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Introduction
[01] Cell-mediated (CM) immunotherapies for cancer treatment are designed to activate the
body’s adaptive immune responses against a malignant growth (1,2). Generally, the goal of a
CM response 1s to activate a cytotoxic T-cell response against a tumor to eliminate cancer cells.
The principle of these treatments 1s straighttorward, yet current work studying the complexity of
the tumor micro- environment (2,3) as well as methods that attempt to directly activate T cells
against tumor antigens (4-6) demonstrate the difficulty associated generating an immune
response against a tumor.
[02] Several CM cancer immunotherapies exist today, including PD-1 inhibitors, injection of
live virus or viral particles into tumors, and adoptive T-cell therapies (1,6-8). However, concerns
regarding efficacy, satety, and/or cost have limited the use of many of these treatments. To
address these concerns, we sought to develop a novel treatment based on developing a tully
synthetic, mimimal delivery system that tfacilitates presentation of human leukocyte antigen
(HLA) class I restricted immunogenic peptides specifically on cancer cells without using live
virus, viral subunits, or biologically derived matenal.
|[03] Based on these requirements, we developed a liposomal based agent consisting of a
neutral, stealth iposome that encapsulates a synthetically manutactured immunogenic HLA
class I restricted peptide. In addition, the liposome has a targeting peptide on the external surface
that both specifically accumulates 1n cancer cells and facilitates presentation of the
immunogenic peptide in HLA class I molecules. Thus, this treatment 1s designed to generate a

secondary CM 1immune response specifically against the tumor.

Summary of the Invention
[04] The mvention provides a nanoparticle delivery system that facilitates presentation of an

immunogenic measles antigen specifically i cancer cells. The delivery system does not contain
1
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viral particies, toxins, or biologically derived matenal. Treatment with this system facilifates
activation of a secondary ummune response against cancer cells, bypassing the need to identity
tumor-associated antigens or educate the unmune system through a prnmary immune response.
The delivery system s a three part modular vehucle, requinng only a stealth iposome displaying
a cancer-specific targeung peptide on its exterior surface and encapsulafing an unmunogenic
human leukocyte antigen class 1 restricted peptide. This targeted-nanoparticie facilitates
presentation of the peptide 1 mayor lustocompatibiity complex class I molecules. Activation is
dependent on the targeting pepude, previous antigen exposure, and utilizes a novel autophagy-
mediated mechanism to facilitate presentation. Treatment with this liposome results i a
sigmiicant reduction of tumor growth using an ageressive LLCT model in vaccinated CS7BL/6
mice. We demonstrate proot-of-principie for a novel cell-mediated immunotherapy that s
scailable, contains no biologically derived material, and 1s an etficacious cancer therapy.

|[05] The invention provides a minimal antigen delivery system consisting essentially of
PEGylated stealth iposomes loaded with an immunogenic human leukocyte antigen (HLA)
class 1 restricted peptide and surface-moditfied with a cell targeting peptide which mediates
binding and internalization of the liposomes 1nto a target cell. Hence, the systems consist or
consist essentially of (exclude any additional components that would materially affect the basic
and novel operability and tfunction of the system) and/or requires, functionally depends upon, or
includes no more than the three recited components: the stealth iposome, targeting peptide and
HLA class 1 restricted peptide.

[06] The system 1s modular and applicable to alternative targeting and/or immunogenic
peptides. A wide variety of cell targeting peptides are known 1n the art, and suitable peptides tor
targeting any of a variety of cells types are readily selected, such as described herein, wherein
preferred target cells are pathogenic, such as cancer cells. Similarly, a wide variety ot
immunogenic peptides are known 1n the art, and suitable peptides ot alternative HLA types and
immunity/vaccination dependencies are readily selected, such as described herein. HLA typing
1s standardized 1n clinical practice, and alternative immunized (naturally or vaccinated)
populations are readily 1dentifiable; for example, we have similarly tested and validated an
antigen derived from the smallpox virus (H-2Kd-restricted vaccima-specific peptide, A5275-83,
VACV-AS2).

[07] In exemphiied emboduments, the HLA class 1 restricted peptide 1s measles virus

hemagglutinin peptide H250, and/or the cell-targeting peptide 1s a cancer cell targeting peptide
that1s H1299.3.
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[08] The invention also provides methods of making the subject antigen delivery systems,
comprising the step(s) ot: loading the PEGylated stealth iposomes by forming the liposomes 1n
the presence of the class-1 restricted peptide; and/or surface modifying the PEGylated stealth
liposomes loaded with the HLA class restricted peptide by conjugating to the surtace the cell
targeting peptide.

