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ABSTRACT

To elicit specific cellular immune responses against cancer, the devel
opment of efficient devices to deliver tumor antigen peptides to the MIK
class I pathway constitutes a central issue. We report here a novel formula
of hydrophobized polysaccharide nanoparticles, which can deliver a
HER2 oncoprotein containing an epitope peptide to the MHC class I
pathway.

A protein consisting of the 147 amino-terminal amino acids of oncogene
erbB-2/neu/HER2 (HER2) was complexed with two kinds of hydropho
bized polysaccharides, cholesteryl group-bearing mannan iCIIMi and
cholesteryl group-bearing pullulali (CHP), to form nanoparticles (CHM-
HER2 and CHP-HER2). CHM-HER2 and CHP-HER2 were able to in
duce CD3+/CD8+ CTLs against HER2-transfected syngeneic fibrosar

coma cell lines. In contrast, the oncoprotein alone failed to do so. These
CTLs were Kd-restricted and specifically recognized a peptide (position

63-71) that was a part of a truncated HER2 protein used as an Â¡mimmo-
gen. In addition, vaccination by CHM-HER2 complexes led to a strongly

enhanced production of IgG antibodies against HER2, whereas vaccina
tion with HER2 proteins alone resulted in a production of antibodies at a
marginal level. Mice immunized with CHM-HER2 or CHP-HER2 before
tumor challenge successfully rejected HER2-transfected tumors. The com
plete rejection of tumors also occurred when CHM-HER2 was applied not

later than 3 days after tumor implantation. In the effector phase of in vivo
tumor rejection, CD8+ T cells played a major role.

The results suggest that a sort of hydrophobized polysaccharide may
help soluble proteins to induce cellular immunity as well enhance humoral
immunity; hence, such a novel vaccine may be of potential benefit to
cancer prevention and cancer therapy.

INTRODUCTION

Recently obtained insights in the tumor rejection antigens (1,2), the
recognition of tumor antigen-derived peptides by CD8+ CTLs, and

the detailed mechanisms of antigen presentation to T lymphocytes
have newly sparked the enthusiasm for the concept of cancer vaccines
and provided us with the knowledge to design novel immunotherapy
strategies. Lately, the major focus has been on peptide or protein
vaccines in association with MHC molecules to elicit cytolytic im
munity; in fact, several investigators chose the approach of using a
soluble protein or a peptide with an anchor motif as a tumor immuno-
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gen to elicit cellular immunity with or without adjuvants (1-9). In
general, an exogenous soluble protein is not able to induce the CD8 +

CTLs. because it hardly enters the MHC class I pathway and is
generally internalized in the endosÃ³me (3-6, 8, 9). To overcome this

problem, researchers are trying to find suitable adjuvants (5, 6). With
or without adjuvants, some of them successfully induced CD8 + CTLs

with soluble proteins derived from protozoa, soluble ovalbumin, or
soluble oncoprotein (3-5, 8, 9). Earlier, we reported that a soluble

truncated hybrid protein of gag and env of human T lymphotropic
virus type 1 could induce specific CD8+ T-cell-dependent immunity

when reconstituted into mannan derivative-coated liposomes. The

protein alone failed to induce such an immune response. When macro
phages were blocked by carrageenan, the immune response was
abolished (6). Considering the increasing evidence for receptors that
can specifically bind polysaccharides (10, 11), we considered the
coating by polysaccharides as more important than liposomes for the
delivery of proteins. Therefore, we designed a novel and simple
protein delivery system for cancer immunotherapy: CHM5 and CHP

(12-14) complexed with the truncated protein encoded by the HER2
proto-oncogene, which is overexpressed with high frequency in
breast, stomach, ovarian, and bladder cancer (15-18) as well as in

other kinds of cancer (19). Recently, we demonstrated that HER2 can
be a target for immune responses against syngeneic murine HER2 +

tumor cells. We defined two different peptides, p63-71 and p780-
788, with a Kd anchor motif that can induce CD8+ CTLs (20). We

therefore prepared the truncated protein containing the 147 amino-
terminal amino acids of proto-oncogene HER2 for the present study,
including peptide p63-71. In this study, we investigated whether or

not the HER2 protein alone or complexed with CHM or CHP can
induce responses by CD8+ CTLs and tumor rejection specific for

HER2-expressing tumor cells. The humoral immune response against

HER2 generated by this novel vaccine was investigated. Its usefulness
for the prevention of tumor growth and the therapy of established
tumors was evaluated.

