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ABSTRACT The central role that tumor antigen-derived
peptides play in induction of antitumor immunity makes them
ideal candidates for peptide-based cancer vaccines. We have
demonstrated that ‘‘transloading’’ is an efficient strategy for
importing short peptide ligands into antigen-presenting cells
in vitro. Postulating that the transloading procedure might
effect peptide uptake by antigen-presenting cells in vivo as
well, we tested this approach for the generation of peptide-
based cancer vaccines. In the P815 mastocytoma system, we
vaccinated mice by s.c. injection of a single, known natural
peptide derived from JAK-1 kinase. Whereas vaccination with
peptide alone or mixed with incomplete Freund’s adjuvant was
ineffective, application of the peptide in conjunction with the
polycation poly-L-lysine protected a significant number of
animals against tumor challenge. Dependent upon the type of
poly-L-lysine applied, protection against tumor take was com-
parable to that achieved with irradiated whole-cell vaccines,
genetically modified to secrete granulocyte–macrophage col-
ony-stimulating factor. In the murine melanoma M-3, a
combination of four putative tumor antigen-derived peptides
was tested as a cancer vaccine. Administered in combination
with polycations, these peptides evoked potent antitumor
immunity that could not be obtained with the peptides alone
or peptides emulsified in incomplete Freund’s adjuvant. How-
ever, peptide–polycation vaccines applied to the M-3 model
were not as efficient as cellular control vaccines, consisting of
irradiated interleukin 2 or granulocyte–macrophage colony-
stimulating factor-secreting tumor cells.

Despite the great progress made in the treatment of certain
human malignancies, the overall cancer mortality rate is still
increasing. For the case of malignant melanomas of the skin,
mortality in the United States has increased by 34.1% over the
last 20 years (1). Although the systemic administration of high
doses of recombinant interferon a has recently been registered
for the treatment of malignant melanomas, this clinical inter-
vention requires careful selection of patient types, and in mice,
depending on the genetic background, it can have tumor-
promoting activities (2–5). In contrast, cytokine-secreting au-
tologous cellular cancer vaccines directed against melanomas
are well tolerated (unpublished results), but their efficacy for
the treatment of human cancers remains to be established. One
major drawback of autologous cellular vaccines is that, in an
appreciable portion of patients, tumor cells cannot be grown in
vitro, a precondition for the preparation of cellular vaccines.
Also, generation of the vaccines takes time in a disease where
rapid vaccination is desirable. Through the pioneering work
mainly of Boon and associates (6–9), we know that malignant

melanomas present mainly in the major histocompatibility
complex (MHC) class I-context tumor antigen (TA)-derived
peptides, peptides that can be easily synthesized by standard
technology. The idea of using such peptides for the generation
of antitumor immunity in patients has already been tested with
encouraging results (10). One difficulty for peptide-based
vaccines is their rather poor immunogenicity (11), so appro-
priate adjuvants are needed to make them more reactive and
elicit a T cell response.
We have demonstrated that a number of polycations of

appropriate length and concentration, among them poly-L-
lysine (pLys) and poly-L-arginine (pArg), are powerful adju-
vants for transferring small peptides as the prototype for
TA-derived peptides into antigen-presenting cells (APCs) (12)
and tumor cells (13). In the latter case, it has been demon-
strated that xenogenization of tumor cells with small immu-
nogenic peptides elicits a powerful antitumor immunity in an
MHC class I-dependent manner (13). We now show that s.c.
but not i.p. coinjection of polycations with known or putative
TA peptides protects mice from tumor take, i.e., that these
procedures provide novel powerful cell-free tumor vaccines.
Also, transloading of TA-derived peptides elicits demonstrable
cellular immunity, which is thought to bode well for tumor
rejection. In contrast, injection of peptides alone or peptides
in combination with incomplete Freund’s adjuvant (IFA)
affords no significant protection.

