
Abstract. Mouse polyomavirus-like particles (MPyV-VLPs)
carrying inside a fragment of the Bcr-Abl hybrid protein
containing the epitope of chronic myeloid leukemia fusion
region were prepared. A sequence encoding 171 amino acids
covering Bcr-Abl breakpoint was fused to the C-terminal part
of VP3 minor protein connecting it to the VP1 capsomeres.
Chimeric particles, the Bcr-Abl VLPs, were tested for their
ability to induce Bcr-Abl specific immune response in mice
after their intranasal (i.n.) or intraperitoneal (i.p.)
administration without any other adjuvants. Bcr-Abl VLPs
induced strong anti-VP1 immune response in both i.n. and
i.p. immunized mice. As expected, neither IgG nor IgM
anti-Bcr-Abl specific antibodies were detected in the sera of
immunized animals. Surprisingly, no specific CTL (cytotoxic
T-lymphocyte) activity was proved using two different methods
(in vitro cytotoxicity assay with CFSE-labeled target cells
and highly sensitive cytotoxicity assay using MHC class I
Bcr-Abl specific pentamers). In addition, no proliferative
response of T-cells of i.n. immunized mice after in vitro
restimulation with antigen-pulsed bone marrow-derived
dendritic cells was observed. Taken together, Bcr-Abl break-
point epitopes appeared to be weak immunogens and even
MPyV-VLPs did not provide sufficient adjuvant ability to
support induction of immune responses specific to Bcr-Abl
fusion zone epitope. 

Introduction

Chronic myeloid leukemia (CML) is characterized by a
reciprocal translocation between chromosomes 9 and 22.

As a consequence of translocation, parts of the abl gene
become fused with breakpoints of the bcr gene. Resulting gene
products, Bcr-Abl fusion proteins, contain a new sequence of
amino acids in the breakpoint region which is not present in
any other known proteins. The most frequent mRNAs contain
junctions b2a2 or b3a2 (in the second or third bcr exones and
in the second abl exon) resulting in the expression of fusion
protein p210Bcr-Abl. The newly produced fusion protein is
characterized by abnormally high activity of tyrosine kinase
mediated by the SH1 domain of the Abl protein (1). As the
junctional sequences of Bcr-Abl are only expressed in leukemic
cells, they might be promising tumor specific targets for the
immunotherapy. Both human studies in vitro or in vivo and
in vivo mouse model studies have demonstrated that leukemia
associated antigens such as the peptides derived from break-
point region of fused Bcr-Abl protein may serve for immuno-
therapy. Rojas et al (2) reported that the administration of
peptide vaccines derived from b3a2 gene breakpoint generated
T-cell responses in the majority of patients. In a mouse
model, chaperon-rich liver cell lysate embedded with MHC
restricted Bcr-Abl peptide generated potent immunity against
pre-established murine leukemia, in contrast to administration
of the Bcr-Abl peptide alone or chaperon-rich liver cell lysate
without the peptide (3). 

VLPs derived from viruses of different viral families are
being intensively studied as inducers of immune responses
not only against viral capsid proteins themselves but also as
stimulators of immune responses against foreign epitopes
carried by chimeric VLPs (4-6). Previously, we developed
VLPs derived from mouse polyomavirus (7-9). Polyoma-
viruses are small non-enveloped viruses with 5.3 kbp circular
genome DNA. The icosahedral capsid is formed by 72 penta-
mers of the major structural protein VP1. The minor capsid
proteins, VP2 and VP3, are not exposed on the surface of
polyomavirus capsids. Their common C-termini interact with
the central cavity of VP1 pentamers, while their N-termini are
oriented towards the nucleocore. Neither VP2 nor VP3 is
required for VLP formation. VP1 produced in insect or yeast
cells is able to self-assemble into VLPs in the cell nuclei.
VLPs can be formed in vitro from VP1 pentameres produced
in E. coli (7,10,11). MPyV-VLPs, like native virions, enter
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cells by receptor-mediated endocytosis via VP1 interaction
with the ganglioside receptors GD1a or GT1b (12). 

MPyV-VLPs are highly immunogenic, enter different
types of cells including mouse and human dendritic cells
and are able to reach a broad range of mouse tissues after
different types of administration (8,13,14). Several studies
followed the immune responses evoked by MPyV-VLPs. It
was shown that MPyV-VLPs induced both humoral and
cellular immune responses and their application protected
mice against polyomavirus infection (15,16). Furthermore,
exploitation of MPyV-VLPs as carriers of foreign epitopes
has been examined. Several types of chimeric VLPs were
prepared and used in different immunization protocols (17-19).
In some studies, the short epitopes were exposed on the
surface of the particle by insertion into the surface loops of
the major structural protein VP1. 

