge needle (Becton Dickinson, Franklin
Lakes, NJ). B7.1 and CD28 expression plasmid
cassettes were mixed with pgD plasmid solution priot
to injection.

ELISA. ELISA was performed as previously des-
cribed (19,20). In particular, for the determination of
relative levels of gD-specific IgG subclasses, anti-
murine IgG1, or IgG2a conjugated with HRP (Zymed,
San Francisco, CA) were substituted for anti-murine
IgG-HRP. Furthermore, ELISA tters were deter-
mined as the reciprocal of the highest sera dilution
showing the same OD value as sera of naive mice.
T helper (Th) cell proliferation assay. Th cell proliferation
assay was performed as previously described (19,20).
Detection of C]to/émes and Chemokines. A 1 ml aliquot
containing 6 X 10° splenocytes was added to wells of
24 well plates. Then, 1 yg of HSV-2 gD protein/ml
was added to each well. After 2 days incubation at
37°C in 5% CO,, cell supernatants were secured and
then used for detecting levels of 11.-2, 11.-10, TFN- y,
RANTES, MIP-1 ¢ and MCP-1 using commetcial cy-
tokine and chemokine kits (Biosource, Intl, Cama-
rillo, CA and R&D Systems, Minneapolis, MN) by
adding the extracellular fluids to the cytokine or
chemokine-specific ELISA plates.

Intravaginal HSV-2  challenge. After DNA injection,
mice were challenged intravaginally (i.vag.) with HSV-
2 strain 186 as previously described with some
modifications (21,22). Before inoculating the vitus,
the intravaginal area was swabbed with a cotton tip-
ped applicator (Hardwood Products Company, Gui-
ford, ME) soaked with 0.1 M NaOH solution and
then cleaned with dried cotton applicators. Mice were
then examined over time to evaluate pathological
conditdons and survival rates.

Statistical analysis. Statistical analysis was done using
independent Student’s 7 test and Chi-square test.
Values between different immunization groups were
compared. p values <0.05 were considered signifi-
cant.
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tested by ELISA. As shown in Fig. 2A, gD-specific
Results

In vitro expression of B7.1 and CD28 constructs. The genes
for B7.1 and CD28 were individually cloned into a
pcDNA3 backbone plasmid (Fig. 1). To test whether
these constructs could express their relevant proteins,
we transfected them into RD cells. Using FACS
analysis, we observed that expression vectors,
pcDNA3-B7.1 and pcDNA3-CD28 resulted in spe-
cific expression of B7.1 and CD28, respectively (Fig.
1.

Systemic antibody responses. To determine if coinjection
of gD genetic vaccines with B7.1 and CD28 ex-
pression vectors might influence humoral immune
responses against gD, each serum pet group was

IgG levels were enhanced significantly by coinjection
with CD28. In contrast, B7.1 coinjection showed the
IgG production pattern similar to pgD +pcDNA3.
ELISA titets of equally pooled 4 week sera were also
determined to be 6,400 (pgD +pcDNA3), 6,400
(pgD+B7.1) and 25,600 (pgD+CD28) (Fig. 2B).
Similar results wete observed when we tested sera
obtained 1 month after the initial immunization with
gD DNA vaccine (10 g per mouse) plus costi-
mulatoty molecules (40 g per mouse) (data not
shown). This shows that coinjection with B7.1 has
little effect on antibody production, whereas CD28
coinjection has a positive effect on antibody produc-
tion, suggesting a Th2 type bias of this codelivery.
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Figure 3. Levels of systemic gD-specific TgG1 and IgG2a in mice immunized with DNA vaccine plus B7.1 or CD28. Each group
of mice (n=8) was immunized im. with gD DNA vaccines (60 2g), and/or costimulatory molecule cDNAs (40 z2g) at 0 and 2 weeks.
Mice were bled 2 weeks after the last immunization. Each serum per group (n=8) was diluted to 1:100 for reacton with gD in ELISA.
OD was measured at 405 nm. Values and bars represent individual OD values and the mean, respectively. *Statistically significant
at p<0.05 by Student's 7 test compared to each corresponding isotype of gID DNA vaccine alone.
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Figure 4. Th cell proliferation levels of splenocytes after n wiro
gD stimulation. Each group of mice (n=5) was immunized im.
with gD DNA vaccines (60 #g) plus 40 pg of B7.1 or CD28
molecule cDNAs (40 ¢g) at 0 and 2 weeks. Two weeks after the
last DNA injection, 2-3 mice per group were sacrificed and
spleen cells were pooled for the proliferation assay. Splenocytes
wete stimulated with 1 and 5 pg/ml gD-2 proteins and as a
positive control with 5 pg/ml PHA. After three days stimulation,
cells were harvested and then cpm was counted. Samples were
assayed in triplicate. Values and error bars represent mean and
SD, respectively. The PHA control sample showed a stimulation
index of 40-50. This represents one of three separate expetiments
showing similar results. *Statistically significant at p<0.05 by
Student’s # test compared to pgD~+pcDNA3,

