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Abstract

Human immunodeficiency virus type-1 (HIV-1) chronic infection causes mil-
lions of deaths each year. We previously developed a novel HIV-1 Gag-spe
cific exosome (EXO)-targeted T cell-based vaccine (Gag-Texo) using ConAs-
timulated polyclonal CD8" T (ConA-T) cells armed with Gag-specific den-
dritic cell (DC)-released EXOs, and showed that Gag-Texo stimulated more
efficient cytotoxic T lymphocyte (CTL) responses than DCs. Tat HIV-1 early
regulatory protein possesses immunomodulatory and adjuvant properties. To
enhance Gag-Texo immunogenicity, we generated Tat-engineered OVA/Tat
Texo and Gag/Tat-Texo vaccines using ConA-T cells armed with EXOs re-
lease by DCs infected with recombinant OVA/Tat- and Gag/Tat-expressing
adenoviruses (AdVoyar, and AdVggr,). We then assessed vaccination-sti-
mulated CTL responses in naive mice, and therapeutic immunity in transgen-
ic HLA-A2 mice bearing Gag/HLA-A2-expressing BL6-104y,,,, melanoma
lung metastases. We demonstrate that the OVA/Tat-Texo vaccine enhances
functional OV A-specific CTL responses, compared to the OV A-Texo vaccine,
and broadens CTL responses recognizing the cryptic OVA epitope in C57BL/6
mice. Furthermore, we determine that the Gag/Tat-Texo not only stimulates
more efficient CTL responses than Gag-Texo, but also induces enhanced the-
rapeutic immunity. We show that, 30% of Gag/Tat-Texo-immunized mice are
free of tumor lung-metastases, compared to all Gag-Texo-immunized mice
displaying lung-metastasis. In addition, the average number of tumor lung
metastases colonies (32/lung) in the Gag/Tat-Texo-immunized mice was also
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significantly lower than that (78/lung) observed in Gag-Texo-immunized mice.
Taken together, this indicates that HIV-1 Gag/Tat-Texo capable of stimulat-
ing enhanced Gag-specific CTL responses and therapeutic immunity may be-
come a new immunotherapeutic vaccine candidate for controlling virus in
HIV-1 patients.
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1. Introduction

HIV-1 that causes millions of deaths each year primarily acts by infecting mem-
ory CD4" CCR5" T cells, and becomes resistant to antiviral drug therapy (ART).
This results in latent pro-viral reservoirs and a life-long infection [1]. As well-
established in natural control of HIV-1 (ie “elite” control), potent CTLs can
control it by killing virus-infected cells [2], leading to renewed interests in the-
rapeutic vaccination for stimulating CTL responses decaying pro-viral reservoirs
after pharmacologically purging the reservoirs [3]. Purging the reservoir itself is
not sufficient to cause death of infected cells that remain in a resting state [4],
whereas boosting CTL responses efficiently eliminates latent pro-viral reservoirs
[4] [5], warranting a search for potent therapeutic vaccines.

Structural proteins of HIV-1, Gp120 and Gag, have become major targets for
inducing HIV-1-specific CTL responses in vaccine development [6] [7]. Pre-
vious vaccines (peptides, DNA or viral vectors) often failed in stimulation of
therapeutic immunity in HIV-1 patients [8] possibly due to critical defects in
CD4" T cells and DCs [1]. Immune cell-based treatment approaches become a
third pillar of therapeutics [8]. However, efficacies of DC vaccinations, which
often require CD4" T cell help [9] remain poor [10]. Functional CTL exhaustion
becomes another chief issue, leading to ineffective HIV-1 control in patients [11]
[12].