MATERIALS AND METHODS

Polycations. pLys and pArg with different degrees of poly-
merization (dp) as indicated (see below) were obtained from
Sigma.
Peptide Synthesis. Peptides were synthesized on a peptide

synthesizer (Applied Biosystems, model 433 A with feedback
monitoring) using an aminomethylated polystyrene resin with
p-carboxytrityalcohol linker (PepChem, Tübingen, Germany)
as solid phase with the Na-9-f luorenylmethoxycarbonyl strat-
egy [2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate activation, Fastmoc, 0.25-mmol scale].
Peptides were dissolved in 1 M triethylammonium acetate (pH
7.3) and purified by reversed-phase chromatography on a
Vydac (Hesperia, CA) C 18 column (model 218ATP54).
Peptide identity was confirmed by time-of-f light mass spec-
trometry on Lasermat (Finnigan-MAT, San Jose, CA). The
peptide sequence used in the P815 mastocytoma system was
SYFPEITHI, which is H-2Kd-restricted and derived from
tyrosine kinase JAK-1 (amino acids 355–363; refs. 14–16). For
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the M-3 murine melanoma system, four putative H-2Kd pep-
tide ligands were used at 25 mg of each peptide per vaccine.
Two were deduced from tyrosinase (17) and tyrosinase-related
protein 1 (TRP-1; ref. 18). The sequences of the tyrosinase
peptides were YYVSRDTLL (amino acids 128–136) and
PYLEQASRI (amino acids 468–474). The sequences for
TRP-1 peptides were RYAEDYEEL (amino acids 521–529)
and YYSVKKTFL (amino acids 193–201).
Synthesis of Fucose-Modified pLys (fpLys). pLys with dp

'200 lysine residues (pLys200; 10 mg, 0.25 mmol) in 200 ml of
Hepes (0.5 M, pH 8.5) was mixed with 8.5 mg (27 mmol) of
b-L-fucopyranosylphenyl-isothiocyanate (Sigma) in 200 ml of
dimethyl sulfoxide and reacted at room temperature for 2 hr.
The product was purified by gel chromatography on Sephadex
G25 (Pharmacia), yielding 0.18 mmol of pLys modified with
13.6 mmol of fucose.
Tumor Cell Culture and Generation of Cellular Vaccines.

The Cloudman S91 melanoma cells, clone M-3 (H2d), and
mastocytoma P815 (H-2d) were purchased from American
Type Culture Collection and cultured in high-glucose DMEM
(Life Technologies, Paisley, Scotland) supplemented with 10%
fetal calf serum (FCS)y2 mM L-glutaminey20 mg/ml gentamy-
cin. Cells were routinely tested for mycoplasma contamination
by a PCR-based mycoplasma detection kit (Stratagene). Tran-
siently cytokine-secreting cellular vaccines were generated by
the adenovirus-enhanced transferrinfection (AVET) technol-
ogy, using the murine interleukin 2 (IL-2) and granulocyte–
macrophage colony stimulating factor (GM-CSF) expression
vectors and the AVET protocol as described (19). In the M-3
system, expression levels were adjusted to optimal values (IL-2,
1000–2000 unitsy105 cells; GM-CSF, $10 ngy105 cells). Con-
stitutively GM-CSF-secreting P815 cells were generated upon
Transfectam-mediated cotransfection of 10 mg of pWS–GM-
CSF (ref. 19; linearized with EcoRI) and 2 mg of pRSVneo
(linearized withXmnI; ref. 20) according to themanufacturer’s
protocol (Promega). Cells (106) were transfected in 2 ml of
serum-free DMEM for 4 hr, then 8 ml of DMEMy10% FCS
was added. After 24 hr, transfected cells and untransfected
control cells were transferred into 10 ml of fresh DMEMy10%
FCS containing 1 mgyml G418 (Sigma). After 2 days, when
most of the cells in an untransfected group were dead, G418 was
reduced to the final concentration of control cells (500 mgyml).
After 10 days, a stable pool of cells was generated, producing'10
ng of GM-CSF per 106 cells per 24 hr. The same amount of
GM-CSF was secreted by P815 cells after transient AVET-
mediated gene delivery. In both systems, P815 and M-3, 105
irradiated cells (80 Gray) were applied per vaccination.
Peptide Vaccines. If not indicated otherwise, a total amount

of 100 mg of peptide(s) was applied per animal. When poly-
cations were used as adjuvants, peptides and polycations were
incubated together for 3 hr at room temperature before
injection. Per 100 mg of peptide, 7.5 mg of polycation was
admixed as adjuvant except for pLys (dp ' 16), of which 37.5
or 75 mg was used.
Animal Experiments. DBAy2 mice (H-2d, 6–12 weeks old)

were obtained from Charles River Wiga GmbH (Sulzfeld,
Germany). Groups of 8–10 animals were immunized three
times in a weekly interval under halothane anaesthesia by s.c.
or i.p. injection. When prophylactic treatment of naive mice
was applied, contralateral challenge with viable tumor cells
was administered 1 week after the last immunization. The
challenge doses were 105 cells per animal ('100 times the
minimal tumorigeneic dose) in theM-3 model and 104 cells per
mouse for the P815model (.5 times theminimal tumorigeneic
dose). In the therapeutic M-3 model, contralateral vaccination
was started 5 days after s.c. experimental metastases were set
by injection of 104 viable M-3 cells. All cellular and cell-free
vaccines were applied in a total volume of 100 ml per animal.
Animals were inspected daily. Tumor development was scored
weekly and followed up for the indicated time periods.