IgG dsotype pattern. gD-specific isotypes were further
analyzed to determine if IgG subclasses are driven by
coinjection. As shown in Fig. 3, CD28 cDNA coin-
jection induced a significant increase in IgG1 levels,
as compared to gD plasmid vaccine alone. However,
coinjection with B7.1 ¢cDNA showed the opposite.
These suggest that B7.1 and CD28 are Thl type and
Th2 type-biased, respectively. This shift in IgG
production illustrates that a more Th2 type response
was induced by CD28 coimmunization in the context
of the gD plasmid vaccine.

Th cell proliferative responses. T helper cells play an
important role in eliciting both humoral and cellular
immune responses via expansion of Ag stimulated B
cells and expansion of CD8+ T cells, respectively.
As a specific indicator of CD4 actvation T cell
proliferation was examined. The gD-2 protein (1 and
5pug/ml) was used for antigen specific stimulation.
For a positive control, 5 #g/ml PHA was used as a
polyclonal stimulator. As shown in Fig. 4, a low
background level of Th cell proliferaton was ob-
served in negative plasmid controls. However, gD
DNA  vaccination induced Th cell proliferation
responses much higher than the negative controls,
When coinjected with B7.1 plasmid DNA, Th cell
proliferation levels were further boosted. However,
Th cell proliferation levels were significantly inhibited
by coinjection with CD28 cDNAs. This tendency was
observed over the two different gD antigen concen-
trations tested, reflecting that these specific effects
are B7.1 or CD28-mediated. A lack of CTL responses
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Figure 5. IL-2, IFN-y, IL-10, RANTES, MIP-1 @ and MCP-1 production levels of splenocytes after in vitro gD stimulation. Fach
group of mice (n=5) was immunized im. with gD DNA vaccines (60 pg) plus 40 zg of B7.1 or CD28 molecule cDNAs at 0 and
2 weeks. Two weeks after the last DNA injection, 2-3 mice per group wete sacrificed and spleen cells were pooled. Splenocytes wete
stimulated with 1 gg of gD proteins/ml for 2 days. Samples were assayed in triplicate. Values and error bars represent mean and
SD, respectively. This teptesents one of three separate experiments showing similar results. *Statistically significant at p-<{0.05 by

Student's 7 test compared to pgD-+pcDNAS3.

against gD in Balb/c mice has been obsetved pte-
viously (23,24). Furthermore, gD plasmid vaccination
does not result in CTL responses (17,23,25). There-
fore, to evaluate cellular effects in more detail we
next examined cytokine and chemokine production
profiles.

Levels of Cytokines and Chemofkines. Thl cytokines and
Th2 cytokines have been a mainstay in outr un-
derstanding of the polarization of immune responses.
Recently, B-chemokines have also been focused on
their ability to polarize immune tesponses to Thl or
Th2. Thl immune responses are thought to dtive
induction of cellular immunity, whereas Th2 immune
responses preferentially drive humoral immunity. As
shown in Fig. 5, we examined whether gD DNA
vaccination with and without B7.1 and CD28 ¢cDNAs
modulates Thl type cytokine and B-chemokine
profiles. gD DNA vaccine alone enhanced pro-

duction of IL.-2, IFN-y, RANTES, MIP-1¢# and
MCP-1 in an antigen-specific manner. In particular,
production of IL-2, IFN-y, RANTES and MIP-1 ¢
was enhanced by codelivery with B7.1 DNAs
significantly higher than pgD DNA alone. However,
MCP-1 production was unaffected by B7.1 coin-
jection. This suggests that B7.1 enhances Ag- specific
Thl type cellular responses. In the case of CD28
cDNA coinjection, CD28 inhibited production of
I1.-2, TFN-7y, RANTES and MIP-1 ¢ significantly
lower than gD DNA vaccine alone. However, MCP-1
ptoduction was enhanced, supporting that CD28
inhibits Ag-specific Thl type cellular responses.
These studies support that B7.1 and CD28 costi-
mulate T cells differentially, thus eliciting unique
profiles of Thl type cytokines and B -chemokines