We previously generated an HIV-1 Gp120-specific exosome (EXO)-targeted
Gpl120-Texo vaccine by using ConA-T-stimulated mousepolyclonal T cells
armed with Gp120-specific DC (DCgy5)-released EXO (EXOg,y) [13] [14]. We
demonstrated that the Gp120-Texo vaccine was more immunogenic than the
DCgp 1z vaccine and was capable of stimulating CD4" T cell-independent Gp120-
specific CTL responses, leading to protective and long-term immunity against
Gp120/HLA-A2-expressing B16 melanoma (BL6-10,,50/4,) in transgenic HLA-
A2 mice [13] [14]. Compared to the HIV-1 structural protein Gp120, HIV-1 Gag
has several important advantages as a target antigen for developing HIV-1-spe-
cific vaccines. Thus, the Gag vaccine stimulates persistent and broader CTL res-
ponses against conserved Gag epitopes in animal models [15] [16] [17]. HLA-
B57 HIV-1-infected individuals have also been found to have autologous CTL
responses against four conserved Gag epitopes, which are associated with the
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reduced virus replication and more efficient viral control [2]. In addition, effec-
tive CTL responses against Gag have been found to correlate with the suppres-
sion of HIV-1 replication in HIV-1 patients [18] [19] [20] [21]. Since Gag has
become one of the most attractive target candidates for HIV-1 vaccine develop-
ment, we recently generated a Gag-specific DC (DCg,,)-released EXO-targeted
Gag-Texo vaccine, and demonstrated that Gag-Texo stimulated efficient Gag-
specific CTL responses, leading to a complete protective immunity, but only
some degree of therapeutic immunity against Gag/HLA-A2-expressing BL6-
10G,y4, melanoma in transgenic HLA-A2 mice [22]. Like other lentiviruses,
HIV-1 encodes a trans-activating regulatory protein (Tat), which is essential for
efficient transcription of the viral genome [23]. Since the HIV-1 early regulatory
protein Tat possesses immunomodulatory and adjuvant properties that can be
advantageous in vaccine development [23], we assumed that Tat may further
enhance the immunogenicity of our Gag-Texo vaccine.

To assess our assumption, we produced recombinant adenoviruses AdV gy a/ra
and AdVg,yr, expressing OVA plus Tat and Gag plus Tat, and generated OVA/
Tat-Texo and Gag/Tat-Texo vaccines by using ConA-stimulatedmouse CD8" T
cells with the uptake of AdVyr, Or AdV g,y r,-transfected DC (DCopyr,e and
DCq,gra)-released EXOs, respectively. We immunized wild-type C57BL/6 and
transgenic HLA-A2 mice intravenously with the OVA/Tat-Texo or Gag/Tat-
Texo vaccine, and assessed their ability to stimulate OVA- and Gag-specific CTL
responses and immunity against OVA- and Gag/HLA-A2-expressing B16 mela-
noma. This demonstrated that the transgene Tat-engineered OVA/Tat-Texo
vaccine not only enhanced OV A-specific CTL responses, but also broadened
OV A-specific CTL responses recognizing the cryptic OVA epitope in C57BL/6
mice, compared to the OVA-Texo vaccine. In addition, the transgene Tat-engi-
neered Gag/Tat-Texo vaccine stimulated more efficient therapeutic immunity

against Gag/HLA-A2-expressing tumors in transgenic HLA-A2 mice.

