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Abstract
A major challenge for developing effective therapeutic vaccines against cancer is overcoming
immunological tolerance to tumor-associated antigens that are expressed on both malignant cells and
normal tissues. Herein, we describe a novel vaccination approach, TriVax that utilizes synthetic
peptides representing CD8 T cell epitopes, Toll-like receptor (TLR) agonists that function as a potent
immunological adjuvants and costimulatory anti-CD40 antibodies to generate large numbers of high
avidity antigen-reactive T cells capable of recognizing and killing tumor cells. Our results show that
TriVax induced huge numbers of long-lasting antigen specific CD8 T cells that displayed significant
anti-tumor effects in vivo. The administration of a TriVax formulation containing a CD8 T cell epitope
derived from a melanosomal antigen (Trp2180-188) elicited antigen-specific CD8 T cells that induced
systemic autoimmunity (vitiligo). More important, TriVax immunization was effective in eliciting
potent protective anti-tumor immunity as well as remarkable therapeutic effects against established
B16 melanoma. This therapeutic effect was mediated by CD8 T cells via perforin-mediated lysis and
required the participation of type I-IFN but not IFNγ. These results suggest that similar strategies
would be applicable for the design of effective vaccination for conducting clinical studies in cancer
patients.

Introduction
There is substantial evidence that the immune system and in particular CD8 T cells have the
ability to recognize and in some instances eliminate tumor cells (1–3). CD8 T cells recognize
tumor antigens of the surface of tumor cells as complexes formed by small peptides that
associate with MHC class I molecules (4). These T cell epitopes are derived from the processing
of proteins synthesized by the tumor cells (5,6). Numerous factors will determine whether a
peptide can act as a tumor-reactive T cell epitope and function as a tumor rejection antigen.
Most importantly is whether the peptide is produced by the endogenous antigen-processing
pathway and can bind with sufficient strength to MHC class I molecules to be expressed on
the surface of the tumor cell to interact with CD8 T cells. In addition, peptides derived from
non-mutated proteins expressed on normal tissues may not be very immunogenic due to their
propensity to induce immunological tolerance. Nevertheless, it appears that the mechanisms
governing immune tolerance are not flawless and that in many instances auto-reactive CD8 T
cell precursors can escape deletion or immune suppression and that when activated
appropriately, potent autoimmune or anti-tumor responses can be generated. Several
investigators including our group have considered using synthetic peptides representing CD8
T cell epitopes as vaccines for treating established tumors. Numerous studies that have
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evaluated synthetic peptide vaccines for cancer both in humans and in animal models have
yielded rather disappointing results with respect to their anti-tumor effects indicating that
peptides per se, are not very immunogenic (7–9). This conclusion is supported by the
measurements of antigen-specific CD8 T cell responses induced by these vaccines, where in
the majority of cases less than 1% of all CD8 T cells were shown to be antigen-specific. The
inadequate performance of synthetic peptide-based vaccines may be due to the use of
suboptimal immune adjuvants, which in most instances fail to activate the immune system
resulting in T cell ignorance or worse, in the induction of T cell anergy (10,11). The present
studies were originated from the presumption that in order to achieve highly effective anti-
tumor effects, peptide vaccines must be capable of generating CD8 T cell responses of a
magnitude similar to those responses observed during acute infections where 10–50% of all
CD8 T cells are antigen-specific. We present here evidence that with the appropriate
combination of Toll-like receptor ligands (TLR-Ls) and costimulatory agonists it is possible
to achieve these high levels of CD8 T cell responses using synthetic peptides as antigen. The
intensity and duration of T cell responses reported here have not been observed with the use
of any type of subunit vaccine and can only be compared to the results obtained with adoptive
T cell therapy, which in many cases still requires subsequent vaccination and high dose IL-2
to achieve anti-tumor effects (12,13). More importantly, our results show that this vaccination
strategy was highly effective in a mouse model of melanoma where the employed CD8 T cell
epitope represents a peptide derived from a tissue differentiation product expressed by normal
melanocytes. We believe that the results from these preclinical studies open a new venue to
developing effective peptide vaccination strategies in human patients.