Measurement of T Cell Activation After Immunization.
Single-spleen cell suspensions were prepared from vaccinated
or naive animals, followed by lysis of erythrocytes with hypo-
tonic buffer (0.15 M NH4Cly1 mM KHCO3y0.1 mM EDTA,
pH 7.4). Adherent cells were removed by incubating 3 3 106
splenocytes per ml of DMEMy10% FCS in Petri dishes (Nunc)
for 90 min at 378C. Nonadherent cells were harvested by gentle
pipetting, and 2 3 105 of them were cocultured with 1 3 103
parental M-3 cells. Cells were cultured in 200 ml of DMEM
containing 10% FCS (PAA, Linz, Austria), 2 mM L-glutamine,
and 20 mgyml gentamycin in 96-well f lat-bottom tissue culture
plates. On day 3, 50 ml of supernatant was harvested and
interferon g (IFN-g) content was measured by ELISA using
R4–6A2 as capture antibody and biotinylated A18.17.24 for
detection as described (21).

RESULTS

Peptide-Based Cancer Vaccines for the P815 Mastocytoma
in a Prophylactic Model. In prophylactic models, vaccination
is performed before tumor challenge, whereas in the thera-
peutic model, tumor inoculation precedes vaccination. In the
murine mastocytoma cell line P815, an unusually large pro-
portion of approximately 5% of the MHC class I molecules in
the H-2Kd haplotype present the single peptide SYFPEITHI
(14, 15). This peptide displayed prominently on cancer cells is
derived from murine tyrosine kinase JAK-1. We chose this
prominent ‘‘self’’-epitope, (14, 15) to test the peptide vaccine
approach in the P815 tumor model. Unaltered self-antigens
may be recognized by the immune system as TAs if inappro-
priately expressed, as was recently shown for tyrosinase (50).
Mice were vaccinated three times at weekly intervals and, 1
week after the last vaccination, were subjected to a contralat-
eral challenge with 104 live tumor cells. Animals vaccinated
with irradiated P815 cells, stably transfected to secrete GM-
CSF, were used as positive controls. Either 16 mg or 100 mg of
the JAK-1 peptide was injected together with a transferrin-
coupled pLys200 (22). One group of animals was applied with
100 mg of peptide per mouse emulsified in IFA. As shown in
Fig. 1a, this latter treatment did not confer antitumor protec-
tion because all animals developed tumors rapidly with only a
small delay as compared with untreated animals. However,
when the JAK-1 peptide was applied with pLys, antitumor
protection was achieved. Two of eight animals were protected
in the group that received 16 mg of the peptide, and three of
eight animals were protected when 100 mg was applied.
Treatment with the cellular, GM-CSF-producing vaccine re-
sulted in a protection efficiency of 50% (Fig. 1a). In a second
experiment in the P815 mastocytoma model, two unmodified
pLys of different chain lengths were compared, pLys16 and
pLys240. Peptide control groups were injected with 100 mg of
peptide per mouse; the peptide was either dissolved in PBS or
emulsified in IFA. Two GM-CSF-secreting cellular control
vaccines were used. The stably transfected P815 cells and a
second vaccine generated by the AVET transient transfection
protocol (23) were used as a positive control. Both whole-cell
vaccines conferred similar protection efficiencies with four of
eight and five of eight animals (Fig. 1b). The peptide-based
vaccines, consisting of peptide only or peptide admixed with
IFA, showed no protection; all animals developed tumors
rapidly upon challenge. However, when applied in conjunction
with pLys, the peptide vaccine did protect animals against
tumor challenge. Two of eight animals were protected when
the pLys240 was used, and four of eight animals were protected
when pLys16 was used. These results show that a single
peptide, when applied with pLys as adjuvant, can evoke
efficient antitumor protection comparable to that of one of the
most potent cytokine-secreting whole-cell vaccines that has
become the gold standard for antitumor vaccination (19, 24).
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Peptide-Based Cancer Vaccines for Murine Melanoma M-3
in a Prophylactic Model. Melanocyte differentiation antigens
like tyrosinase, TRP-1, or gp-100 in human melanoma have
been found to be targets for specific cytotoxic T lymphocytes,
and cytotoxic T lymphocyte epitopes have been identified
(25–30). The murine M-3 melanoma (H-2d; ref. 31) expresses
tyrosinase and TRP-1, as determined by reverse transcription
PCR (ref. 32 and unpublished results). Since neither cytotoxic
T lymphocyte epitopes nor immunodominant TA peptides had
been identified in this tumor model, we decided to use a
mixture of four putative H-2Kd-restricted peptide ligands. The
selection of the peptide motifs was based on requirements for
H-2Kd-restricted anchor amino residues as described (16,
33–36). Two of the peptides were derived from tyrosinase, and
the other two from TRP-1 (see Materials and Methods). In a
first experiment, the peptide mix was applied to vaccinate
naive DBAy2 mice against tumor challenge (Fig. 2). A cellular
vaccine, consisting of irradiated M-3 cells, AVET-modified to
produce optimal amounts of IL-2 (19), has been shown to
induce very potent antitumor immunity and was therefore
chosen as positive control. As for the P815 experiment (Fig. 1),
three vaccinations were applied in weekly intervals, followed
by a s.c. challenge 1 week after the last vaccination. Four
groups of animals were applied with the peptide mix-based
vaccine. Two groups received the peptides emulsified in IFA
either s.c. or i.p. The other two groups were administered with
the peptides in conjunction with pLys240 via the s.c. or the i.p.