Previously (13), we studied the model of chimeric MPyV-
VLPs containing enhanced green fluorescence protein
(EGFP) fused with the C-terminal part of the VP3 minor
capsid protein inside the particles (EGFP-VLPs). We showed
that the particles entered mouse and human dendritic cells
efficiently and were processed by both lysosomes and protea-
somes. They induced secretion of interleukin 12 (IL-12) by
mouse and human dendritic cells in vitro. In the following
study (20), we used EGFP-VLPs for immunization of mice.
Splenocytes of immunized mice (restimulated in vitro with
EGFP pulsed bone marrow derived dendritic cells) exhibited
remarkable T-cell proliferative response specific for EGFP
and secreted IL-2 and interferon-Á (IFNÁ). We observed that
splenocytes from mice immunized by EGFP-VLPs exhibited
stronger T-cell proliferation response than splenocytes from
mice immunized by EGFP administered with Freund's
adjuvant. 

In this study, we were interested whether virus-like particles
derived from mouse polyomavirus carrying Bcr-Abl fusion
sequences would be able to promote induction of Bcr-Abl
specific immune response in mice after their intranasal or
intraperitoneal administration.

Materials and methods

Plasmid construction and generation of recombinant baculo-
viruses. Sequences of human fusion protein p210bcr-abl were
obtained from pGD210 plasmid (21). Recombinant baculovirus
was prepared for production of chimeric MPyV-based VLPs,
carrying epitope covering b3a2 breakpoint of Bcr-Abl fusion
protein. For preparation of Bcr-Abl VLPs, the plasmid
(pFastBacDual-VP1/tVP3), carrying the MPyV genes for
the major structural protein, VP1, and the truncated minor
structural protein VP3 (tVP3) under the polyhedrin promoter
and p10 promoter respectively was kindly provided by M.
Marek (unpublished data). Sequence of p210bcr-abl, 171 amino
acids long (aa810-aa981), covering newly created lysine 928
of b3a2 breakpoint was amplified by PCR. PCR primers were
designed to introduce sequences of FLAG epitope upstream
of Bcr-Abl sequences for easy detection of inserted amino
acids. The PCR fragment was inserted into pFastBacDual-
VP1/tVP3 to generate the plasmid pFastBacDual-VP1/
Bcr-Abl171-tVP3, where FLAG-Bcr-Abl sequences were
connected in frame with 5-end of tVP3 sequences. The donor

plasmid pFastBacDual-VP1/Bcr-Abl171-tVP3 was then used
for preparation of recombinant baculovirus, according to
Invitrogen instructions (22) and O'Reilly et al (23).

Cell cultures. Spodoptera frugiperda (Sf9) cells were grown
as monolayer cultures at 27˚C in TNM-FH medium (Sigma)
containing 10% fetal calf serum (FCS, Gibco) as described
by Hink (24). Swiss albino mouse fibroblasts 3T6 were grown
at 37˚C, 5% CO2 in Dulbecco's modified Eagle's medium
(DMEM; Sigma) supplemented with 4 mM L-glutamine
(Gibco) and 10% FCS.

Antibodies. The following antibodies were used for immuno-
staining and as a positive control for detection of antibodies
by ELISA: anti-MPyV VP1 mouse monoclonal antibody (7),
rabbit polyclonal antibody against the epitope created by
the fusion of Bcr and Abl proteins (25), mouse monoclonal
anti-Flag antibody (Sigma), mouse monoclonal anti-MPyV
VP2/3 antibody (7). Secondary antibodies: Alexa Fluor-488
(green) goat anti-mouse antibody (Molecular Probes) for
immunofluorescence staining, goat anti-rabbit IgG antibody
conjugated with 10 nm gold particles for immunoelectron
microscopy (British Biocell Int.), goat anti-mouse IgG
horseradish peroxidase-conjugated antibody (Bio-Rad) or
goat anti-mouse IgM horseradish peroxidase-conjugated
antibody (Sigma) for detection of specific antibodies in the
sera of mice by ELISA and for Western blot analysis. Rat
anti-mouse CD19 antibody conjugated with PE-Cy5
(ProImmune, Oxford, UK), rat anti-mouse CD8 antibody
conjugated with FITC (ProImmune, Oxford, UK), mouse
anti-mouse MHCII antibody conjugated with FITC (Serotec,
Kidlington, UK) and rat anti-mouse CD86 antibody
conjugated with R-PE (Molecular Probes) were used for flow
cytometric analysis.