Materials and Methods
Mice and cell lines

Female C57BL/6 (B6), IFNγ-deficient (IFNγ−/−) and perforin-deficient (Prf−/) mice were
purchased from The Jackson Laboratory (Bar Harbor, ME). IFNαβ receptor-deficient
(IFNαβR−/−) were a generous gift of Dr. Philippa Marrack (National Jewish Medical and
Research Center, Denver, CO). All animal care and experiments were conducted according to
our institutional animal care and use committee guidelines. The murine melanoma cell line
B16F10 was provided by Dr. Jose Guevara (University of Chicago, Chicago, IL). The B16F10-
Kb− cell line is a variant of B16F10 previously selected in our laboratory, which does not
express H-2Kb molecules (but expresses H-2Db) even after treatment with IFNγ (using 100
ng/ml for 24 h). EL4 and its Ova-transfected variant EG7 were obtained from the American
Type Culture Collection (ATCC, Manassas, VA).

Peptides, antibodies, and tetramers
Synthetic peptides representing H-2Kb-restricted CD8 T cell epitopes, Trp2180–188
(SVYDFFVWL), Ova257–264 (SIINFEKL) and Ova55–63 (KVVRFDKL) were purchased from
A&A Labs (San Diego, CA). Rat anti-mouse CD40 monoclonal antibody (anti-CD40 mAb),
was prepared from the FGK45.5 hybridoma. PE-conjugated H-2Kb/Ova257–264 tetramer was
purchased from Beckman Coulter (Fullerton, CA). H-2Kb/Trp2180–188 tetramer was provided
by the NIAID Tetramer Facility (Atlanta, GA).

Immunizations
For TriVax immunizations mice were immunized i.v. (unless otherwise noted) with a mixture
of 200 μg peptide, 50 μg anti-CD40 mAb and a TLR-L (50 μg poly-IC, 100 μg CpG-1826, 30
μg LPS, 100 μg Gardiquimod (GDQ), or 25 μg FSL1). CpG-1826 was prepared by the Mayo
Clinic Molecular Core Facility. Poly-IC (Hiltonol™, a clinical grade stabilized formulation
containing poly-L-lysine and carboxymethyl cellulose) was provided by Dr. Andres Salazar
(Oncovir, Inc., Washington, DC). LPS, GDQ, and FSL1 were purchased from InvivoGen, (San
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Diego, CA). In some instances mice received s.c. vaccination with peptide in PBS or emulsified
in IFA in addition with anti-CD40 mAb and poly-IC, which were also injected s.c. in close
proximity to the peptide.

Evaluation of cellular immune responses
For tetramer staining, either blood, or splenocytes were stained with FITC-conjugated MHC
class II, PerCP Cy5.5-conjugated CD8a (both from eBioscience, San Diego, CA), and PE-
conjugated Kb/peptide tetramers for 40 min in ice. Fuorescence was evaluated using a
FACSCalibur flow cytometer (BD Biosciences, San Jose, CA). For detection of cytokine-
secreting CD8 T cells, enzyme-linked immunosorbent spot (EliSpot) assays (IFNγ or TNFα)
were performed as described previously (14) using purified CD8 T cells. For cytotoxicity
determinations, conventional 5-h chromium release assays were performed using freshly
isolated CD8 T cells (effectors) against various target cells that were labelled with 51Cr in
triplicate using various effectors to target ratios.

Anti-tumor effects
To assess the efficacy of vaccination in the prophylactic setting, previously immunized mice
were challenged with 3 × 105 B16F10 cells injected through the tail vein 12 days after the last
vaccination. To study the therapeutic effects of vaccination, mice first received an i.v. tumor
inoculation (3 × 104, 1 × 105 or 3 × 105 B16F10 cells) and 3 to 7 days later (depending on the
specific experiment) the mice received their first immunization. Anti-tumor effects were
evaluated by the examination and measurements of lung tumor nodules and lung weights
approximately 4 weeks after tumor injections (when the mice in the unvaccinated control group
started to appear ill). In some experiments the anti-tumor effects were evaluated by survival
measurements (time to euthanasia). In all instances groups of mice consisted of 8 animals per
group. For in vivo cell depletions (NK, CD4 or CD8 T cells), mice received the following mAbs
via i.p. injections: Anti-NK (clone PK136) 300 μg/injection, anti-CD4 (clone GK1.5) 300 μg/
injection and anti-CD8 (clone 2.43) 500 μg/injection. Depletions were confirmed by analysis
of blood samples using flow cytometry (data not presented). In some instances, survivor mice
were re-challenged s.c. in the posterior flank with either B16F10 or B16F10-Kb− cells (5 ×
105/mouse). Tumor growth was monitored every 2–4 days in individual tagged mice by
measuring 2 opposing diameters with a set of callipers. Results are presented as the mean tumor
size (area in mm2) ± SD for every treatment group at various time points until the termination
of the experiment.