2. Materials and Methods

2.1. Reagents, Cell Lines and Animals

Biotin-labeled or fluorenscein isothiocyanate (FITC)-labeled antibodies (Abs)
specific for CD8 and chicken ovalbumin (OVA) antibodies (Abs) were obtained
from BD Biosciences (Mississauga, Ontario, Canada). The rabbitanti-Gag and
anti-Tat Polyclonal Abs were obtained from Fisher Scientific Inc., Waltham,
MA. FITC-anti-CD80, FITC-anti-HLA-A2, PE-anti-CD44 and rabbit anti-CD9
Abs were obtained from BD Bioscience (Missisauga, ON, Canada). FITC-anti-
CD1lc Ab were purchased from Biolegend (San Diego, CA). The H-2K’-re-
stricted OV A-specific OVA,, 5., (SINFEKL) and an irrelevant control Mutl
peptide (FEQNTAQP) [13] as well as the HLA-A2-restricted Gag,qs, peptide
(SLYNT-VATL) and an irrelevant control human epidermal growth factor re-
ceptor-2 (HER2) peptide (ILHNGAYSL) [22] were synthesized by Multiple Pep-
tide Systems (San Diego, CA). PE-conjugated H-2K*/OVA,, ,5, (SIINFEKL, im-
munodominant OV A epitope) tetramer (PE-tetramerI) was purchased from
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Beckman Coulter, Mississauga, Ontario, Canada. PE-conjugated H-2K”/OV A ¢,
(KVVR-FDKI, subdominant OVA epitope) and H-2K°/OVA,, ,, (CFDVFKEL,
cryptic OVA epitope) tetramers (PE-tetramer II and III) [24] were obtained
from NIH Tetramer Facility, Bethesda, MD. The highly lung-metastatic B16
melanoma cell line BL6-10 engineered to express transgene HLA-A2 and Gag
forming BL6-10,,4, cell line was previously generated in our laboratory [22].
Two gene fragments HIV-1 Gag and Tat were obtained from NIH AIDS Re-
search and Reference Reagent Program, NIH, Bethesda, MD. Wild-type female
C57BL/6 (B6) and transgenic (Tg) HLA-A2 mice (33,584) were obtained from
the Jackson Laboratory (Bar Harbor, MA). All mice were treated according to
Animal Care Committee Guidelines of the University of Saskatchewan.

2.2. Construction of Recombinant Adenoviruses Expressing
OVA or Gag and Tat

Recombinant adenoviral vectors AdVoyyr, and AdVg,r,, expressing OVA and
HIV-1 Gagand Tat were constructed by inserting a fused gene fragment con-
taining a IRES fragment (including the enhancer and poly A regions) [25],
which was located between the two gene fragments OVA and Tat or Gag and
Tat, into the pShuttle vector (Stratagene, La Jolla, CA) by recombinant technol-
ogy. The recombinant AdV vectors were linealized by PacI digestion, and then
transfected into 293 cells using Lipofectamine 2000 (Invitrogene, Carlsbad, CA)
to generate AdVs AdV gy, Or AdV gy, expressing transgene OVA and Tat or
Gag and Tat [26]. AdVs were amplified in 293 cells, and purified by a series of

cesium chloride ultracentrifugation gradients [26].

2.3. Dendritic Cell and Exosome Preparations

Bone marrow-derived dendritic cells (DCs) were obtained by culturing the wild-
type B6 or transgenic HLA-A2 mousebone marrow cells in culture medium con-
taining GM-CSF (20 ng/ml) and IL-4 (20 ng/ml) for six days as previously de-
scribed [22]. DCs derived from B6 and HLA-A2 mice were infected with AdVyy,
or AdVoyure and AdVg,, or AdVi,r, respectively, and termed DCgy, or
DCoyara and DCgq,, or DCg,p1o- DCoyar DCoya/ra DCooq and DCq,gry released
exosomes (EXOgqya, EXOqy sy EXOg,q and EXOg,gr,) Were then purified from
AdV-transfected DC culture supernatants by differential ultracentrifugation
[22].

2.4. OVA/Tat-Texo and Gag/Tat-Texo Preparations

The wild-type B6 or transgenicHLA-A2 mouse splenocytes were cultured in
RPMI1640 medium containing IL-2 (20 U/ml) and ConA (1 pg/ml) for 3 days.
ConA-activated CD8" T (ConA-T) cells were enriched by passage through nylon
wool columns (C & A Scientific, Manassas, VA), and then purified by negative
selection using anti-mouse CD8 paramagnetic beads (DYNAL Inc., Lake Suc-
cess, NY). OVA-Texo or OVA/Tat-Texo and Gag-Texo or Gag/Tat-Texo vac-
cines were generated by incubation of ConA (1 pg/ml)-stimulated polyclonal
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CD8* T (ConA-T) cells derived from B6 and HLA-A2 mice with EXOg, or
EXOgya/rae and EXOg,, or EXOg,yr, for two hours, respectively, as previously
described [13].