Synthetic peptides and MHC class I pentamers. The peptide
covering Bcr-Abl fusion region GFKQSSKAL (9-mer Bcr-
Abl peptide), the control HYLSTQSAL peptide (referred
as irrelevant peptide), both used for pulsing of dendritic cells,
and longer Bcr-Abl peptide (18-mer Bcr-Abl peptide) HSAT
GFKQSSKALQRPVA used for control mice immunization
were synthesized by Clonestar Peptide Services (Prague, Czech
Republic). R-PE labeled murine H2-Kd/GFKQSSKAL MHC
class I pentamers were synthesized by ProImmune (Oxford,
UK).

Preparation of virus-like particles. Insect cells Sf9 were
infected (10 PFU per cell) with recombinant baculovirus
carrying the genes for production of VP1 and Bcr-Abl171-tVP3
or with baculovirus for production of VP1 only. Cells were
harvested 72 h post infection, lysed and virus-like particles
were purified by CsCl and sucrose gradients as described
previously (7). The quality of preparation was examined by
SDS-PAGE, Western blotting and by electron microscopy.
The amounts of VP1 were determined by Bradford method.

SDS-PAGE and Western blot analysis. Purified chimeric VLPs
boiled for 5 min in Laemmli loading buffer were separated
on 10% SDS-polyacrylamide gels. Proteins were stained with
Coomassie brilliant blue to estimate an average number of
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Bcr-Abl171-tVP3 molecules incorporated into each VLP and
densities of VP1 and Bcr-Abl171-tVP3 bands were measured.
For Western blot analysis, proteins were electro-transferred
onto a nitrocellulose membrane (Sigma). The membranes
were incubated in 5% fat-free milk in PBS for 1 h. Subsequent
immunostaining with primary and secondary antibodies was
carried out by incubation for 1 h and 30 min respectively, with
intensive washing with PBS after both incubations. Proteins
were exposed to X-ray film using chemiluminescence
detection system (ECL, Amersham).

Electron and immunoelectron microscopy. For morphology
analysis, VLPs were adsorbed on carbon-coated parlodion
membrane of electron microscopy (EM) grids and activated
with glow discharge. Grids were then washed in redistilled
H2O and contrasted on a drop of phosphowolframic acid. For
immunoelectron microscopy analysis, grids with adsorbed
VLPs were incubated with a drop of primary antibody, washed
in PBS and exposed to colloidal gold-conjugated secondary
antibody. Grids were washed in redistilled H2O and finally
contrasted by phosphowolframic acid. For detection of Bcr-Abl
epitopes, the VLPs were disassembled into pentamers by
treatment with 10 mM DTT (Roche) prior to adsorption to
uncover epitopes for anti-Bcr-Abl antibody.

Immunofluorescence staining. Cells growing in a 24-well
dish on cover slips were transferred on ice and pseudo-
infected with VLPs (104 VLPs per cell). After 30-min
adsorption of VLPs on the cell surface (at 0˚C), cells were
either fixed immediately or supplied with 0.5 ml of warmed
(37˚C) DMEM with 10% FCS, incubated for 1 h at 37˚C
and then fixed. Fixing (after rinsing cells with PBS) was
performed with 3% paraformaldehyde in PBS for 15 min.
Cells were further permeabilized using 0.5% Triton X-100
(Sigma) in PBS for 5 min. Fixed cells were saturated by
0.25% bovine serum albumin (BSA; Sigma) and 0.25%
gelatin (Sigma) in PBS. Immunostaining with primary and
secondary antibodies was carried out by incubation for 1 h
and 30 min respectively, followed by washing with PBS after
each incubations. 

Mice. Female mice (BALB/c) at the age of 7-10 weeks were
used in the experiments. The experiments were approved by
the local Animal Ethics Committee.

Immunizations. Mice were divided into groups and immunized
intranasally with two doses or intraperitoneally with four
doses of chimeric (or wild-type, composed of VP1 only)
VLPs in two week intervals. Some groups of animals were
immunized with Bcr-Abl peptide (18-mer) twice, first in CFA
(complete Freund's adjuvant) second in incomplete Freund's
adjuvant. The amount of protein used for immunization was
50 μg/dose/mouse. Twelve to 14 days after the last
immunization, animals were bled by tail snipping under total
anesthesia with Narcotan and then sacrified. Spleens were
removed and analyzed.

Bone marrow-derived dendritic cell generation. To generate
mouse bone marrow-derived dendritic cells (BMDCs), bone
marrow was flushed from femurs and tibias of BALB/c mice.