route. As shown in Fig. 2, the peptide mix in conjunction with
the pLys protected a significant number of animals (50%)
against tumor challenge of 105 live tumor cells as compared
with untreated animals, in which solid tumors formed quite
rapidly. Interestingly, the peptides conferred antitumor pro-
tection in conjunction with pLys after s.c. vaccination. When
applied i.p., the peptide–pLys mix was as ineffective as the
IFA-based vaccines. Here, tumor challenge was not rejected,
and tumors grew with only a small delay compared with
untreated control animals. These results demonstrate that the
tyrosinaseyTRP-1-derived peptide vaccines can induce anti-
tumor protection when administered s.c. in conjunction with
pLys. However, this vaccine is only as half as efficient as the
IL-2-based cellular vaccine, which, consistent with recent
reports, protects up to 100% of the animals against the tumor
challenge with 105 live M-3 cells (31, 37).
Peptide-Based Cancer Vaccines for Melanoma M-3 Cells in

a Therapeutic Model. We next tested our peptide–pLys ap-
proach under more stringent experimental conditions for the
treatment of a pre-existing M-3 ‘‘micrometastasis’’ established
by s.c. injection of 104 live tumor cells 5 days before the onset
of the vaccination cycle. Because the i.p. vaccination was found
to be ineffective in the prophylactic treatment (Fig. 2), we
decided to vaccinate only via the s.c. route. Control groups
received the tyrosinaseyTRP-1-derived peptide mix dissolved
in PBS without adjuvant or with IFA. Unmodified pLys240 was
applied as an adjuvant. Receptors for the binding of carbohy-
drate-terminated glycoproteins, involved in the phagocytosis
of pathogens, are widely expressed on phagocytotic cells of the
skin (38). We therefore reasoned that it might be possible to
improve targeting of such cells with fpLys. Therefore, peptides
mixed with fpLys200 were also administered. For comparison,
a group receiving the IL-2-based cellular vaccine was included
in this experiment. As shown in Fig. 3a, the pLys–peptide
vaccine was effective for the treatment of pre-existing M-3
deposits. However, a significant cure rate was achieved only
with the fpLys. With this treatment, 50% of the animals
rejected the experimental metastases, a result that compares
very favorably with the IL-2-based vaccine that cured 70% of
the mice in this instance. Unmodified pLys–peptide vaccine,
which is efficient against tumor challenge in the prophylactic
model (Figs. 1 and 2), was not very effective in the therapeutic
model. Compared with the untreated control group, it
achieved only a delay in tumor onset, not complete rejection.
When treated with peptides alone or peptides in IFA, all mice
developed tumors without delay.