2.5. Electron Microscopic Analysis

EXOs were fixed in 4% paraformaldehyde. The pellets were then loaded onto
carbon-coated formvar grids. The EXO sample-loaded grids were stained with
saturated aqueous uranyl, and then examined with a JEOL 1200EX electron mi-

croscope at 60 kV.

2.6. Western Blot Analysis

Cell lysates (10 pg/well) were loaded onto 12% acrylamide gels, subjected to so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and sub-
sequently transferred onto nitrocellulose membranes (Millipore, Bedford, MA).
Membranes were blocked with ODYSSEY blocking buffer (LI-COR Bioscience,
Lincoln, NE), immunoblotted with anti-gagAb, incubated withanti-goat IR-
DyeR800CW Ab, and then scanned using ODYSSEY instrument according to

manufacturer’s instruction (LI-COR Bioscience).

2.7. Flow Cytometric Analysis

DCs were stained with a panel of Abs and analyzed by flow cytometry [13]. To
assess OVA/Tat-Texo- and Gag/Tat-Texo-stimulated CTL responses, the blood
samples harvested from OVA/Tat-Texo-immunized B6 and Gag/Tat-Texo-
immunized HLA-A2 mice (8 mice per group) 6 days post immunization were
stained with FITC-conjugated anti-CD8 Ab (FITC-CD8) and PE-Tetramers (I,
II and II), and with FITC-conjugated anti-CD8 Ab (FITC-CD8) and PE-conju-
gatedanti-CD44 Ab (PE-CD44), respectively, and analyzed by flow cytometry.

2.8. Cytotoxicity Assay

The in vivo cytotoxicity assay was performed as previously described [22]. Brief-
ly, splenocytes were harvested from naive B6 or HLA-A2mouse spleens and in-
cubated with either high (3.0 uM, CFSE"®") or low (0.6 uM, CFSE"") concentra-
tions of carboxy-fluorescein succinimidyl ester (CFSE), to generate differentially
labeled target cells. The CFSE"®" cells were pulsed with OVA,;, ¢, or Gagye.s,
peptide, whereas the CFSE"" cells were pulsed with irrelevant Mutl or HER2
peptide, and served as internal controls. These peptide-pulsed target cells (10 x
10° cells/mouse) were i.v. co-injected at 1:1 ratio into OVA/Tat-Texo-immu-
nized B6 or Gag/Tat-Texo-immunized HLA-A2 mice six days after the immuni-
zation. Sixteen hours later, the residual OV A-specific or Gag-specific CFSE"¢"
and irrelevant control CFSE"" target cells remaining in the recipients’ spleens

were analyzed by flow cytometry.

2.9. Animal Studies

To examine the therapeutic antitumor immunity conferred by Gag/Tat-Texo
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vaccine, the transgenic HLA-A2 mice (10 mice per group) were first injected i.v.
with 0.5 X 10° BL6-10g,,, cells. Six days after tumor cell inoculation, HLA-A2
mice were injected i.v. with Gag/Tat-Texo or Gag-Texo (2 x 10° cells/mouse).
The mice were sacrificed 3 weeks after tumor cell injection, and metastatic tu-
mor colonies were counted in lungs in a blind fashion. Metastases on freshly
isolated lungs appeared as discrete black pigmented foci that were easily distin-
guishable from normal lung tissues and confirmed by histological examination.

Metastatic foci too numerous to count were assigned an arbitrary value of >300.

2.10. Statistic Analyses

Statistical analyses were performed using the Student ¢ test for comparison of
variables from different groups. A value of p < 0.05 was considered to be statis-

tically significant.