Statistical analyses
Statistical significance to assess numbers of antigen specific CD8 T cells (EliSpot or tetramer
analyses), absolute number of lung tumor nodules, lung weights, and tumor sizes were
performed using Student’s t tests or two-way ANOVA. Statistical significance for survival was
established by Kaplan-Mayer curves using log-rank tests. All analysis and graphics were done
using GraphPad Prism (San Diego, CA).

Results
Peptide immunization can induce large numbers of long-lasting and functional antigen
specific CD8 T cells

It has been reported that the use of agonistic monoclonal antibodies (mAb) specific for CD40
is capable of increasing T cell responses resulting from various types of immunizations
including peptide vaccines (15–17). It is believed that anti-CD40 mAb functions as an adjuvant
by preventing the induction of T cell anergy that peptides can induce when presented to CD8
T cells by non-professional APC. However, we have observed that the CD8 T cell responses
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generated in mice immunized with soluble peptide and anti-CD40 mAb exhibit clear signs of
T cell anergy since a subsequent booster peptide immunization, even in the presence of anti-
CD40 mAb, was unable to elicit a significant secondary immune response (H. Cho,
unpublished). In view of this, we evaluated whether the use of Toll-like receptor ligands (TLR-
Ls) would improve the immune response of peptide vaccination administered with anti-CD40
mAb. As shown in Figure 1A, the addition of a TLR-L to a vaccine consisting of peptide
Ova257–264 and anti-CD40 mAb increased from 2–3 fold induced the levels of antigen-specific
CD8 T cells observed in blood 6 days after the administration of the vaccine. Vaccination with
peptide alone or peptide with either of these TLR-Ls w/o anti-CD40 mAb generated less than
0.5% tetramer positive cells (data not shown). An identical booster immunization was applied
on day 21 and the levels of antigen-specific CD8 T cells in blood were monitored every ~20
days. The data in Figure 1B indicate that only 3 of the 5 TLR-Ls (poly-IC, GDQ and LPS)
were able to elicit secondary CD8 T cell responses. These results indicate that peptide
immunization with a vaccine containing 3 components: synthetic peptide anti-CD40 mAb and
poly-IC, from hereafter referred to as TriVax generates antigen-specific CD8 T cells that are
capable of dramatically expanding upon a booster immunization.

Evaluation of TriVax using a peptide representing a CD8 tumor epitope
Next, we evaluated TriVax using a CD8 peptide epitope derived from the melanosomal
tyrosinase-related protein 2 (Trp2, also known as dopachrome tautomerase). Trp2180–188
functions as an H-2Kb restricted CD8 T cell epitope expressed by B16 melanoma (18,19).
Trp2180–188-TriVax immunization induced a strong primary CD8 T cell response that could
be increased by ~3-fold with a subsequent TriVax boost (Fig. 2A). The functional activity of
CD8 T cells isolated from spleens was demonstrated in EliSpot assays (Fig. 2B). These
responses were evident not only against peptide-pulsed APC but also towards B16 melanoma
cells. Freshly isolated spleen CD8 T cells (w/o further peptide restimulation) were shown to
high levels of cytotoxic activity (Fig. 2C). The levels of antigen-specific CD8 T cells in blood
could be further increased (to 40–60% tetramer positive) when the mice received additional
immunizations, remaining high for several months and presumably were responsible for the
generation of extensive vitiligo (supplementary Fig. S1).