[09] TtThe inveniion also provides methods of using the subject antigen delivery systems,
comprising the step(s) of: introducing the antigen delivery system into a host 1n need thereof,
and/or detecting a resultant immune response or inhibition of the target cell.

[10] The invention specifically provides all combinations of the recited embodiments, as 1f

each had been laboriously individually set forth.

Detailed Description of Particular Embodiments and Examples Thereof
[11] In this proof-oi-concept study, we synthesized a liposome that encapsulates HZ30 (1), an
imnunogenic HLA class 1 restricted peptide dentified from measies hemagglutimn protein. The
liposome 18 designed to specifically internahize 1n cancer cells by displaying the targeting peplide
H1299.3 on the extenor surface (10}, H1299.3 15 a 20mer, cancer-specilic targeting peptide
wlentified using a novel phage display techmique that allows for selection of cancer-specific
targeting peplides that preferentially internalize 1 cancer cells via a defined mechanism of
endocytosis. This peptide was dimernized on a lysine core and 1s fully funciional outside the
context of the phage paruicle. The H1299.3 peptide accumulates specifically in a panel of non-
small cell lung cancer (NSTCLC) cell lines com- pared to a normal bronchial epithelial cell control
cell ine via a clathrin-dependent mechanism of endocytosis. In thas study, we demonstrate that
H1299.3 facilitates functional presentation of an timmunogenic antigen in both major
histocompatibility complex (MHC) and HELA class I molecules as indicated by CD8+-specitic
interferon (1FN )y secretion. In addition, H1299.3 facihitated presentation utihizes an autophagy-
dependent mechamsn Finally, treatment with H1299.3 targeted hposomes containing H230
substantially reduces the growth rate of sub- cutaneous LLCT tumors implanted 1n vaccinated
C57BL/6 mice compared to treatment with vehicle control.
[12] Generating a targeted liposome for viral-antigen presentation specifically in cancer celis.
The hirst goal of this study 18 to create a syntheuc delivery system that 1s suitable for specific
delivery of anfigenic cargo mito cancer cells. The vehicle needs to have high pavioad capacity and
shield the inmmunogenic peptide cargo without modification as presentation in HEA class |
molecules 15 restricted by size and position of amino acid residues {(11). Therelore, we decided o

utihize hiposomes. Liposomes are readily manufactured from synthetic matenal, easily loaded
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with synthetic pepiide, and amenable (o modiication with targeting igands (12). Further,
hiposomes accumulate passively in tumors based on the enhanced permeability and retention
etfect, potentially enhancing the specificity of the treatment (13). We manutactured 100-nm
stealth iposomes that encapsulate a synthetically manutactured 9mer unmunogenic pepude,
H250 with a loading etficiency of approximately 6(0%. DSPE PEG2000 modified with maleimide
1s incorporated into the lipid formulation to allow for conjugation of a thiol containing targeting
ligand to the hposome (12).

[13] The H1299.3 targeting ligand specifically accumuilates 1o cancer and [acihitates HLA class
I presentation. In order to guantify the ability of the hposomal tormulation to facihitate
presentation of HZ230 immunogenic peptide, we first needed (o develop a system to determune
H250 15 present in the cleft of HLLA class I molecules. H250 1s an immunogenic pepide identified
from sequencing peptides present i HLLA A*U201 molecules following measies infection (1)
Thus, we identified peripheral blood mononuciear cells (PBMCs) from anonymous donors that
were HLA A*JZ positive, and determined if these donors were vaccinated against measles by
culturing donor PBMUCs with free HZ30 peptide and measunng IFNy secretion. We successiully
wentified two donors that were HLLA A™{2 positive and had previously been vaccinated against
measles virus. PBMCs from these two donors, D4 and DY, were used 1n the subsequent assays (o
wlentily and charactenze a cancer-specific targeting peptide that can facilitate HLA class |
presenfation. Sumlarly, an appropnaite cancer cell line was needed (o serve as the antigen-
preseniing cells. For this, we uttlized the human NSCLC cell hne, H1Y%93, which we determined
to be HLA A™{J2 positive.