MATERIALS AND METHODS

Mice. In all experiments, 6-8-week-old female BALB/c mice purchased

from the Shizuoka Animal Laboratory Center (Shizuoka, Japan) were used and

maintained at the Animal Center of the Mie University School of Medicine
(Tsu, Japan).

Tumor Cell Lines. CMS7 and CMS 17 are 3-methylcholanthrene-induced

fibrosarcoma cell lines of BALB/c mouse origin (21). These cell lines were
transfected with human HER2 cDNA and designated CMS7HE and
CMSI7HE as described elsewhere (20). Pl.HTR is a mastocytoma cell line of
DBA/2 mouse origin (22).

mAbs. Antibodies were produced in 8-10-week-old female BALB/c nude
mice by injecting them with hybridoma cells producing anti-CD3 (145-2C11),

5 The abbreviations used are: CHM. cholesteryl group-bearing mannan; CHP. cho-
lesteryl-group bearing pullulan; CAB, carbonic anhydrase; RT, room temperature; mAb,
monoclonal antibody; APC, antigen-presenting cells; MR. mannose receptor; MMC,
mitomycin C; p, position.
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anti-CD4 (OKI.5). anti-CD8 (19/178), anti-I-Ad (MK-D6), anti-Dd (34-5-
8S), anti-K" (20-8-4), and anti-Ld (30-5-7) antibodies as described else

where (23).
Expression and Purification of 6His-HER2 Protein. Truncated HER2

cDNA encoding an amino-terminal portion (amino acid positions 1-147)
was amplified from a plasmid containing full-length cDNA (24) using a 5'
primer (S'-AGCTGCAGTGATCACCATGGAGCT-S') containing a Ben
site and a 3' primer (S'-TGAATTCTATGTGAGACTTCGAAGCTGCA-
3') containing an in-frame stop codon. The blunt-ended PCR product was

cut with Bell and cloned into BamHl and blunt-ended Hindlll sites of
pQEll (Qiagen, Hilden, Germany). JM109 was transformed with the
resulting plasmid, pQH5' and 6His-HER2 ended according to the manu
facturer's instructions. The recombinant protein was eluted at a low pH

value in 6 Murea in Tris-buffered saline and was immediately neutralized.
Typically. 20 mg of purified recombinant protein were obtained from 500
ml of confluent culture.

Preparation of Cholesteryl Group-bearing Polysaccharide Nanopar-
ticles. CHM-85-2.3andCHP-108-0.9were exactly the sameas those used in
previous works (12, 13). Mannan (MW = 85,000) and pullulan (MW =
108,000) were substituted by 2.3 cholesteryl moieties/100 mannose units of
mannan and 0.9 cholesteryl moieties/100 glucose units of pullulan, respec
tively. An appropriate amount of CHM or CHP was dissolved in DMSO and
dialyzed against PBS [150 mM(pH 7.9)]. After dialysis, the suspension was
sonicated using a probe type sonifier (TOMY; UR-200P, Tokyo, Japan) at 40
W for 10 min. The obtained suspension was filtered through three types of
membrane filters [Super Acrodisc 25; Gelman Science (pore size, 1.2, 0.45,
and 0.2 Â¿im)]to size down the particles and to remove dust. Finally, an
optically clear suspension was obtained. The cholesteryl group-bearing
polysaccharides formed nanoparticles by self-aggregation, and their diameter
was 20-30 nm (12, 13).

Preparation of HER2 Protein and Cholesteryl Group-bearing Polysac
charide Complexes. The HER2-derivedprotein described above was dis
solved in 6 Murea. The protein solution (2.0 mg/ml) was mixed with 2.1 ml of
a suspension of cholesteryl-bearing polysaccharides (5.7 mg/ml) at RT, result
ing in the formation of a CHM-HER2 or CHP-HER2 complex (CHM or CHP,
5.0 mg/ml; protein, 0.25 mg/ml; 0.75 Murea; Refs. 13 and 14).CHP-CAB and
CHM-CAB (Sigma) complexes were prepared as controls using the same
method (13, 14).