3. Results

3.1. Generation of the Transgene Tat-Engineered OVA/Tat-Texo
Vaccine

We used a recombinant DNA technology to construct a recombinant OV A and
Tat (OVA/Tat)-expressing adenovirus (AdV gy, 1, (Figure 1). We then infected
B6 mouse bone marrow-derived DCs with AdVy, and AdVyur. to produce
DCqya and DCqyp e We showed that DCqyar expressed cell surface DC
marker CD11c, transgene OVA and DC maturation markers Ia” and CD80 by
flow cytometry (Figure 2(a)), indicating that DCqy,r, are matured immuno-
genic DCs. DCgy, expressed similar pattern of the above molecules (data not
shown). In addition, expression of cytoplasmic Tat was also confirmed in
DCgyarat by Western blot analysis (Figure 2(b)). Following this assessment, we
then purified EXOs from cell culture supernatants of DCgy, and DCqy 7. by
differential ultracentrifugation, as previously described [13]. We demonstrated
by electron microscopy that EXOs had a typical exosomal characteristic of

“saucer” or round shape with a diameter between 50 - 90 nm (Figure 2(c)), and

Encapsidation Signal AdVy
IRES Tat ANE1 AE3 RITR

polyA Pac |

Encapsidation Signal AdVGag/Tat
IRES Tat A E1 AE3 RITR

polyA Pac |

Figure 1. Schematic representation of adenoviral (AdV) vectors, AdV,,r, and Advg,.r,. The E1/E3 depleted replica-
tion-deficient AdV is under the control of the cytomegalovirus (CMV) early/immediate promoter/enhancer. IRES, internal
ribosome entry site. ITR, inverted terminal repeat.
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Western blotting revealed expression of EXO marker CD9 [27] (Figure 2(d)).
We then generated the OVA-Texo and OVA/Tat-Texo vaccines using ConA-
stimulated B6 polyclonal CD8" T (ConA-T) cells armed with DCgy,- or
DCoya/ra-released EXOs, respectively, by incubating ConA-T cells with EXOs

for 2 hours, as previously described [13].

3.2. The Transgene Tat-Engineered OVA/Tat-Texo Vaccine
Broadens and Enhances OVA-Specific CTL Responses in
C57BL/6 Mice

To assess vaccine’s immunogenicity, we immunized B6 mice by i.v. injections
with the OVA/Tat-Texo or control OVA-Texo vaccine and measured OVA-
specific CTL responses six days post immunization by flow cytometry using PE-
tetramers (I, IT and III) that recognize T cell receptors (TCRs) specific for im-
munodominant, subdominant and cryptic OVA epitopes, respectively. We
found that the OVA/Tat-Texo vaccine stimulated more efficient CTL responses
for immunodominant and subdominant OV A epitopes (2.0% and 0.9%), when
compared to CTL responses (1.2% and 0.3%) triggered by the OV A-Texo vacci-
nation (Figure 3(a)). Interestingly, OV A/Tat-Texo, but not the OVA-Texo vac-
cine was able to stimulate some degree of CTL responses recognizing the cryptic
OVA epitope (Figure 3(a)). Next, we assessed the ability of OVA/Tat-Texo to
induce the differentiation of stimulated CD8" T cells into effector CTLs. We
adoptively transferred OV A,;, ¢, peptide-pulsed B6 splenocytes that had been
labeled with high concentration of CSFE (CFSE™#"), as well as the control Mutl
peptide-pulsed splenocytes that had been labeled with low concentration of
CFSE (CFSE"™) at 1:1 ratio, into recipient mice that had been vaccinated with