[14] Next, we screened known cancer-specific targeting peptides to widently a targeting pepude
that can facilitate presentanion of H250 from the targeted hposomal formudation in HLA class |
on the external surface of the cell. Panels of cancer targeting peptides have been identified by our
group and others; theretore, we wdentitied three different cancer-specitic targeting peptides that
internahize mto H1993 that have been previously published: H1299.2, H2009.1, and H1299.3.
Hach of these peptides specifically mternahize in NHYCLC cell lines compared to normal bronchial
epithelial cells (14). The peptides were conjugated to the surface of the liposome by a thuol-ester
hinkage resulting from a Michael addition of a single sulfhydryl group on the targeting pep- tide
to the malewrnide present on the hiposome. A pepuide that does not mternalize into H1993 cells,
H460.1, was utitlized a control (14).

[15] Vo screen each targeting peptide, H1Y93 cells were treated with H1299.2, H2009.1,
H4060.1, or H1299.3 targeted hiposomes contaimng H230 for 3 hours. The cells were then washed

o elirninate nomnternalized/bound hiposomes and then cocultured with donor PBMCs tor 72

4
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hours. Cell culture supernatants were harvested and analyzed for IFNy secretion via enzyme-
hnked immunosorbent assay (ELISA) as a measure of T-cell activation. Free HZ50 peptide
served as a positive control in this assay. Only the H1299 3-targeted hposomes containing HZ30
resulted 10 a sigmificant increase i IFNy (Quench) and compared to the H1299.3 targeted
liposomes contamning H250 (H1299.3). Treated H1%43 cells were cocultured with donor PBMC
as described above. Unce again, only H1299 3-targeted liposomes contaming H250 resulted 1 a
signitficant mcrease 1n [FNy secretion. These data provide further support that presentation 13
dependent on both the HZ50 antigenic pephide and H1299.3 targeting pepude. These resulls were

duplicated using a second PBMC donor, DY, demonstrating presentation s not patient specific.

Depleting CD8+ T cells from the PBMC cultures results in loss of IFINvy secretion in both human
sarnples. These data mndicate that H2530 1s present 1in HLA class 1 molecules and the H1299.3-
targeted hposomes contamning H250 facilitate the activation of a CD8+ memory T-cell response
in individuals previously vaccinated against measles.

[16] To further charactenize the immune response generated by thus treatment, we quantihied
the levels of secreted TNFo in coculture supernatants. Sumalar to the above mentioned data, we
observed a sigmiicant increase i TNFo secretion in Hi993 cells treated with H1299 3-targeted

hiposomes containing H230 relative to H1993 cells treated with blank iposomes i both human

donors. Upon CD&+ depletion, a reduction in TNFo secretion is observed following treatment of
H1993 cells with H1299.3 targeted hiposomes containing H250.
[17] To extend the breadth of these studies, we dentified a murine lung cancer cell line

derived from C37BL/6 muce, Lewis Lung Carcinoma | (LLC1) that internalizes the H1299.3

targeting peptide. We then generated murnine CD8+ T cells with TCR that recogmizes MHC class
t loaded HZ50 (1) by vaccinating CS7BL/6 muce with an exiended version of HZ250 and
subsequently harvesting lyvmphocytes as a source of CDS+ T cells. LLL1 cells were treated with
control or H1299.3- targeted hposomes containing HZ230, washed, and then incubated. Depleting
CD&4+ T cells from the lymphocyte pool resulied in sigmibicant loss of IFNy secretion siular to
the human data. Thus, the H1299 3-targeted liposome system is able to dehver H250 for
tunctional presentation in both MHC and HLA class 1 molecules.

[18] H1299.3 facilitated HLA class | presentation requires autophagy. To determine the
mechamsm by which H1299.3 facilitates presentation of H230 in HLA class I molecules, we
charactenized the subcellular accumulation of the H1299.3 peptide. Previous data indicated the
newly wdentfied H1299.3 peptide colocalizes with Lamip-1 (1) whereas the other cancer-specific
targeting hgands H1299.2 and H200%. 1 accumuilate i pennuciear regions (14). Theretore, we

reasoned that the subcellular traftficking pattern is crucial to H1299.3 faciitated presentation (14).
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Sinular to previous results, H1299.3 and Lamp-1 colocalize in both H1993 and LLC1 cell hines as
determined by live cell laser scanming confocal nucrascopy. However, these data do not otfer a
clear explanation for mechamsm of presentation. Lampl 15 a marker of both lysosomes and
autolysosomes (135) raising the possibihity that astophagy plays a role in thus process. To test thas
hypothesis, the imaging expenments were repeated using LLC1 and Hi1993 cells that contain a
GFP-LUC3B construct which is a marker for autophagosomes. Clear colocahization with LC3
puncti 1s observed in both cell ines indicating H129%.3 accumuilates autolysomes. Importantly,
treatment of the corresponding cells with a scrambled sequence version of H1299.3 results in no
signmifrcant peptide internalization and consequently, no co-localization with etther Lamp-1 or
LLC3B. Together, the data show sequence-dependent colocalization of the H1299.3 peptide in
autophagosomes.