FIG. 1. Vaccination of DBAy2 mice against P815 tumor challenge
with the JAK-1 peptide SYFPEITHI. (a) The indicated amounts of
peptide were administered per animal. The ratio of peptide to
transferrin-coupled pLys200 referenced on pLys was 6.25:1 (wtywt).
(b) Vaccination with JAK-1 peptide and two pLys with dp 5 16
(pLys16) or dp 5 240 (pLys240). Per animal, 100 mg of peptide was
applied in conjunction with 75 mg of pLys16 or 7.5 mg of pLys240.

FIG. 2. Vaccination of DBAy2 mice against M-3 melanoma chal-
lenge with a combination of four peptides (seeMaterials and Methods)
and pLys240. A total amount of 100 mg of peptide mix was applied per
animal; the mix consisted of equal amounts of each peptide. pLys240
was used as in Fig. 1b.
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We further studied the effect of alterations and modifica-
tions of the polycation on the antitumor efficiency of our
peptide-based vaccine in the M-3 metastasis model (Fig. 3b).
In addition to unmodified pLys200 and fpLys200, unmodified
pLys16, pLys450, and a different polycation, polyarginine
pArg720, were tested. As a positive control, a cellular vaccine
secreting GM-CSF was applied (32). Again, control groups
receiving the peptide mix in IFA or without any adjuvant were
also included. As expected from the experiment shown in Fig.
3a, the best peptide-mediated efficacy was achieved when
fpLys was applied as adjuvant (Fig. 3b). In this group, 40% of
the animals rejected the metastases compared with 30% in the
group administered with pLys16. In all other peptide groups,
there was only a delay in tumor onset as compared with
untreated animals, except for peptides, which were admixed
with pArg. Interestingly, this unmodified polycation was as
effective as the fpLys, enabling the rejection of the M-3
deposits in 4 of 10 animals. Fig. 3c shows the reproduction of
this pArg effect in an independent experiment. Again, vacci-
nation with tyrosinaseyTRP-1-derived peptides in conjunction
with pArg showed antitumor efficacy in 4 of 8 treated animals.
These results identify pArg as a very interesting adjuvant for
the application of peptide-based cancer vaccines.
Although it is evident from the experiments described above

that vaccination with a combination of peptides and polyca-
tions leads to protection of mice, we wished to address the
question of whether T cells were also activated by this treat-
ment. Cytokine secretion upon exposure of splenocytes from
vaccinated animals to parental M-3 cells was taken as a
surrogate marker for T cell activation (39, 40). Only spleno-
cytes from vaccinated animals secreted substantial levels of
IFN-g (Fig. 4) upon cocultivation with M-3 cells in vitro,
whereas no IFN-g was detectable from splenocytes of naive
animals.

DISCUSSION

Evidence from both bone marrow transplantation experiments
(41) and histological investigations (32, 42, 43) in the murine
system suggests the following working hypothesis for the events
leading to the generation of cellular antitumor immunity. In
the case of cellular cytokine-secreting irradiated vaccines,
macrophage-like cells invade the vaccine deposit of irradiated
cells and phagocytose the tumor cells within a relatively short
period of days. It is proposed that, as a next step, APCs charged
with ingested tumor cells present TA peptides to naive T cells
in the draining lymph node, leading to an immune cascade and
formation of activated tumor-specific T cells which then patrol
the tissues and eradicate, in themurine system, distant deposits
of a live tumor challenge and, in the human situation, distant
micrometastases. Frommouse studies, it became clear that the

level of IL-2 secretion by the cellular vaccines is of paramount
importance for the elicitation of an antitumor response; IL-2
levels that were too low or too high were ineffective (19, 44).
Both the optimal level of IL-2 secretion and the mode of tumor
eradication in humans remain to be determined.
Implicit in the above working hypothesis is the tenet that

TAs are recognized by mechanisms leading to a powerful
cellular immunity. By presenting TA peptides by means of our
transloading procedure, which rapidly and efficiently internal-
izes peptides into cells, we may fortuitously have met an
important precondition for eliciting a cascade of events leading
to the generation of T cell immunity. That in our experiments
cellular antitumor immunity has been generated for both IL-2
and peptide vaccines became clear when spleen cells from
protected animals were shown to stimulate high levels of IFN-g
in vitro upon incubation of splenocytes with M-3 tumor cells
(Fig. 4). It is conceivable that in future such in vitro cytokine
tests will provide a faster and more quantitative measurement
of vaccine efficacy than determinations of tumor take in a

FIG. 3. Cure of M-3 micrometastases-bearing mice with four peptides and polycations as adjuvant. Peptides were used as described in Fig. 2.
The following amounts of polycations were used per 100 mg of peptide mix: pLys16, 37.5 mg; fpLys200, pLys240, pLys450, and pArg720, 7.5 mg.
Ten animals per group were treated in a and b, and eight animals were treated in the groups of c.