Survival from lethal HS17-2 challenge. 1t is important that
antigen-specific immune modulation influences path-
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ogen’s replication. We analyzed protective efficacy of
B7.1 and CD28 coinjection in the murine herpes
challenge model. A lethal dose (LD)so of HSV-2 (186)
was previously measured to be approximately 3.5
10° PFU (18). Hight mice per group were immunized
twice with pgD (60 g per mouse) plus B7.1 or
CD28 (40 yg per mouse) and then challenged Lvag.
with 200 LDso of HSV-2. As shown in Fig. GA, all
control animals died within 8 days after an intra-
vaginal challenge with 200 1Dsy of HSV-2. The
group immunized with gD DNA vaccine alone had
a 63% survival rate after the challenge. In contras,
coinjection with B7.1 ¢cDNA increased the survival
tate to 75%, while CD28 coinjection resulted in a
dramatic reduction of the survival rate to 13%. To
reaffirm the findings above, animals were immunized
with 10 zg of pgD vaccines and then challenged with
a lower challenge dose of 4 LDs, (1.4 x 10" PFU) this
time (Fig. 6B). However, the similar findings were
also observed. As shown in Fig. 6B, 60% survival of
pgD DNA vaccinated animals was noted. When
colnjected with B7.1 c¢DNAs, survival rates wete
enhanced to 90%, an increase of 30% in survival.
However, coinjection with CD28 decreased sutvival
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Neg. control

pgD+pcDNA3

peD+B7.1

pgD+CD28 Figure 6. Survival rates of animals

immunized with gD DNA vaccines
plus costimulatoty molecule cDNAs.
(A) Bach group of mice (n=8) was
immunized im. with gD DNA vaccines
(60 1g) plus B7.1 or CD28 costimula-
tory molecule cDNAs (40 x£g) at 0 and
2 weeks. Three weeks after the last
DNA injection, mice were challenged
ivag. with 200 LDs, of HSV-2 (7 X 10’
pfu). Mice were checked 2 times a week
after viral challenge for survival rate
studies. (B) Each group of mice (n=

Neg. control 8~10) was immunized once with gD

pgD+pcDNA3 DNA vaccines (10 g) plus 40 pg of

B7.1 or CD28 molecule cDNAs. Five

pgD+B7.1 weeks after the DNA immunization,

D+CD28 mice were challenged 1.vag, with 4 LDs
pgh+

of HSV-2 (1. 4x10" PFU). Surviving
mice were scored for 30 days following
viral infection. *Statistically significant
at p<0.05 by Chi-square test compared
to pgD+CD28.

of mice to 25%. As we have previously observed,
Th2 bias decreases sutvival in this model. This
turther supports the Th2 bias of the CD28 signal.
There were no effects on survival in the absence of
the specific herpes Ag plasmid, thus supporting that
these results do not test the CpG activity of plasmids.
B7.1 reduces morbidity rate after lethal HSV-2 challenge.
Mice challenged with 200 LDs, of HSV-2 were
observed for herpetic lesions for 2 months. Control
animals infected with HSV-2 started to show
pathological signs, such as lethargy, abnormal gaits,
and ruffling fur 2 to 3 days after virus challenge, and
they died starting 5 days after infection, and they had
all died by 8 days of infection. Sutviving mice were
then followed for 2 months post challenge to
examine pathological symptoms. Herpetic lesions
were observed on the epithelial layers of the skin
around the vaginal area. As shown in Fig. 7A,
immunization with gD DNA vaccine alone resulted
in more animals showing herpetic lesions than those
which received the gD+B7.1 immunization. For
instance, in the case of animals immunized with pgD
vaccine alone, the per cent of mice showing herpetic
lesions in surviving mice was noted as 100% (5/5),
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Figure 7. Percent of mice showing herpetic lesions (A) and their severity (B) in mice surviving after HSV-2 infection. Each group
of mice (n=8) was immunized and challenged with HSV-2 as shown in Fig. 6A. Mice were checked twice per weck after viral challenge
to observe the pathological symptoms. (/) indicates the number of mice showing herpetic lesions/the number of mice surviving from
HSV-2 challenge. Degrees of severity of herpetic lesions were recorded as tiny lesions (1), mild (2-+), and severe lesions (3+).
Values and bars represent the mean of degrees of severity and the SD, respectively.