In Vivo Immunization. CHM-HER2 or CHP-HER2complexes were ad
ministered to BALB/c mice s.c. twice (20 /xg of protein and 400 /ig of CHM
or CHP per injection) at a 1-week interval. CHM-CAB complex, CHP-CAB
complex, HER2 or CAB protein alone, and CHM or CHP alone, respectively,
were also injected into BALB/c mice as controls. One week after the second
immunization, mice were challenged with 5 X IO5CMS7HE or CMS7neo s.c.,

or spleen cells were obtained for the generation of CTLs.
Generation of CTLs. Spleen cells from immunizedmice were suspended

at a concentration of 4 X IO6cells/ml in RPMI 1640with 20% PCS, 5 x 10~5

M2-mercaptoethanol, penicillin (100 units/ml), streptomycin (100 /Â¿g/ml),and
glutamine (0.2 mg/ml). 4 X IO7spleen cells were cocultured with 4 X IO6

MMC-treated CMS17HE tumor cells in upright 50-ml tissue culture flasks in
a total volume 20 ml of medium at 37Â°Cin 5% CO2 for 1 week. Cytotoxic
activity was examined by the 5lCr release assay.

Peptide Pulsing. HER2-derivedp63-71 (TYLPTNASL)and p440-448
(AYSLTLQGL) peptides (20) were synthesized at Chiron Mimotopes (Mel
bourne, Australia). ERK2-9m peptide was prepared as described elsewhere
(23). This molecule is also presented in a Kd-restrictedmanner (23). Pl.HTR
cells (1 X IO6)were washed by plain RPMI and then resuspended in 500 /Â¿I

of plain RPMI. IO Â¿ilof peptide solution (1 mg/ml in PBS) were added and
incubated for 15 min at RT. RPMI (500 ju.1)with 20% PCS was added and
incubated for 45 min at RT, followed by another round of incubation at 37Â°C

for 1 h. Finally, the suspension was washed twice by plain RPMI. Thereafter,
the pulsed cells were used as target cells for CTLs.

5lCr Release Cytotoxicity Assay. The assay was performed as described
elsewhere (25); briefly, IO6target cells were suspended in 20 /Â¿Iof pure FCS.
"Cr (50 ft\; 100 mCi) was added. After 1.5 h of incubation at 37Â°Cand 5%

CO2,the labeled cells were washed twice with plain RPMI and adjusted. As for
the effector cells, BALB/c mice were immunized as described above. Pooled
spleen cells (1 X IO7) from two BALB/c mice were incubated for 7 days
together with MMC-treated CMS17HEcells (respondenstimulator ratio, 20:1).

These stimulated cells and labeled tumor cells were adjusted at the appropriate
E:T ratio. All cells were plated on round-bottomed 96-well plates and incu
bated for 14 h at 37Â°Cand 5% CO2. Supernatants were harvested, and the

radioactivity was measured by y scintillation counter Clini-gamma 1272
(Wallac Oy, Turku, Finland). The percentage of specific 5lCr release was
calculated as [(a - Â¿)/(100- b)] X 100, where a is the percentage of 5lCr

released from target cells incubated with lymphocytes, and b is the percentage
of 5'Cr released spontaneously from target cells incubated alone. For the
blocking of in vitro cytotoxicity 51Crrelease Cytotoxicityassay was performed

in the following way: 50-/il volumes of serially diluted mAbs were incubated
with a mixture of 4 x IO5immunized spleen cells suspended in 50 n\ of 10%
PCS RPMI 1640 and 1 x IO451Cr-labeledtarget cells suspended in 100 p.\ of
10% FCS RPMI 1640 for 10-12 h at 37Â°C,followed by measurement as

mentioned above.
Blocking of in Vivo Tumor Rejection by mAbs. Mice were immunized

with CHM-HER2 complex twice at a 1-week interval. One week after the
second immunization, mice were challenged with 5 X IO5CMS7HE tumor

cells. One day before the tumor challenge, mAbs (50 /nl) against CD4, CDS,
or both were injected i.v. to the respective group of mice. The antibody titers
and the amount of ascites were equivalent by the fluorescence-activated
cell-sorting analysis to ascites preparations used earlier by Udono et al. (26),
who showed that T cells are completely blocked during a 2-week period after
administration.

