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Background:
Melanocyte differentiation antigens (MDAs) are attractive
candidates as targets for melanoma vaccines because of their
specific expression pattern. However, since they are self
antigens expressed by malignant cells as well as their normal
counterpart, priming adaptive immune responses is
challenging. In addition, growing tumors exert active
immunosuppressive mechanisms that hamper immune
responses at different levels. Thus the goal of eliciting effector
MDA-specific immune responses able to exert anti-tumor
effects in patients or pre-clinical models of established
melanoma has been even more elusive. It is therefore critical
to develop new strategies to deliver MDAs that increase their
immunogenicity and lead to better immuno-therapeutic
effects.
An alphavirus replicon vector system was evaluated here as a
potential melanoma immunotherapy. Propagation-defective
virus-like replicon particles (VRP) based on an attenuated
strain of Venezuelan equine encephalitis (VEE) virus were
chosen, based on their property to express heterologous
proteins to high levels and target expression to dendritic cells
in vivo. VRP vaccines have been shown to elicit both humoral
and cellular immune responses to the heterologous gene
products in many animal disease models and in phase I/II
clinical trials.
The efficacy of VRP expressing different melanoma associated
antigens in protecting against melanoma was examined. To
this end we used the highly aggressive and poorly
immunogenic B16 transplantable mouse melanoma model.
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Conclusions :
The antitumor efficacy of VRP expressing the
melanocyte differentiation antigens tyrosinase,
gp100 or TRP-2/DCT was examined against
challenge with the poorly immunogenic and
highly aggressive B16 murine melanoma.
TRP-2/DCT-expressing VRP were the most
effective in delaying tumor occurrence as
compared to the other antigens tested in a
prophylactic tumor challenge model.
TRP-2/DCT-expressing VRP were also effective
in eradicating established B16 tumors both in
the lung and in the skin. The effect of the
treatment was significant when started as late
as day 5 after tumor challenge.
Both TRP2/DCT-specific CD8+ T cells and
serum IgGs are induced after vaccination with
TRP-2/DCT-expressing VRP. In addition, the
percentage of CD8+ cells infiltrating the tumor
was significantly higher in VRP-TRP2 vaccinated
mice as compared to controls.
However, effector CD8+ T cells or CD4+ T cells
alone are not necessary for tumor protection,
in fact VRP-TRP2 immunized mice are still
protected against tumor challenge when these
T cell populations are depleted after
vaccination. NK and NKT cells are also non
required for tumor protection.
These studies demonstrate that VRP vaccines
present a promising approach for melanoma
immunotherapy, possibly through a novel
mechanisms that may involve both T and B cell
responses.
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TRP-2/DCT expressing VRP protect from tumor challenge in a therapeutic setting.
Here the efficacy of VRP-TRP2 was evaluated in two different therapeutic settings. VRPs treatments were started one day
after challenge with 7.5 x 104 B16 cells (see schedule above).
Upper left. In the cutaneous treatment model B16 cells are injected intradermally, as in Figure 1. Tumor occurrence was
monitored every 2/3 days. Tumor free survival is reported.
Upper right. In the lung treatment model B16 cells are injected intravenously and grow primarily in the lung, where they
rapidly form nodules. 24 days after tumor challenge, mice were sacrificed and lungs analyzed for the presence of lung
nodules. Lung weight is reported and a representative picture.
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CD4+ and CD8+ T lymphocytes and NK/NKT cells alone are not required for tumor protection.
Having observed that the VRP-TRP2 vaccine elicits both a CD8+ T and B cell response, we are currently investigating
which arm of the adaptive immune response is more relevant in mediating tumor protection. In the experiment
reported here we have vaccinated the mice as per schedule above, after the last immunization but prior to tumor
inoculation we have depleted CD8+ or CD4+ T (upper panel) or NK/NKT cells (lower panel) by administering
depleting antibodies.
These experiments suggest that the anti-tumor effect of VRP-TRP2 does not depend on one of these cell
populations alone.