Next, we assessed whether the CD8 T cells generated with TriVax immunization would be
capable of displaying in vivo anti-tumor effects. Mice received various modes of TriVax and
12 days after the last immunization they were challenged with B16 cells. We also compared
the anti-tumor efficacy of a single immunization versus a prime/boost. The results indicate that
TriVax with Trp2180–188 offered significant protection against B16 and that the prime/boost
protocol was more effective than a single immunization (Fig. 2D).

Therapeutic effects of TriVax against established B16 melanoma
Next, we studied whether TriVax would offer a therapeutic benefit against established B16
tumors. Mice received an intravenous injection of B16F10 cells and 3 days later the
vaccinations were initiated. On day 24, when the control mice appeared sick, all mice were
euthanatized and their lungs were evaluated for the presence of tumors. As shown in Figure
3A, the lungs from mice that received Trp2180–188-TriVax had little evidence of disease as
compared to the control mice. Furthermore, the mice that received the Trp2180–188-TriVax had
high levels of antigen-specific CD8 T cells while the mice that received the Ova55–63-TriVax
did not have any detectable Trp2180–188-specific CD8 T cells (Figs. 3B and 3C). We also
evaluated the therapeutic effects of Trp2180–188-TriVax against established (7-day) s.c. B16
tumors. Although no tumor rejections were obtained in this more challenging model, a
significant reduction in the tumor growth rate was observed (supplementary Fig. S2). The anti-
tumor effects of TriVax were evaluated against more established tumors. Significant anti-tumor
effects were still observed when mice received their first immunization either 5 or 7 days after
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the i.v. tumor inoculation (supplementary Fig. S3). However, the lungs from the Trp2180–188-
TriVax mice on day 7 had some evidence of small tumor nodules, even though these mice
exhibited large numbers of antigen-specific CD8 T cells (supplementary Fig. S3).

Vaccination with peptides can induce T cell anergy, especially when the peptides are
administered in soluble form via an i.v. route. To avoid this problem, peptides are administered
via a s.c. route, formulated in a water-in-oil emulsions such as incomplete Freund’s adjuvant
(IFA). Thus, we compared the therapeutic anti-tumor responses of the conventional TriVax
i.v. immunization with a TriVax modification where the peptide was injected s.c. in IFA and
where the poly-IC and anti-CD40 mAb were also injected in close proximity to the peptide
emulsion. The s.c. administration of Trp2180–188/IFA-TriVax exhibited some therapeutic
benefit but was not as effective as the i.v. Trp2180–188-TriVax (Fig. 4A). These results may be
explained by the differences of the Trp2180–188-specific CD8 T cell responses observed with
these vaccines (Figs. 4B and 4C). Suboptimal anti-tumor effects were also obtained when
TriVax formulated with soluble peptide (no IFA) was administered via a s.c. route as compared
to the i.v. route (supplementary Fig. S4), indicating that systemic administration of the vaccine
was important to generate a therapeutic effect.

TriVax was evaluated for its survival benefit of in the pulmonary B16 tumor model. The results
shown in Figure 5A demonstrate that with a high tumor dose, TriVax increased the medium
survival by ~25 days, but by day 58 all the mice perished. However, the survival advantage of
TriVax was enhanced when the tumor dose was decreased. Interestingly, post-mortem
examination of the Trp2180-188-TriVax immunized mice that died in these experiments
revealed only few, if any, lung tumor nodules (supplementary Fig. S5). However, in some
instances tumors developed in the peritoneal cavity or in the pericardium (not shown). To assess
the presence of long-term immunity, the surviving TriVax immunized mice were rechallenged
with a s.c. B16 injection. Half of the mice received B16F10 cells and the other half were
challenged with a B16F10 tumor variant that does not express the H-2Kb molecule (B16F10-
Kb−). None of the immune mice developed tumors when rechallenged s.c. with B16F10 cells
(Fig. 5B). On the other hand, the mice challenged with the B16F10-Kb− cells developed tumors
but the growth rate was significantly slower than the control group that was challenged with
the same tumor suggesting that these mice may have acquired additional anti-tumor immune
mechanisms (antibodies, CD4 T cell responses or H-2Db-restricted CD8 T cell epitope)
capable of decreasing growth of tumors not expressing the H-2Kb-restricted Trp2180–188 CD8
epitope.