[19] I H129%9.3 accumulates in autophagic vesicles, perturbing autophagy should result in loss
of H250 presentation in MHC class I molecules tollowing treatment with H1299 3-targeted
lposomes, LLCT cells were treated with H1299.3-targeted hiposomes contammng H230 1n the
presence of the mimbitors, chioroguine, with mouse lyvmphocytes in a sinular manner (o the
bhuman coculture assay presented above. Sinular {o the human data, treatment with H12949 3-
targeted liposomes containing HZ250 resulted 1n a significant increase in IFNy secretion compared
to controls chlorpromazine, nystatin, and wortmannin. After allowing tratficking of the peptides
to occur, the LLCT cells were ixed and cocultured with lvmphocytes as previously described.
Treatment with known mubifors of autophagy, including wortmanmn and chloroquine, resulted
in signihicant reduction i IFNy secretion compared (o controls. Chlorpromazine, an inhibitor of
clathnin-mediated endocytosis, reduced presentation. This 18 consistent with our previous results
demonstrating that the H1299.3 peptide 1s internalized by a clathnn-mediated mechanism, and
cellular uptake of the peptide s reduced 1n the presence of chlorpromazine (10}, Nystatin, an
inhiubitor of cholesterol-dependent endocytosis exhibits no effect.

[20] Fo further validate the role of autophagy in H1299.3 facihitated presentation, LILCT cells
were treated with siRNA targeting autophagy-related protein 7 (ATG7 ) ATG 7 -speciiic
knockdown in LLC1 cells by siRNA is guantified via western blot using -actin as loading
control. Treatment with ATG7-specific oligos resulted 1n ~80% reduction in ATG7 protein levels
whereas rmnimal decrease in AT7 levels are observed using a control siRNA hawrpin (16)
Knockdown of ATG7 sigmificantly reduced IFNy secretion in LLCT cells incubated with

H 12993 targeting liposomes containing H250 compared to LLLT cells not treated with siRNA or
LLCT cells treated control stRNA. We repeated ATGT knockdown assays in HE9Y3 cells. Swoular

to LLCT cells, we observed ~30% reduction in ATGY protein levels i H1993 cells treated with

6
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stRMNA oligos targeting ATG7 via western blot. Treatment with control siRNA did not atiect
ATGY levels. ATGY knockdown 1in HI993 cells resulied a significant decrease 1n HFENy secretion
following treatment with H1299 . 3-targeted liposomes contaimng H250 and cocultare with DY
PBMU s compared to controls. Thus, the microscopy and phenotype data unply that H1299.3
factlitates presentation of HZ250 via an autophagy-dependent mechamsm.

[21] HI129Y9.3-targeted hiposomes encapsulating H250 reduce tumor burden in vivo, Next we
utihized H1299 3-targeted liposomes contaimng H250 m a murine model to determine ellicacy of
this platform as a UM immunotherapy. CS7BL/6 mice were vaccinated against H250 then LLCH
cells were implanted subcutancously into the hind tlank. LLCT tumors were grown untu palpabie
(~150 mum’} at which point mice were treated six times intravenously (LV.) with H1299.3-
targeted hposomes containing HZ250 or vehicle that lacked the HZ50 immunogemc peptide. We
observed a significant decrease in LLCT tumor growth rate in the treated group tollowing the
third treatment. After explanting the tumors, we observed >2-told reduction n tumor weight and
volume.,

[22] During the tumor ethicacy studies, no sigmificant difference i amumal weight 18 observed
between groups, and the ammals demonstrate no weight loss. Together, these data mndicate that
the animals suffer no gross toxicity from the treatment. None-the-less, liposonmes are cleared via
the liver raising the possibility of liver toxicity. As such, we guantified serum levels of AST and
ALT 1n nonvaccinated mice containing subcutaneous LLCT tumors following three treatments
with either H1299 3-targeted liposomes contaiming H250 or vehicle control. All values are within
normal ranges mdicting hmiuted hver toxicity. Farther, liver, kidney, heart, and lung tissues were
harvested, sectioned, and starned with H& L. Sections from these organs wdentified no gross
abnormalifies in either the treated or vehucie groups.