Cells (1x106 cells/ml) were plated for 5 days in RPMI-1640
medium (Sigma) containing 10% fetal calf serum (Sigma),
antibiotics (100 U/ml of penicillin, 100 mg/ml of strepto-
mycin), 10 mM HEPES buffer and 5x10-5 M 2-ß mercapto-
ethanol (CM, complete medium), and 5% culture supernatant
from a cell line transfected with the murine GM-CSF gene (26)
was used as a source of GM-CSF equal to 100 U/ml rmGM-
CSF. Every second day, the cultures were fed by half volume
of the medium with addition of fresh CM with GM-CSF.

Pulsing of BMDCs with VLPs or Bcr-Abl peptides. Five days
old BMDCs were seeded in 24-well plate at the concentration
of 1x106 cells/well in RPMI medium without FCS. VLPs
composed of VP1 only (5 μg/well) or 18-mer or 9-mer Bcr-Abl
peptide or irrelevant peptide (10 μg/well) were added to the
cultures and incubated at 37˚C in a 5% CO2 incubator. After
1 h, CM was added to the cells and incubation continued for
another 4-20 h. Control (unpulsed) DCs and pulsed dendritic
cells (pDCs) were used as stimulatory cells. To control the
BMDC activation state, the presence of surface markers
CD86 and MHC II was analyzed by flow cytometry. BMDCs
pulsed by lipopolysaccharide (LPS) and untreated BMDCs
served as controls.

Cell proliferation analysis. Single-cell suspensions from the
spleens of BALB/c mice were prepared in CM. Effector cells
(1.5x106) were labeled with 2 μM carboxyfluorescein
diacetate succinimidyl ester (CFSE, Molecular Probes) and
cultivated with pulsed or unpulsed DCs (3x105) in 48-well
plate for 4 days. Proliferation of T cells was evaluated by
gradual CFSE dilution in dividing T cells by flow cytometry.

ELISPOT assay. Spleens from mice immunized with Bcr-Abl
VLPs or VLPs composed of VP1 only (wt VLPs) or with
PBS were homogenized 12 days after the last immunization
and lymphocytes were separated as described (27). Pooled
splenocytes were cultivated in vitro in the presence of 0.01 μg
of 9-mer Bcr-Abl peptide or 18-mer Bcr-Abl peptide. After
5 days, the response of IFNÁ-producing cells was detected
by ELISPOT as described previously (27). The spots were
evaluated by the Eli.Scan ELISPOT Scanner (A.EL.VIS,
Hannover, Germany).

Cytotoxicity assay using target cells labeled with two different
CFSE intensities. Spleen cells from immunized mice were
restimulated in vitro by 4-day incubation with DCs pulsed
with VLPs or Bcr-Abl peptide and used as effector cells for
in vitro cytotoxicity assay. VLP and Bcr-Abl peptide pulsed
DCs were labeled with 0.6 μM CFSE for 5 min (high intensity)
and DCs pulsed with irrelevant peptide were labeled with
0.04 μM CFSE for 3 min (low intensity). Both fractions were
adjusted to a similar concentration, mixed at ratios 1:1 and
used as target cells. Effector cells were mixed with target
cells at ratios 100:1, 50:1, 25:1 and incubated in CM in 96-U-
well plate at 37˚C in a CO2 incubator overnight. The decrease
of high CFSE labeled target cells was determined by flow
cytometry analysis.

Cytotoxicity assay using MHC class I Bcr-Abl specific
pentamers. The assay was performed according to Handbook
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of Proimmune company. Single spleen cell suspensions from
immunized and control mice were prepared. Splenocytes
were depleted from red blood cells by 15-min incubation with
fresh ammonium chloride lysing solution (0.15 M NH4Cl,
1 mM KHCO3, 0.1 mM EDTA in distilled water) in the dark,
at room temperature, washed with PBS and resuspended in
wash buffer (0.1% BSA in PBS). Splenocytes (2x106) were
washed with ice-cold wash buffer and resuspended in the
residual volume (~50 μl). Samples were incubated with 10 μl
of labeled pentamers for 10 min at room temperature shielded
from light. Splenocytes were washed with 2 ml of ice-cold
wash buffer and resuspended in the residual volume. Anti-
CD8 and anti-CD19 antibodies were added and the samples
were incubated on ice for 20 min in dark. Cells were
washed twice with ice cold wash buffer, resuspended in
residual volume and analyzed by flow cytometry.