Evaluation of the immune effector mechanisms of TriVax
Lastly we assessed the roles of various immune effector cells such as NK and CD4 T cells that
could participate in the induction of the CD8 T cell response and/or synergize with CD8 T cells
in fighting the established tumors. Depletion of either CD4 T cells or NK cells had no significant
deleterious effect in the survival advantage provided by TriVax while depletion of CD8 T cells
completely abolished the anti-tumor effects (Fig. 6A). CD8 T cells can exert their anti-tumor
effect via numerous effector mechanisms such as perforin mediated cytolysis (20) and IFNγ
(21–23). In addition, type-I IFN has been implicated as being critical in CD8 T cell responses
(24). Thus, the efficacy of Trp2180–188-TriVax was evaluated in mice deficient for perforin,
IFNγ, or type-I IFN receptor. The therapeutic benefit of TriVax was absent in mice that lack
perforin or type-I IFN receptor, indicating that these molecules are crucial for the rejection of
established tumors (Fig. 6B). Conversely, an increase in the therapeutic effect of
Trp2180–188-TriVax was observed in mice deficient for IFNγ, suggesting that this cytokine
may somehow inhibit the function of CD8 T cells in this model. Cell-mediated cytotoxicity
assays revealed that the IFNαβR−/− mice had decreased CD8 T cell activity as compared to B6
WT mice, while the IFNγ-deficient mice had slightly higher levels of activity (Fig. 6C). A
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similar pattern was observed when CD8 T cells in these mice were evaluated by tetramer
analysis (supplementary Fig. S6). Overall, these results demonstrate that the anti-tumor effect
of Trp2180–188-TriVax in this tumor model is mostly derived from perforin-mediated lysis of
tumor cells by CD8 T cells.

Discussion
The development of T cell-based immunotherapy for cancer continues to be a major challenge
and one of the top priorities for tumor immunologists. The most clear and dramatic example
showing that T lymphocytes can eliminate large tumors come from studies using adoptive T
cell therapy (12,25). Adoptive T cell therapy usually requires the administration of high doses
of IL-2 and in many instances lymphoablation and a subsequent strong immunization (e.g.,
recombinant vaccinia) to achieve anti-tumor effects (13). Under these conditions, very high
numbers of antigen-specific T cells are achieved, which rarely can be observed with any
conventional vaccines w/o the use of adoptive T cell transfers. Numerous homeostatic
mechanisms operate in the immune system to ensure that numbers T cells for various antigenic
specificities increase (expansion phase) when required to combat disease and later decrease
(contraction phase) when the threat subsides and are no longer needed (26). To successfully
combat infections the immune system overrides homeostasis allowing huge expansion of
pathogen-specific T lymphocytes (27). The majority of the peptide-based vaccines fail to
generate the vast CD8 T cell responses obtained by adoptive T cell therapy/lymphoablation or
observed during acute infections and therefore it is not surprising that these perform poorly
against tumors.