Collection of Mouse Sera and ELISA for HER2-specific Antibodies.
BALB/c mice were immunized with CHM-HER2 or HER2 protein alone,
respectively, two times at a 1-week interval, and sera were collected from
the immunized mice. The ELISA for specific antisera against the HER2
truncated protein was performed as follows: 96-well flat-bottomed micro-
liter plates (Immuno-NUNC) were coated with 10 ng/50 jul of truncated
HER2 or CAB protein (negative control), respectively, at 4Â°Covernight.

All wells were blocked with IX PBS/1% BSA (100 /Â¿I/well;Sigma) for l h
at RT. The wells were washed three times with distilled water. Mouse sera
(75 /xl) were added and incubated at 4Â°Cfor 10 h. The sera were diluted

with IX PBS/1% BSA from 1:100 to 1:312,500. After washing, goat
antimouse IgG conjugated with horseradish peroxidase was added to the
wells at a 1:5,000 dilution in 1X PBS/1% BSA and incubated at 4Â°Cfor
10 h. After the final washing, the 3,3',5,5'-tetramethylbenzidine peroxidase

substrate solution (Bio-Rad Laboratories, Hercules, CA) was added to each
well. Color reaction was stopped with IN H2SO4, and the absorbance was
measured at 405 nm. The absorbance of each dilution was calculated as the
absorbance of the sera-added wells minus the absorbance of the wells
without sera.

RESULTS

Induction of HER2-specific CDS"1"CTLs by in Vivo Priming

with CHM-HER2 or CHP-HER2 Complexes. BALB/c female
mice were s.c. immunized twice at a 1-week interval with HER2
protein complexed with cholesteryl group-bearing polysaccharides
or controls. Spleen cells were obtained from animals 1 week after
the second immunization and sensitized in vitro with MMC-treated
CMS17HE cells as described in "Materials and Methods." Killer
cell activity was measured by the 51Crrelease assay with CMS7HE

and CMS17HE cells or CMS7neo and CMS17neo cells as targets
(Fig. 1). Killer cell activity specific for HER2-expressing target
cells was induced from the spleen cells of animals immunized with
complexes of cholesteryl group-bearing polysaccharides (CHM or
CHP) and HER2 protein (Fig. 1). No HER2-specific killer activity
was induced from spleen cells derived from the mice immunized
with complexes of cholesterol-bearing polysaccharides and control
protein CAB, CHM or CHP alone, HER2 protein alone, or CAB
protein alone. Because consistent specific killer activity was in
duced in mice immunized with complexes containing 20 /xg of the
protein or more, 20 /u.ghave been used throughout the entire study.
The specific killer activity induced in animals immunized with the
CHM-HER2 complex was blocked in vitro with mAbs against
CD3, CDS, or Kd (Fig. 2A). In contrast, mAbs against CD4, I-Ad,
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Fig. 1. MCr release cytoxicity assay against HER2-expressing

tumor cells. Nine groups of two BALB/c mice each were immu
nized s.c. twice weekly with the following substances: a. CHM-
HER2 protein complex; h, CHM-CAB protein complex; c, CHM
alone; d, CHP-HER2 protein complex; e. CHP-CAB protein com
plex;/, CHP alone; g, HER2 protein alone; It. CAB protein alone;
and /'. none. The spleen cells from the mice of each group were

pooled and cultured for 1 week in the presence of MMC-treated
CMSI7HE cells, and then the assay was performed. Only choles
terol-bearing polysaccharide (CHM or CHP)-HER2 protein com
plexes induced cytotoxic killing activity. Target cells: â€¢¿�.
CMS7HE (HER2*); â€¢¿�,CMSI7HE (HER2^)\ G. CMSVneo
(HER2-); O. CMSIVneo (HER2~).
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Ld, or Dd did not show any significant blocking activity. The
results suggest that the induced killer cells are Kd-restricted CD8 +

CTLs.
CD8+ CTLs Primed with the CHM-HER2 Complex Recognize

Peptide p63-71 from a Truncated HER2 Protein. We recently
reported that in BALB/c mice, peptide p63-7l derived from HER2
can be recognized by CD8+ CTLs in the context of Kd (20). We

therefore asked whether CTLs induced in BALB/c mice primed with

the CHM-HER2 complex can also recognize the same antigen pep

tide, because the truncated HER2 protein consists of 147 amino acids
from the amino terminus. Pl.HTR cells pulsed with peptides were
subjected to a MCr release assay using CTLs derived from mice

immunized with CHM-HER2. The CTLs specifically lysed Pl.HTR
cells pulsed with HER2-derived peptide p63-71, but not Pl.HTR cells
pulsed with other peptides with Kd binding motives or nonpulsed

target cells (Fig. 25).