@) CD11c Ova lab CD80
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Figure 2. Phenotypic analysis of DCs and EXOs. (a) DCqy /e cells were stained with a
panel of antibodies (Abs) (solid lines) or isotype-matched irrelevant Abs (dotted lines),
and analyzed by flow cytometry. (b) Western blot analysis using lysates of DCqy /1, and
DCs and the anti-Tat Ab. (c) Electron micrograph of EXOgy /1, Scale bar: 100 nm. (d)
Western blot analysis of EXO gy a1 Using anti-CD9 Ab. One representative experiment of
two is shown.
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Figure 3. The OVA/Tat-Texo vaccine broadens and enhances OVA-
specific CTL responses. (a) B6 mice were i.v. immunized with OVA-
Texo, OVA/Tat-Texo or PBS. Six days after the immunization, tail blood
samples of the immunized mice were stained with PE-tetramer I, PE-te-
tramer II or PE-tetramer III, and FITC-anti-CD8 Ab, and analyzed by
flow cytometry. The value in each panel represents the percentage of
CD8* Tetramer® T cells in the total CD8" T cell population analyzed. (b)
In vivo cytotoxicity assay. Six days after immunization, the immunized
mice were i.v. injected with a mixture of CFSE"#" and CFSE"" -labeled
splenocytes (at 1:1 ratio) that had been pulsed with OVAI and irrelevant
Mutl peptide, respectively. After 16 hrs, the spleens of immunized mice-
were removed, and the percentages of the residual CFSE"¢" (H) and
CFSE"" (L) target cells remaining in the recipients’ spleens were analyzed
by flow cytometry. The value in each panel represents the percentage of
CFSE™¢" vs. CFSE"" target cells remaining in the spleen. The value in pa-
renthesis represents the standard deviation (SD). *P < 0.05 versus cohorts
of OVA-Texo. One representative experiment of two is shown.

OVA/Tat-Texo, OVA-Texo or PBS control. The transfer was performed at day 6
after immunization. Sixteen hours after the cell transfer, mouse splenocytes were

analyzed by flow cytometry. Thus, the loss of OV A-specific CFSE"" target cells
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represents the OVA-specific killing activity of CTLs in immunized mice. As ex-
pected, there was a substantial loss of the CFSE™®" target cells in the OVA-Texo-
and OV A/Tat-Texo-immunizedmice (73% and 82% respectively) (Figure 3(b)),
indicating that OV A/Tat-Texo-stimulated T-cells are functional effector CTLs
with OV A-specific cellular cytotoxicity. This observation also showed that the
OVA/Tat-Texo vaccine stimulates stronger functional CTL effector responses

than the OV A-Texo vaccine in B6 mice.

3.3. Generation of the Transgene Tat-Engineered Gag/Tat-Texo
Vaccine

We also constructed recombinant Gag and Tat (Gag/Tat)-expressing adenovirus
(AdVggra) by using recombinant DNA technology (Figure 1). We infected
and AdVg,gre0
and generated DCg,, and DCq,yr,. We showed that DCg,r,, expressed cell sur-
face DC marker CD11c, HLA-A2 and DC maturation markers Ia” and CD80 by

flow cytometry (Figure 4(a)), indicating that DCg,/r, are matured immunogenic

transgenic HLA-A2 mouse bone marrow-derived DCs with AdV,,

DCs. DCg,, expressed a similar pattern of these molecules (data not shown). In
addition, according to Western blotting analysis, DCq,/r, also expressed cytop-
lasmic Gag and Tat (Figure 4(b)). EXOs from culture supernatants of DCg,gry
were purified by differential ultracentrifugation, and used to generate Gag-Texo
and Gag/Tat-Texo vaccines based on ConA-stimulated HLA-A2 polyclonal
CD8" T (ConA-T) cells armed with DCg,,- or DCg,gr,-released EXOs, respec-
tively, by incubating T cells with EXOs for 2 hours.