We present here the results of our attempts to design and implement a peptide vaccination
strategy that mimics an acute infection generating CD8 T cell responses of the magnitude
observed in such infections and achieved by adoptive T cell therapy. We assessed the adjuvant
activity of 5 compounds known to stimulate different TLR family members. After primary
immunization, all of the TLR-L tested significantly increased the levels of antigen specific
CD8 T cells as compared to the use of peptide and anti-CD40 mAb alone (Fig. 1A).
Interestingly, only some of the TLR-L were able to generate secondary immune responses (Fig.
1B). The results obtained with poly-IC were most dramatic, where at the peak of the response
(6 days post-boost) nearly 80% of the CD8 T cells in blood were antigen specific. To our
knowledge this could be the first example where these high levels of CD8 T cells are generated
using any kind of non-infectious vaccine and w/o a prior infusion of TCR transgenic T cells.
At present we do not know the reasons why the various TLR-L performed so differently as
adjuvants in the TriVax immunization strategy. These differences could be due to variations
in stability, biodistribution and pharmacokinetics of these compounds or due to their capacity
to stimulate different cells of the immune system. In addition, poly-IC stimulates the immune
system through other pathways in addition to TLR3 (28) (29,30). The combination of TLR-L,
anti-CD40 mAb and peptide for the generation of CD8 T cell responses has been used by other
groups, but for unknown reasons their results differ substantially from ours. Ahonen, et al. first
reported the generation of strong CD8 T cell responses to Ova257–263, but subsequent boosters
were not effective in generating secondary immune responses (17). The same group applied
were unable to elicit CD8 T cell responses to the Trp2180–188 natural epitope (SVYDFFVWL)
unless they used an analogue synthetic peptide (31). Moreover, even when the analogue peptide
was used, booster immunizations remained ineffective and the anti-tumor effects were
suboptimal. In other studies Wells, et al., showed that the use of TLR-L combinations improved
significantly the immunogenicity and anti-tumor effectiveness of peptide vaccines
administered in combination with anti-CD40 mAb and IFNγ, as compared to the use of a single
TLR-L, which for them proved to be suboptimal (32). We do not know what the experimental
conditions are between our group and the work of others that may account for the different
results. Regardless of the reasons for the different results, we believe that the capacity of a
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vaccine to induce CD8 T cells capable of further expanding after a subsequent encounter with
antigen (e.g., booster immunization) will determine its effectiveness against tumors. Our results
clearly show that in the case of B16 melanoma, to achieve effective anti-tumor responses, that
magnitude of the antigen-specific T cell response is important.

The therapeutic anti-tumor response generated by TriVax required the participation of CD8 T
cells but not any contribution of CD4 T cells or NK cells (Fig. 6). In addition, our results
indicate that tumors were eliminated mostly via perforin-mediated lysis and that production of
IFNγ in this tumor model was not only not required, but could also be detrimental for tumor
eradication. The increased anti-tumor therapeutic effect of TriVax against B16 melanoma
observed in IFNγ-deficient mice has been observed in numerous experiments and even with
established s.c. tumors (H. Cho, unpublished). While the exact mechanism by which IFNγ
decreases the therapeutic efficacy of TriVax against B16 tumors remains unknown, it is
possible that IFNγ may reduce the magnitude of CD8 T cell responses, as previously reported
(33–36) and as suggested by our results (Fig. 6C). Furthermore, we have observed that in
vitro IFNγ-treatment of B16 cells increases MHC-I expression, but significantly reduces the
capacity of the CD8 T cell to recognize the tumors as observed both in EliSpot and cytotoxicity
assays (H. Cho, unpublished). We are currently investigating whether this phenomenon extends
to other melanosomal CD8 T cell epitopes and if it occurs in other tumor models besides B16
melanoma where the TriVax immunotherapy is being explored.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Effect of TLR-Ls on peptide vaccination with anit-CD40 mAb
(A), B6 mince (3 per group) were immunized i.v. with Ova 257–264 peptide and anti-CD40 mAb
and one of the following TLR-L: poly-IC (TLR3-L), CpG (TLR9-L), Lps (TLR4-L), GDQ
(TLR7-L), FSL1 (TLR6/2-L). Seven days later, antigen-specific CD8 T cell responses were
measured in blood by using tetramer analysis. Results represent the means and SD for each
group where p values compared to the no TLR group are shown inside of each bar. (B), The
mice received a second identical immunization (on day 21) and the frequency of tetramer-
specific CD8 T cells in peripheral blood was followed in individual mice throughout various
time points. Results correspond to the man and SD for each group. Arrows, times of vaccination.
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P values were calculated using two-way ANOVA test (*p < 0.0001 for TriVax versus peptide
+anti-CD40 mAb).