80% (4/5), 80% (4/5) and 40% (2/5) on days 16,
24, 28 and 61 days post virus challenge, respectively.
In the case of pgD+B7.1 immunized animals,
however, the per cent of mice showing herpetic
lesions in surviving mice was noted as 50% (3/6),
17% (1/6), 0% (0/6) and 0% (0/6) on days 16, 24,
28 and 61 days post virus challenge, respectively. It
is notable that coinjection with B7.1 ¢cDNA resulted
in complete healing of lesions in surviving animals 28
days post viral challenge. In the case of pgD+
CD28-immunized animals, however, one animal sur-
vived, but showed no herpetic lesions (data not
shown). We also scored herpetic lesions 1 to 3 based
upon their severity (3 being the highest level of
severity). As shown in Fig. 7B, coinjection with B7.1
c¢DNA also induced a significantly lower degree of
severity in herpetic lesions, as compared to pgD
vaccine alone.

Discussion

Costimulatory molecules play an important role in
the initiation and differentiation of CD4+ and CD8+
T cell responses during antigen presentation. Cost-
imulatory molecules, B7.1 and B7.2 expressed on
APCs deliver potent costimulatory signals through
CD28/CTLA-4 on T cells, resulting in activation of
T cells (1,2). These molecules allow APCs and T cells
to form a stable T cell and APC conjugate, and they
are able to provide signals required for activation of
T cells and APCs in context with TCR/Class I or
II complex. In various DNA vaccine models, B7.1
or B7.2 co-injected in a DNA form has been ob-
served to have augmented adjuvant efficacy (10-13),

suggesting that B7.1 or B7.2 could be used to
enhance Ag-specific immune responses zz vivo. It has,
however, been teported that activation of CD28
molecules promotes Th2 type immune responses by
activating ‘Th2 promoting transcription factor and
increasing IL-4 receptor sensitivity of T cells (5,0).
Recently, CD28 costimulation has been reported to
induce both type 2 CD4+ and CD8+ T cell
polatization (7). This indicates that CD28 could be
used to induce antigen-specific Th2 type immune
responses # vivo.

In this study, there wete some effects observed on
antibody responses by CD28 coinjection. When
coinjected with CD28 c¢DNAs, there was an enhan-
cement of antibody responses, as compared to gD
DNA vaccine alone. However, antibody responses
were unaffected by B7.1 coinjection. We further
tested IgG isotype production patterns driven by
B7.1 and CD28 coinjection. It has been known that
IgG1 is a Th2-associated antibody isotype, whereas
IgG2a is a Thl-associated isotype antibody (26). We
obsetved that CD28 codelivery induced a significant
increase in IgG1 production, which is believed to be
mediated by Th2 type cytokine ot chemokine induc-
tion, suggesting that polarization of gD-specific im-
mune tesponses towards the Th2 type is achieved by
coinjecting plasmid vectors driving expression of
CD28. This is also compatible with previous findings
that CD28 costimulation is related to differentiation
of Th2 type cells (5,6). In contrast, B7.1 coinjection
had opposite effects on IgG isotype pattetn, as
compared to CD28 coinjection, in which Ig(G2a anti-
body production was increased while IgG1 produc-



tion was ‘decreased. This is compatible with previous
findings that coinjection with B7.1 drives Th1 type
responses (12).

As suggested by the isotype pattern, CD28 exhibi-
ted distinct effects on overall cytokine induction. In
particulatr, CDD28 coinjection inhibited Th cell proli-
ferative responses and production of both Th1 and
Th2 type cytokines (IL-2, IFN-y and I1L-10) signi-
ficantly lower than pgD +pcDNA3, suggesting that
CD28 suppresses Ag-specific cellular immune re-
sponses zz vivo. In contrast, B7.1 coinjection enhanced
Ag-specific Th cell responses as well as production
of both Thl and Th2 type cytokines (IL-2, IFN- y
and IL-10) significantly higher than pgD +pcDNA3.
The data suggest that B7.1 enhances both Th1 and
Th2 type cellular immune responses. This property
was previously observed by coinjection with GM-CSF
and LFA-3 plasmid DNAs (27,28). This is again
compatible with previous findings that B7.1 DNA
coinjection results in enhanced cellular responses in
a gD DNA vaccine model (12).