3.4. The Transgene Tat-Engineered Gag/Tat-Texo Vaccine
Enhances CTL Responses in Transgenic HLA-A2 Mice

To assess vaccine’s immunogenicity, we immunized transgenic HLA-A2 mice
with the Gag/Tat-Texo vaccine or the control Gag-Texo vaccine, and measured
CTL responses 6 days after immunization by flow cytometry, using FITC-anti-
CD8 and PE-anti-CD44 antibodies for double staining [13] [14]. This approach
revealed that both Gag-Texo and Gag/Tat-Texo vaccines were capable of effi-
cient stimulation of proliferation of CTLs expressing T cell activation marker
CD44 (p < 0.05) (Figure 4(c)). Next, we assessed the ability of Gag/Tat-Texo to
induce the differentiation of stimulated CD8" T-cells into effector CTLs. We
adoptively transferred Gag,q, peptide-pulsed splenocytes that had been strongly
labeled with CSFE (CFSE"¢"), as well as the control HER2 peptide-pulsed sple-
nocytes that had been weakly labeled with CESE (CFSE"™") at 1:1 ratio, into reci-
pient mice that had been pre-vaccinated with either Gag/Tat-Texo or Gag-Texo.
The transfer was performed at day seven following the vaccinations. Sixteen
hours after the cell transfer, mouse splenocytes were analyzed by flow cytometry.
We found that there was substantial loss (53% and 68%) of the CESE™#" cells in
the Gag/Tat-Texo- and Gag-Texo-immunized HLA-A2 mice (Figure 4(d)), in-
dicating that Gag/Tat-Texo vaccine stimulated stronger functional CTL effector

responses than Gag-Texo vaccine in transgenic HLA-A2 mice.
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Figure 4. The Gag/Tat-Texo vaccine enhances Gag-specific CTL responses and therapeutic immunity in transgenic HLA-
A2 mice. (a) Phenotypic analyses of DCg,yrye DCoygry Were stained with a panel of Abs (solid lines) or isotype-matched
irrelevant Abs (dotted lines), and analyzed by flow cytometry. (b) Western blot analysis using lysates of DCGag/Tat and
DCs and the anti-Gag and anti-Tat Abs. (c¢) HLA-A2 mice were i.v. immunized with Gag-Texo, Gag/Tat-Texo or PBS. Six
days after the immunization, tail blood samples of the immunized mice were stained with PE-anti-CD44 and FITC-anti-
CD8 Ab, and analyzed by flow cytometry. The value in each panel represents the percentage of CD8" CD44" T cells in the
total CD8" T cells analyzed. (d) /n vivo cytotoxicity assay. Six days after immunization, the immunized mice were i.v. in-
jected with a mixture of CFSE™$" and CFSE™"-labeled splenocytes (at 1:1 ratio) that had been pulsed with Gag, 4, or irre-
levant Mutl peptide, respectively. After 16 hrs, the spleens of immunized mice were removed, and the percentages of the
residual CFSE"e" (H) and CFSE"" (L) target cells remaining in the recipients’ spleens were analyzed by flow cytometry.
The value in each panel represents the percentage of CFSE"" vs. CFSE"" target cells remaining in the spleen. (e) To assess
therapeutic immunity, HLA-A2 mice were i.v. injected with BL6-10Gag/A2 melanoma cells. Six days after tumor chal-
lenge, mice were vaccinated with Gag-Texo, Gag/Tat-Texo or PBS. The mice were sacrificed 3 weeks after tumor cell chal-
lenge. The average number metastatic tumor colonies were counted in lungs. The value in parenthesis represents the
standard deviation (SD). ** P < 0.01 versus cohorts of Gag-Texo. One representative experiment of two is shown.

3.5. The Transgene Tat-Engineered Gag/Tat-Texo Vaccine
Enhances Gag-Specific Therapeutic Immunity in
Tumor-Bearing Transgenic Mice

To assess a potential therapeutic effect of Gag/Tat-Texo, we first challenged
HLA-A2 mice with BL6-10,4,, melanoma cells expressing cell surface HLA-A2
and cytoplasmic Gag [22]. Six days after tumor cell challenge, mice were immu-
nized with Gag/Tat-Texo, Gag-Texo or PBS, respectively. Three weeks after tu-
mour challenge, we found that, three out of ten (3/10) Gag/Tat-Texo-immu-

nized mice were free of metastatic tumors in lungs, in contrast to Gag-Texo-
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immunized mice that all (10/10) carried lung tumor metastasis (Figure 4(e)). In
addition, an average number (32/lung) of lung tumor colonies in seven Gag/
Tat-Texo-immunized micewas also significantly lower than that (78/lung) in
Gag-Texo-immunized mice (Figure 4(e)), indicating that the Gag/Tat-Texo
vaccine induces more efficient therapeutic immunity than Gag-Texo without Tat

expression.