B

100

30 15 7.5
En ratio

Target cells : Pl.HTR pulsed with

HER2 peptide p63-71
HER2 peptide p440-448

ERK2 -9m peptide

Fig. 2. A. phenotype of the killer cells induced by the CHM-HER2
protein complex. Killer cells were blocked in vitro with mAbs as
specified in the symbol legend of the graph. The CTL assay was
performed with such treated killer cells at an E:T ratio of 40:1. mAbs
against CDS, CD3. or Kd blocked the cytotoxic activity of these killer
cells, fi, specific recognition of HER2 peptide p63-7l by CHM-
HER2-induced CTLs. With CTLs induced with CHM-HER2, the "Cr

release CTL assay was performed against Pl.HTR tumor cells pulsed
with HER2-derived peptide p63-71. HER2-derived peptide p440-
448. or 9m peptide derived from an unrelated ERK2 protein and the
nonpulsed Pl.HTR tumor cells.
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Fig. 3. Antibody production in immunized BALB/c mice with CHM-HER2
or HER2 alone. Titration of sera from mice immunized with CHM-HER2 (Al)
or HER2 alone (A2) was performed using the sera collected at different days
after immunization. The specificity of the sera from CHM-HER2-immunized

mice was tested against HER2 truncated protein (ÃŸ).An unrelated protein,
CAB, served as a negative control.
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Immunization with the CHM-HER2 Complex Strongly En
hances Humoral Immune Response Specific for HER2. The sera
of mice sacrificed on day 0 (before immunization) or days 6, 12, or
18 after immunization with CHM-HER2 or HER2 alone were
assayed by ELISA for the presence of antibodies specific for
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Fig. 4. Protection from HER2* tumors in vivo. The growth of tumors in mice

inoculated with CMS7HE (left column) or CMS7neo (right column), respectively, was
observed after previous immunization with CHM-HER2 (first row). CHP-HER2 (second

row), and HER2 alone (third row) and with no immunization (fourth row). Tumor
suppression was found only in the mice immunized with the CHM-HER2 or the CHP-
HER2 complex and challenged with HER2-expressing CMS7HE tumor cells. The exper
iment was repeated twice with similar results. Each group consisted of three mice. One
line represents the results in a single mouse.

HER2. Mice immunized by CHM-HER2 had very high titers of
IgG against HER2 on days 12 and 18 after immunization. On day
6 after immunization, only low-IgG titers were detected. Mice
showed no significant IgG titer before immunization (Fig. 3AÃŒ).In
contrast, the induction of IgG production by HER2 protein only
was rather marginal, even when measured on day 18 after immu
nization (Fig. 3A2). When the sera of CHM-HER2-immunized
mice were tested for the specificity of their binding to HER2 and
to the unrelated protein CAB, the binding to HER2 was very strong
over a wide range of dilution. There was no binding affinity of the
IgG molecules toward CAB. Fig. 3ÃŸshows representative data
from sera collected on day 12 after immunization.

Immunization with the CHM-HER2 or CHP-HER2 Complex
Can Induce the Protection of Animals from HER2-expressing
Tumor Cells. Naive BALB/c mice were immunized s.c. twice at a
1-week interval with CHM-HER2, CHP-HER2, or HER2 protein
alone, respectively. One week after the second immunization, the
animals were challenged with 5 X IO5 CMS7HE cells or, as a

control, with CMS7neo cells, respectively. Protection from
CMS7HE tumor cells was observed only in mice immunized with
CHM-HER2 or CHP-HER2 (Fig. 4). No protection from CMS7HE
tumor cells was observed in mice immunized with HER2 protein
alone or in those that received no immunization. All mice chal
lenged with the control CMS7neo developed tumors regardless of
the kind of immunization. We also asked whether immunization
with the CHM-HER2 complex might show any therapeutic effect
against HER2-expressing tumor cells. BALB/c mice received
5 X IO5 HER2-expressing CHM7HE tumor cells and were given
weekly immunizations of 20 /u,g of the CHM-HER2 complex
starting on the day of the challenge or 3, 7, or 14 days after the
tumor challenge, respectively. Complete tumor rejection was ob
served when the immunization was initiated, either from the day of
tumor challenge or sooner than 3 days after the tumor challenge
(Fig. 5). When the vaccination was started 7 days after the tumor
inoculation, tumor growth decelerated only minimally. Treatment
initiated on day 14 did not show any influence on tumor growth.