Beta chemokines, RANTES, MCP-1, and MIP-1 ¢
chemoattact particularly for monocytic phagocytes
and are also known to activate T cells, basophils,
cosinophils, and mononuclear phagocytes (29,30). In
particular, RANTES chemoattracts unstimulated CD4
+ /CD45R0O + memory T cells and stimulated CD4
+ and CD8+ T cells (31-34). MIP-1 ¢ and MCP-1
also stimulate Thl or Th2 type cytokine production
from T cells (34,35). Evidence suggests that chemo-
kines could also be divided into Thl and Th2 phe-
notypes (36,37) in a similar manner to cytokines. In
support of this theory, we reported that coinjection
with 2 Thl type cytokine, IL-12 enhances production
of RANTES and MIP-1 @, but suppressed MCP-1
production (17). In contrast, subunit vaccine was a
sttong Th2 inducer and enhanced production of
MCP-1, but suppressed production of RANTES and
MIP-1 @ (20). This report combined with the present
study suggested that MCP-1 could be considered as
an inducer of a Th2 type response. Further support
for this idea is that Thl cells which mediate ocular
inflammatory disease by HSV infection can be
ameliorated by injecdon with anti-MIP-1 @ but not
ant-MCP-1 (38), again indicating that MIP-1 ¢ and
MCP-1 might have conflicting roles in the Thl and
Th2 type cell-mediated immune responses, respecti-
vely. In this study, CD28 inhibited production of
RANTES and MIP-1 ¢, but enhanced production of
MCP-1 as compared to pgD+pcDNA3, supporting
the Th2 bias of antibody responses by CD28. This
is also in line with the finding in which coinjection
with  MCP-1 drives Th2-biased immune responses
(35,39). It seems likely that MCP-1 activates progres-
sion to Th2 type immune tesponses, tresulting in loss
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of protection against HSV-2. This is compatble with
the previous finding that coinjection with MCP-1
cDNA makes animals more susceptible for HSV-2
challenge (40).

As suggested by enhancement of cellular responses
by B7.1, B7.1 increased protection from mortality and
morbidity resulting from a lethal dose of HSV-2.
However, CD28, an inducer of Th2 type immune
responses showed increased susceptibility to HSV-2
challenge. We previously observed in DNA vaccine
studies that antibody responses ate not cortelated
with enhanced protection from HSV challenge by
codelivery with pgD +1IL-12 DNAs (17). This sug-
gests that the quality of help provided by B7.1
particularly relates to cellular responses. It is also
likely that B7.1-induced IFN- 7 is likely responsible
tor the anti-HSV-2 activity of these molecules 7 vivo.
Direct anti-HSV effects of IFN-7y were previously
reported in HSV infection (41) as well as hepatitis B
virus and lymphocytic choriomeningitis virus infec-
tion models (42,43), supporting that IFN-y is criti-
cal for antd-HSV control. However, in addition to
IFN- 7 Thl or Th2 polarization might be modulated
by the costimulatory molecules.

In conclusion, the data presented hete support that
the costimulatory molecule CD28 drives immune
responses in a Th2 phenotype. Recent studies of, the
mechanism of DNA vaccination allow us to speculate
on this activity. Plasmid vaccines transfect local cells
at the site of injection. In the case of im. injection,
both muscle cells as well as resident APCs are
transfected (44,45). These transfected APCs migrate
to the regional lymph node for immune stimulation.
There is little evidence to support transfection of
lymphocytes including B cells. It has been well
established that mixing plasmids allows for coex-
pression of encoded sequences largely within the
same cells. Accordingly, there are two major places
that CD28 can play a role in this model, the
petipheral tissue site (muscle) or the regional lymph
node expressed on APCs. It is unlikely that CD28
can stimulate T cells directly in the periphery (muscle)
as neither the IL-2 or B7 signal would be provided
at the necessary time. However, CD28 should be able
to activate APCs in the muscle in the area of the gD
antigen as plasmid vaccination is depo delivery. These
APCs would be expected to migrate to the regional
lymph nodes and these antigen armed activated APCs
would be expected to be effector expanders of the
developing host immune response.

In sum, the data presented here suggest that B7.1
and CD28 have distinct costimulatory pathways for
inducing antigen-specific humoral or cellular re-
sponses which result in different types of protective
immunity against HSV-2 infection zn vivv.
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