[23] Finally, to connect the in vitro data to the in vivo data, tumors were sectioned and stained

for CD&4 celis. A 10-fold increase of Ch8+ cells 18 observed in tumors treated with Hi280 5

targeted hiposomes compared to vehicle-treated tumors consistent with the i vitro data
demonsirating a CDE+ T-cell response. To turther support that the H1299 3-targeted hiposome
delivers H250 1n vivo, nonvaccinated nuce containing subcutaneous LLC1 tumors were treated
three times with either H1299 3-targeted liposomes contatmng H250 or vehacle control. The
tumor and liver tissues from these mice were then harvested and single cell suspensions of tumor
cells and hepatocytes were generated. These pnimary cells were directly utilized as antigen-
presenting cells (APCs) 1n the coculture assays outhined above using lyvmphocytes from
vaccinated C37BL/6 nuce. Tumor cells treated with H1299.3-targeted iposomes contaimng

H2Z250 induced a sigmificant increase in IFNv secretion compared to vehicle-treated tumor cells.

7
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Thus, the H1299.3 liposomal formulation 1s able to deliver H230 to tumors and the HZ5( peptide
15 presented i MHC class | molecules on the tumor in vivo., By comparison, using the
hepatocytes as the APC, there was no difference i IFNy secretion levels in etther group. Thus,
even i the hiposomes accumulate 1o the hiver, HZ230 18 not presented in MHC class 1 as measured
by the lack UM immune response generated against the hiver celis. In sum, these data umply
treatment with H1299.3-targeted liposomes containing H230 1s nontoxic and H1299.3 can
tacihitate presentation of H230 preferentially i a tumor 1n vivo.

[24] We present a novel cancer immunotherapy based on developing a mummal delivery
system o factitate presentation of HLA class | restricted immunogenic peptide in cancer cells,
resulting 1n a secondary immune response against a tumor. This approach bypasses the need to
ideniily tumor-associated antigens or (o generate a primary inunune response against the tamor,
which are major hurdies i cancer vaccine development. Undike immunomoduliators, the immune
response generated by our liposomal delivery approach 1s antigen specific and does not involve
an overall general activation of the immune response. This mimnuzes problems with autoimmune
and off-target eliects. This protocol also differs from current virus-based immunotherapies, as
viral products or live viruses are not employed, reducing safety concerns associated with these
types of therapies. A potential downside with our approach 1s that it 1s unlikely to generate
intlammatory condifions that occur with viral infections, potentially reducing the potency of the
imnune response. {n part, this problem 1s mitigated by ulitlizing a secondary UTmune response
that reguires less mnflammatory mputs to generate an unmune response. Furthermore, evidence
exists that the tumor microenvironment exhibit inflammatory conditions i which case our
therapy maybe using this condition for cytokine mputs {3).

[25] Uuthizing a delivery ligand to facilitate HILA class { presentation has previously been
achieved using Cholera or Shiga toxins fused to class Irestricted immunogenic peplides (1719},
Yet, these toxins accumulate indiscriminately in cells and are not targeted specifically to cancer
cells. H1299.3 selectively accumuidates in cancer cells and demonstrates himited binding to normal
human bronchial epithelial cells thus potenfially providing a greater therapeutic treatment
window (2,21},

[26] Furthermore, manufactunng Cholera or Shiga toxan requires biological synthesis and
concermns remain about immunogenicity of the toxin-carners. In addition, thys work ditfers trom
hapten painting or antibody-recruiting strategies in which a targeting agent delivers a hapten (o
the cell surface, resulting 1n antibody recruitment. The therapy presented i this manuscript 1s

designed to directly activate T cells by specilic presentation of HLA class [ restricted antigens in
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cancer cells via an internalization mechamism rather than generating antibody-dependent cellular

£
cyiotoxicity from hapten immobilization on the cell surface. 22,23,
[27] H1299.3 stilizes an avtophagy-dependent mechanism to facilitate presentation of
imnunogenic peptides. Coupled with previous data, H1299.3 appears to mternalize via clathrin-
mediated endocytosis and trathic to lysosomes or autolysosomes. Autophagy s appreciated (o be
involved in classical class I presentation but its role in class 1 antigen presentation s siill
emerging. Our data here along with recent reports indicate that autophagy can also participate 1o
class 1 presentation (24,23). We hypothesize that H250 peptide 1s recycled back into the cytosol
along with contents of the autolysosome thereby allowing for transport by TAP mito the ER and
subsequent presentation (13,26},