CD8+ T Cells Are the Major Effector Cells in Vivo for the
Rejection of HER2+ Tumors. We questionedwhetherCD8+ T cells
were also the effector cells in vivo for the prevention of HER2-
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Fig. 5. Therapeutic effects of the CHM-HER2 vaccine. BALB/c mice were challenged with 5 X IO5 CMS7HE s.c. on day 0 and given CHM-HER2 complex containing 20 /Â¿gof

protein s.c. once a week, starting on day 0 (a), 3 (fc), 7 (c), or 14 (d). The therapy was completely effective when started 3 days after tumor challenge and partially effective when started
7 days after tumor challenge, hut it was ineffective when started 14 or 21 days after tumor challenge. Five mice were used for each experimental group.

expressing tumor cells. After the second immunization with CHM-

HER2, the mice were given mAbs against CD4, CDS, or their com
bination 1 day before the tumor challenge. As shown in Fig. 6, the
suppression of tumor growth was abolished by the administration of
mAbs against CDS or by a combination of mAbs against CD4 and
CDS, but not by the administration of mAbs against CD4 alone.

DISCUSSION

Lysis of tumor cells by CD8 + CTLs has been demonstrated to be

an important effector mechanism of tumor defense and rejection. They
destroy target cells by recognizing epitope peptides in a MHC class
I-restricted manner. In certain murine tumor systems, epitope peptides
recognized by CD8+ CTLs have been identified, and the feasibility of

vaccination with those peptides for either the prevention or treatment
of tumors has been demonstrated (20, 23, 27).

However, immunization with a single epitope containing one anchor
motif occasionally resulted in weak and limited immunological re

sponses. Soluble proteins with epitope peptides may be alternative can
didates for vaccines. By more stimulation from various types of potential
CTL and T helper epitopes with different anchor motifs (8), protein
antigens may have more potential to elicit immunological responses in a
wider range than single peptides; therefore, the protein-induced immunity
may be stronger than the immunity induced by a single-epitope peptide.

Although the use of recombinant soluble proteins containing epitope
peptide sequences is a promising approach, failure to induce specific
CD8+ CTL activity by immunizing hosts with such exogenous protein

molecules has been experienced repeatedly. Investigators have been
looking for ways to overcome these problems by novel approaches to
induce MHC class I-restricted CTL activity using recombinant proteins.

Adjuvants whose usefulness for the induction of CD8+ T-cell-

dependent immune responses has been demonstrated thus far are
mainly detergents like QS21 (28) or molecules forming micellar
structures like liposomes (29). These detergents might help the protein
of the vaccine to penetrate the cell membrane more easily (29).
Substances like ISCOMS (immunostimulating complexes) (30) might
combine the characteristics of both groups. Furthermore, derivatives
from the molecules of bacterial walls like monophosphoryl lipid A
(31) might enhance the induction of CDS+ CTLs through the activa

tion of macrophages functioning as APCs.
In our present study, the HER2 protein required a sort of hydro-

phobized polysaccharide for the induction of a CTL response (Fig. 1)
and the rejection of HER2-expressing tumor cells in vivo (Fig. 4).
These CTLs were Kd-restricted CD8+ T lymphocytes that specifically

recognized HER2-derived peptide p63-71 (Fig. 2fl), a part of the
HER2 protein used for the vaccine, indicating that a soluble onco-

protein could enter the class I pathway with the help of CHM or CHP.
The mechanism, how CHM and CHP protein complexes are MHC

class I presented, remains to be elucidated. The hydrophobized po-

lysaccharides form hydrogel nanoparticles whose corona consists of a
polysaccharide skeleton (12, 13). On the other side, most of the
mammalian cells express carbohydrate receptor(s) or carbohydrate
transferase(s) on the cell surface. For example, the MR (10) and a
homologous receptor, DEC-205 (11), are expressed on macrophages