Cho and Celis Page 11

Cancer Res. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Immunization with Trp2180-–88-TriVax induces strong anti-tumor Cd8 T cell responses
B6mice were vaccinated i.v. on days 0 and 14 with Trp2180–188-TriVax/poly-IC.(A), On days
7 and 22, blood samples were evaluated by tetramer analysis. Each point represents the value
for each individual mouse and horizontal line represents the average value of the group. (B),
Eight days after the boost, CD8 T cells were purified from pooled splenocytes and antigen-
induced IFNγ and TNFα secretion was evaluated by EliSpot. (C), Cytolytic activity of freshly
isolated CD8 T cells, assessed by a 51Cr-release assay. (D), B6 mice (8 per group) were
immunized on days −24 and −12 or only on day −12 with Trp2180–188-TriVax/poly-IC. Twelve
days after the last immunization, the mice received 3 × 105 B16F10 melanoma cells i.v. Survival
is compared against unvaccinated group (No Vax) or group that received Ova55–63-TriVax/
poly-IC (negative control). Kaplan–Mayer survival curves for all groups of mice are shown.
P values were determined by log-rank tests as compared to the negative control group.
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Figure 3. Therapeutic anti-tumor effects of Trp2180–188-TriVax
(A), B6 mice (4 per group) received 3 × 105 B16Fl0 cells i.v., and 3 and 11 days later the mice
were vaccinated with Trp2180–188-TriVax or Ova55–63-TriVax. A non-vaccinated group (No
Vax) was also included. On Day 24 (when the control mice appeared sick), the presence of
B16 pulmonary nodules was evaluated. Results are presented as “Numbers of Lung Tumors”
and “Lung Weights” for individual mice. Representative photographs of lungs of 2 mice from
each group are shown. Splenocytes from mice of the 2 vaccinated groups in “A” were evaluated
for Trp2-specific CD8 T cells by tetramer analysis (B), and antigen-induced IFNγ production
in EliSpot assays (C). P values were calculated using unpaired Student’s test.
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Figure 4. Soluble peptide is more effective than peptide emulsified in IFA in TriVal
(A), B6 mice (4 per group) received 3 × 105 B16F10 cells i.v. and 3 and 11 days later were
vaccinated either i.v. or s.c. with Trp2180–188-TriVax or Ova55–63-TriVax. Peptides were
emulsified in IFA for the s.c. vaccines. A non-vaccinated group (No Vax) was included. On
day 24 all the mice were the presence of B16 pulmonary tumors was evaluated as described in
Figure 3A. Splenocytes from individual mice were evaluated for Trp2-specific CD8 T cells by
tetramer analysis (B) or EliSpot assaya (C) P values were calculated using unpaired Student’s
test.
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Figure 5. Therapeutic TriVax results in increased survival
(A), B6 mice (8 per group) received 3 different doses of B16F10 cells i.v. (as indicated) and 3
days later the mice were immunized with either Trp2180–188-TriVax, Ova55–63-TriVax or left
unvaccinated (No Vax). P values were determined by log-rank tests. (B), At the termination of
the experiment presented in (A), survivor mice were pooled, randomized and received s.c.
tumor challenge with either B16F10 or B16F10-kb− cells (5 × 105 cell/mouse). Naï ve,
unvaccinated mice inoculated with the same number of tumore cells were included as control.
Tumore sizes were determined in individual mice by measurements of 2 opposing diameters
and are presented as tumore areas in mm2. Each data point corresponds to the means and SD
for each group of mice (5 per group). P value was calculated using two-ways ANOVA test.
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Figure 6. Effector mechanisms involved in anti−tumor effects of TriVax
(A), B6 mice (8 per group) received with 1 × 10 5 B16F10 cells i.v. Various subsets of immune
effector cells (CD8 T cells, CD4 T cells or NK cells) were depleted using mAb on days −3 and
−1 before receiving the TriVax injection. An addition mAb injection was administered 2 days
after vaccinatioin. TriVax immunizations were administered on days 3 and 14 after tumor
injections. Kaplan–Mayer survival curves for all groups of mice are shown. P values were
determined by log-rank tests. (B), Therapeutic effects of Trp2180–188-TriVax in WT B6 mice
(WT), IFNγ−/−, IFNαβR−/−, and Prf−/− mice were evaluated a described above. Results were
evaluated for statistical significance using log-rank test. (C), In a parallel experiment freshly
isolated spleen CD8 T cells from WT, IFNγ−/−, IFNαβR−/−, mice were tested for cytolytic
activity in a 5-h 51Cr-release assay as described in Figure 2C.
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