1. Comparison of VRPs expressing different  
differentiation antigens

2. VRP-TRP2 in therapeutic setting 3. Treatment of more advanced tumors

4. CD8+ T cell and B cell  responses to VRP-TRP2 5. Characterization of the tumor infiltrate 6. Imune cells involved in tumor protection
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TRP-2/DCT expressing VRP protect from tumor challenge.
We first asked which one of the three melanoma differentiation antigens
tyrosinase, gp100 or TRP-2/DCT shows a better tumor protection when
administered in the form of VRP. For this purpose, groups of 10 mice were
vaccinated according to the schedule above, and then challenged intradermally
with 7.5 x 104 B16 cells on the right flank. In two independent experiments we
observed that VRP-TRP2 protects significantly better than VRP-tyrosinase and
VRP-gp100 (upper panels).
Then we tested whether combining the three different VRP preparations (VRP-
tyr, VRP-gp100, VRP-TRP2) had a better effect than using VRP-TRP2 alone. The
combination of the three different antigens did not increase the efficacy of VRP-
TRP2 when administered as a single agent (left panel).
In the following experiments we focused on TRP2-expressing VRPs.

TRP-2/DCT expressing VRP cure established B16 tumors.
Here the efficacy of VRP-TRP2 was examined in the cutaneous treatment model in mice bearing more
advanced B16 tumors, by starting the treatments at different time points after B16 cells injection.
Groups of 15 mice were either left untreated (naïve), treated with VRP-GFP weekly from day 1, or
treated with VRP-TRP2 weekly starting from day 1, day 3 or day 5 (as depicted in the schedule above)..
Tumor free survival is reported.
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TRP-2/DCT expressing VRP induce TRP2-
specific CD8+ T cell responses and
antibodies.
Here we have examined the TRP2-specific
adaptive immune responses induced by the
VRP-TRP2 vaccine, focusing on CD8+T cells
and antibodies.
Upper panels - ELISPOT: Mice were either
treated with VRP-TRP2, VRP-GP100 or left
untreated. At week 5 CD8+ T cells were
purified from the spleen and re-stimulated
with gp100-15 peptide, TRP2-181 peptide,
irradiated B16 cells or left non re-stimulated
(n.r.). IFNγ secreting CD8+ T cells were
analyzed by ELISPOT assay. Each dot
represents and individual mouse, mean and
SEM are also reported.

These experiments indicated that VRP-TRP2 induce CD8+ T cells specific for the 181 epitope and that recognize B16 cells.
VRP-GP100 is also able to activate gp-100 specific CD8+ T cells, but these cells are unable to recognize B16 cells. Tumor
specific CD8 t cell responses induced by VRP-TRP2 are significantly higher than those induced by VRP-GP100.
Lower panel - ELISA: 5 weeks after the last vaccination sera were drawn from peripheral blood and analyzed by standard
ELISA. On the x-axes is indicated the dilution of the sera (titer). Each symbol represents an individual mouse. This
experiment is representative of several. VRP-TRP2 induce a detectable antibody response specific for TRP2.

Tumor protection correlates with an unbalance in the tumor inflammatory infiltrate.
The quality of the tumor infiltrate was then characterized. For this purpose, VRP-TRP2 vaccinated mice were challenged with B16 cells in
matrigel. 7 days later, matrigel plugs were resected and analyzed by flow cytometry.
Upper panels. A picture of the matrigel plugs is reported on the left panel. Cells collected from the matrigel plugs were stained for the pan-
leukocyte marker CD45.2 and DAPI, to quantify the immune cells present within the tumor bed. Dot plots depicting each matrigel plug are
reported (center panel) and a chart summarizing the % of immune infiltrate (right panel).
Lower panels. Cells collected from the matrigel were stained for the markers CD3, NK1.1, CD4, CD8, CD19, CD11c. Different immune cell
populations were defined as indicated in the dot plots (left panel). The percentage of each cell population within the total immune infiltrate, for
each of the indicated treatment, is summarized in the pie charts (right panel). Numbers indicate the average of 4 tumors per group analyzed ±
dvstd.
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