or dendritic cells. Both receptors have carbohydrate recognition do
mains, which are thought to increase both the affinity and diversity of
carbohydrates bound to these receptors (10). MR and DEC-205 are

viewed as pattern recognition molecules that provide APCs with some
capacity to bind other non-self-soluble molecules including proteins
on the basis of glycosylation or/and hydrophobicity. Previous inves-

tÂ£NCOoE3300200100oano
mAb^Ã•AW naive anti-CD4 anti-CD8 anti-CD4+

anti-CDB

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

Time after tumor inoculation (days)
Fig. 6. Characterization of the effector cells for the rejection of HER2 * tumors. All of the mice were immunized with CHM-HER2 twice weekly. One week after the second

immunization, the mice were challenged with 5 X IO5 CHM7HE cells. One day before the challenge, mAbs against CD4 (c), CDS (</), and both CD4 and CDS (e) or no mAbs (a)
were given i.V., respectively. Naive mice receiving neither CHM-HER2 nor antibodies served as a control (6). Each group consisted of five mice. One line represents the results in
a single mouse.
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tigations by us (J. S. and K. A.; Refs. 13, 32, and 33) also revealed that
our hydrophobized polysaccharide particles and these polysaccharide-

coated liposomes are effectively internalized into mammalian cells by
receptor-mediated endocytosis. When we use the CHM- or CHP-

protein complex, the carbohydrates help the actual cell uptake of the
complexed protein. Moreover, the cholesteryl group-bearing polysac

charide effectively coats the surface of lipid bilayer membranes (32).
This may enhance the ability of the complexed protein to permeate the
cytoplasm and/or endosomal membranes and to be directly delivered
to the cytosol, escaping from its damage by lysosomal enzymes. The
coating by CHM and CHP might protect proteins from being cleaved
by enzymes in the endosÃ³me (13, 32, 33). In fact, the mannose-coated

particles can be phagocytosed by APCs such as macrophages or
dendritic cells via the MR on their surface. At low ligand concentra
tions, the MR efficiently delivers a large number of ligands to the
MHC class II compartments (34).

Because the vaccine used in the present study consists of nanopar-

ticles resulting from complex formation with CHM or CHP, compared
with the soluble protein alone, such particles might be more efficiently
endocytosed by MR+ or DEC-205 + APCs, delivered to the endoso
mal compartment or the cytosol, and eventually presented to CD4+ T

cells. As a result, a T helper cell response will be induced, which may
stimulate B cells and/or CD8+ T cells, resulting in IgG antibody

production and/or CTL maturation. That may explain why the CHM-

HER2 vaccine efficiently enhanced the specific humoral immunity of
IgG class induced by HER2 protein (Fig. 3A), and why glycan-coated

vaccines by time induced a stronger immune response than did other
conventional vaccines (3).

On the other hand, after binding to MR or DEC-205 and phagocytosis
into endosomal vesicles, the self-aggregated nanoparticles undergo dis-

aggregation to bind to the endosomal membrane due to the lipophilicity
of the cholesteryl moieties (32). As a result of this process, the entrance
of the protein could escape from the endosÃ³me to the cytosol, and
processing of the protein-derived peptides in the endoplasmatic reticulum

and presentation by MHC class I molecules would be facilitated.
We could show that the final effector T cells for tumor rejection in vivo

are CD8+ T lymphocytes (Fig. 6), in accordance with the in vitro data

(Fig. 2). Blocking by mAbs against both CD4 and CDS showed a limited
additional effect compared with the blocking by mAbs against CDS
alone. This may indicate that the contribution of CD4"1"cells in the

effector phase of tumor rejection is rather limited in this system.
The mixture of the cholesteryl group-bearing polysaccharides and the

oncoprotein activates a rich armamentarium of immunological effector
cells and therefore may be useful not only for the prevention of tumors
but also, to some extent, for the therapy of cancer as well as that of
various infectious diseases that require T-cell-mediated immunity.

At present, we are investigating whether the simultaneous applica
tion of cytokines such as granulocyte macrophage colony-stimulating

factor or/and interleukin 12 could improve the therapeutic efficacy of
our vaccine.
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