FIG. 4. IFN-g release in response to M-3 target cells by nonad-
herent splenocytes from DBAy2 mice. Twenty-four weeks after me-
tastases formation, splenocytes of disease-free mice cured by the
IL-2-secreting cellular vaccine (M-3–IL-2) or fpLys–peptide mix treat-
ment (Fig. 3a) were used in the assay. An age-matched naive mouse
was used as negative control. Triplicate measurements of IFN-g
production are shown.
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group of animals. Investigation of the P815 system yielded
similar results (data not shown).
The vaccination effect, as determined by the number of

animals protected from tumor incidence, was considerably
more pronounced in the prophylactic model than in the
therapeutic model, the latter being possibly more representa-
tive of the situation found in the human disease. In the
therapeutic model, there is time for the deposit of live tumor
cells to be established in naive mice in the absence of antitumor
immunity, and such deposits that resemble micrometastases
may be more difficult to eradicate than a bolus of live tumor
cells deposited in a mouse, in which an antitumor response has
already been established by prior vaccination.
The skin is a tissue rich in macrophage-like cells, such as

dendritic and Langerhans cells, which are potent APCs. We
surmised that by injection of polycations, either pLys or pArg,
together with known or putative TA peptides, it might be
possible to engage such APCs directly to set the immune
cascade in motion. Alternatively, transloading peptides might
target tissue cells, which later fall victim to APCs, leading to
TA presentation by a more complicated route. If APCs are the
direct targets for transloading, how does a peptide transferred
by endocytosis in the presence of the adjuvant pArg (12)
ultimately present in anMHC class I context? This contravenes
the classical tenet that antigens entering by an endosomal
mechanism are presented by MHC class II molecules (into
which our peptides would not fit), but recent investigations
have shown that there is considerable plasticity in the process-
ing and compartmentalization of antigens and their peptides,
respectively, and their presentation on MHC molecules (45),
making a class I presentation in our experiments at least
plausible.
Tumor take has previously been suppressed for the 3LL

lewis lung carcinoma system after injection of TA peptides
with IFA (11), but in our P815 and M-3 systems, no protection
was obtained with such a protocol (see above). However, it
should be noted that a combination of IFA and viral immu-
nogenic peptides can induce tolerance (46–48). With the novel
modification described in this paper, vaccination proved to be
effective even in the therapeutic model, provided that the
appropriate polycations are used as adjuvants. To compare the
potency of peptide vaccines, we ran these experiments con-
currently with cytokine-secreting vaccines, which have become
the gold standard for immunological cancer eradication. In the
case of the P815 mastocytoma with a known prominent
H-2Kd-restricted JAK-1 peptide (14, 34), vaccines at high input
of the peptide (100 mg per vaccination) were nearly as good as
GM-CSF-secreting whole-cell vaccines when a short pLys was
employed. For the M-3 melanoma test system, protection
against tumor take was less than that afforded by vaccines
secreting IL-2 at the optimal level (1000 units per 24 hr and per
vaccine), but in these experiments, it has not as yet been
ascertained whether the peptides used were indeed potent TA
peptides. The efficacy of peptide vaccines also in this system
may be improved as soon as genuine immunodominant pep-
tides have been identified.
Although we show here that transloading is efficatious for

the generation of anti-tumor immunity, a similar approach
could be used for other vaccination purposes. The success of
the experiments depends on the nature of the polycation used.
In the prophylactic model, pLys450 (not shown) was less potent
than pLys200, and this result may be a consequence of the
more toxic effect detected for pLys of higher molecular weight
(12, 49). We have shown (12) that pArg720 in a similar
concentration transfers peptides more efficiently than did
pLys400 and was less toxic. Therefore, it is interesting to note
that protection against tumor development was better for pArg
than pLys (Fig. 3 b and c). But in all experiments, there is
ample scope for improving the efficiency of peptide vaccines,
e.g., by the use of modified polycations, which will allow more

efficient targeting of APCs. Another avenue to follow is
coinjection of peptide(s) and cytokines to recruit APCs to the
site of peptide deposition. Further, the use of TA proteins in
combination with polycations should be investigated because
this would make vaccination less dependent on the MHC
haplotype of a treated individual.
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