28] Muitple subcellular locations feed mnto the HLLA class 1 path- way mnchuding cytosol,
endoplasmic reticulum, and secretory netwaork. Of note, the previously mentioned (Cholera toxin
B presentation strategy uses the Golgt secretory network (20,27}, This implies that ligands which
trattic to multiple subceliular location maybe suitable for use in thus CM mmmunotherapy.
However, our data indicate that the itmmunogemc pepltide needs o feed into the HLA class 1
presentation pathway to be effective. Case mn point, other NSCLC-targeting pepiides that bind to
and are internalized mto H1993 cells did not facilitate presentation (14).

1281  These peptides accumulate and remain sequestered 1n a perinuciear compartment; thus
intraceilular dehivery of the antigenic peptide does not necessarnly result in presentation of the
antigen. This treatment 1s designed to elicit a secondary inumune response that allows for a more
rapid and potentially etficacious immune response against the tumor. However, it also
necessitates that the therapy 1s both HLA type and vaccmnation statas dependent (1,28). HLA
typing 1s standardized 1n chimcal practice; however, immunogemc peptides that bind to different
HILA types will need (o be identified. In addition, although ~93% of the United States is
vaccinated against measles for many patients that may have been years ago implying the need to
quantitate unmune response to measles virus tor efficaciouns treatment (29) Although thas
freatment 1s dependent on several vanables, it 18 also modular in nature, and can be applied {0
alternative targeting and/or inmunogenic peptides.

{3¢]  Treatment of vaccinated nuce with H1299 . 3-targeted hposomes containimg H230 resulted
i a stgnihicant reducuon 1o LLCT subcutaneous tumor growth compared to H1299 3-targeted
hiposomes lacking HZ250. This 1s an aggressive cancer hine indicating the strong potential of an
etficacious therapy. Increased presence of CD&+ T cells in tumor section and ex vivo activation
of CD&8+ T cells using APCs [rom muce treated with H12%9 3-targeted hposomes containing

H250 implies that thus treatment works by generating a cytotoxic T-cell response against the

9
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LLCT tumor cells i vivo and 1s consistent with the in vitro murine and human data presenied.
Other CM therapies that generate 'Thi-like responses and increase levels of CDg+ infiltrates have
demonstrated efficacy in both animal and human tnals (4,6,7,30). Thus, the therapy presented
here achieves similar benelicial ipumnune activation in a sater and cost-elfective manner
compared to current CM therapies.

131} In conclusion, this study presents a novel cancer unmunotherapy based on developing the
oununal delivery platform to generate pseudomntected cancer cells. We demonstrate proof of
princaple that a targeting hiposome confaimng ummunogemce peplide can facilitate presentation in
HL A class 1 molecules, and that this treatment may be efficacious as a novel cancer
immunotherapy.
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WHAT IS CLAIMED IS:

1. A minimal antigen delivery system consisting essentially of PEGylated stealth liposomes
loaded with an immunogenic human leukocyte antigen (HLA) class restricted peptide and
surface-modified with a cell targeting peptide which mediates binding and internalization

of the liposomes into a target cell.

2. The system of claim 1, wherein the HLA class 1 restricted peptide is measles virus

hemagglutinin peptide H250.

3. The system of claim 1, wherein the cell-targeting peptide is a cancer cell targeting

peptide thatis H1299.3.

4. The system of claim 1, wherein the HLA class 1 restricted peptide is measles virus

hemagglutinin peptide H250, and the cell-targeting peptide is a cancer cell targeting
peptide thatis H1299.3.

5. A method of making an antigen delivery system of claim 1, comprising the step(s) of:
surface modifying the PEGylated stealth liposomes loaded with the HLA class

restricted peptide by conjugating to the surface the cell targeting peptide.

6. A method of making an antigen delivery system of claim 1, comprising the step(s) of:
loading the PEGylated stealth liposomes by forming the liposomes in the presence
of the class restricted peptide; and
surface modifying the PEGylated stealth liposomes loaded with the HLA class

restricted peptide by conjugating to the surface the cell targeting peptide.

7. A method of using the antigen delivery system of claim 1, comprising the step(s) of:

introducing the antigen delivery system into a host in need thereof.
8. A method of using the antigen delivery system of claim 1, comprising the step(s) of:

introducing the antigen delivery system into a host in need thereof, and

detecting a resultant immune response or inhibition of the target cell.
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