4. Discussion

CD8" CTLs capable of recognizing some conserved and cross-strain epitopes
[17] [28] play a critical role in controlling HIV-1 proliferation [29], acute phase
of infection and disease progression even in the absence of neutralizing Abs [7]
[30]. Dendritic cells (DCs), the most potent antigen presenting cells (APCs) ca-
pable of stimulating efficient CTL responses have been used for vaccine devel-
opment [31]. DCs expressing HIV-1 Gp120 and Gag have been used as vaccines
to stimulate HIV-1-specific CTL responses in animal models [32] [33]. HIV-1-
specific DC vaccines have been also assessed in clinical trials [33] [34]. However,
these vaccines stimulated only very low levels of CTL responses and immunity in
patients [35], warranting the search for other more efficient vaccination strate-
gies.

Among HIV early regulatory proteins (Tat, Rev and Nef), Tat protein pos-
sesses immunomodulatory and adjuvant properties that can be advantageous in
vaccine development [23]. For example, the Tat protein can efficiently enter DCs
via binding to RGD-binding integrin receptor and activate the proteasomes,
leading to increased antigen presentation and DC maturation [36] [37], direct
DCs to induce predominantly Thl responses, favoring stimulation of CTL im-
munity [38] and enhance, as well as broaden CTL responses to Gag and Gp120
in DNA vector- or protein-based vaccinations [39] [40] [41] [42].

We recently demonstrated that the OV A-Texo vaccine directly converted CTL
exhaustion independent of the host CD4" T cell help v7a its CD40L signaling ac-
tivation of the mTORCI1 pathway, and the Gag-Texo vaccine stimulated Gag-
specific therapeutic immunity against Gag-expressing BL6-10;,, melanoma lung
metastases in AdVy,-induced chronic infection [43]. In this study, we provide
the first evidence that Tat enhances CTL responses and therapeutic immunity in
T cell-based vaccines. We demonstrate that the transgene Tat-engineered OVA/
Tat-Texo vaccine not only enhances OVA-specific CTL responses, but also
broadens their recognition to the cryptic OVA epitope. This is further supported
by the evidence that Tat also enhances Gag-specific CTL responses derived from
the Gag/Tat-Texo vaccination, suggesting that Gag/Tat-Texo-stimulate Gag-
specific CTL responses may also eradicate HIV-1-infected cells if the vaccine is
applied to HIV-1 patients. Importantly, the Gag/Tat-Texo vaccine further sti-
mulates more efficient therapeutic immunity than Gag-Texo in transgenic
HLA-A2 mice bearing 6 day-established HLA-A2/Gag-expressing BL6-10g,4,
melanoma lung metastases. We thus, assume that our transgene Tat-engineered

EXO-targeted T cell-based vaccine might more efficiently convert CTL res-
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ponses and stimulate Gag-specific therapeutic immunity in chronic infection. To
assess our assumption, similar vaccination experiments using the OVA/Tat-
Texo and Gag/Tat-Texo vaccines, are underway in our laboratory in our recently

described chronic infection model [43].

5. Conclusion

Our novel transgene Tat-engineered Gag/Tat-Texo vaccine capable of directly
stimulating efficient Gag-specific CTL responses and potent therapeutic immun-
ity in transgenic HLA-A2 mice may be useful as a new immunotherapeutic vac-
cine for controlling virus in HIV-1 patients with CD4" T cell deficiency, who are

being subjected to the antiviral drug therapy.
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