Detection of specific VP1 and Bcr-Abl antibodies. Maxisorp
96-well plates were coated overnight at 4˚C with either 5 μg
VLPs or 18-mer Bcr-Abl synthetic peptide in 100 μl of PBS
per well. Wells were washed with PBS/Tween-20 (0.1%) and
saturated with 200 μl of 2% milk powder in PBS. After 2-h
incubation at room temperature, the blocking solution was
removed and wells were overlaid with 100 μl of decreasing
dilutions of sera from control or immunized mice and incubated
for 1 h at room temperature. Anti-PyV-VP1 mouse monoclonal
antibody or anti-Bcr-Abl rabbit polyclonal serum was used as
positive control. Wells were washed 4-times with PBS/
Tween-20 (0.1%) and secondary antibodies conjugated with
horseradish peroxidase were added. After 1-h incubation at
room temperature, wells were washed with PBS/Tween-20
(0.1%) and overlaid with 100 μl of substrate solution (ABTS,
Sigma). The absorbance of each well was determined at
415 nm. 

Results

Preparation and characterisation of chimeric MPyV VLPs
carrying epitope of Bcr-Abl fusion protein. Bcr-Abl VLPs
carrying 171 amino acids covering the breakpoint region of
the human Bcr-Abl protein (together with FLAG sequence)
were prepared. FLAG-Bcr-Abl sequences were fused to the
C-terminal part of MPyV minor capsid protein, VP3, which
is responsible for its interaction with the central cavity of the
pentamers formed by the major structural protein, VP1. The
particles were produced in insect cells by expression of the
fused FLAG-Bcr-Abl-tVP3 sequences and wild-type VP1
gene from a recombinant baculovirus. Schema of the particle
structure is shown in Fig. 1A. The ability of the proteins to
assemble into VLPs was determined by electron microscopy.
The incorporation of the fused polypeptide into the capsids
influenced their morphology as shown by negative staining
of isolated particles (Fig. 1C). Chimeric VLPs were larger
and more irregular in comparison with the wtVLPs composed
of VP1 only, but their stability was not substantially affected.
The presence of foreign epitopes fused with tVP3 in purified
particles was proved by SDS-PAGE (Fig. 1Ba), Western
blotting using anti-FLAG antibody, anti-VP2/3 antibody
(Fig.1Bb, c) and immunoelectron microscopy using anti-
Bcr-Abl polyclonal serum (Fig. 1D). As the epitopes were

hidden inside the particles, they could be stained by immuno-
electron microscopy only after their disassembly under the
reducing conditions. 

To estimate an average number of Bcr-Abl171-tVP3 mole-
cules incorporated into each VLP, we measured densities of
VP1 and Bcr-Abl171-tVP3 bands of purified VLPs separated
on SDS-PAGE and stained with Coomassie brilliant blue.
Theoretically, maximum 72 pentameres of VP1 are available
for t-VP3 interactions in one virus particle. The number of
Bcr-Abl171-tVP3 per particle estimated from densities and
molecular weights of both proteins was 11.4. 

The ability of isolated VLPs to adsorb on the cell surface
and to be internalized by cells was proved by confocal micro-
scopy of cells fixed and stained with anti-VP1 antibody after
adsorption of VLPs on their surface at 0˚C or after adsorption
and 1-h incubation at 37˚C. Morphological changes caused
by incorporation of epitopes had no effect on the Bcr-Abl
VLP assembly and stability and VLPs adsorbed to and
entered cells efficiently as shown in Fig. 2. 

Both intranasal and intraperitoneal immunization by chimeric
VLPs induced high titres of anti-VP1 antibodies but no
anti-Bcr-Abl antibodies. Mice immunized as described in
Materials and methods were bled on day 14 after the last
immunization and the presence of specific anti-VP1 and
anti-Bcr-Abl antibodies was determined by ELISA. In
agreement with our previous results (20), high titers of specific
IgG anti-VP1 antibodies were detected in all immunized
mice (Fig. 3A). In addition, when mice were immunized
intraperitoneally with four doses of VLPs, the titers of specific
anti-VP1 antibodies were much higher than those of mice
after twice intranasal administration (Fig. 3A, black triangles).
However, no specific anti-Bcr-Abl IgG antibodies were
developed in the sera of either intranasally or intraperitoneally
immunized mice (Fig. 3B). Moreover, no specific anti-Bcr-Abl
IgM antibodies were detected by ELISA as shown in Fig. 3C.
Finally, synthetic Bcr-Abl peptide (18-mer) was administered
intraperitoneally in CFA into mice. Neither specific anti-
Bcr-Abl IgG nor IgM antibodies in the sera of immunized
mice were detected (data not shown).

No activation of BMDCs by 18-mer and 9-mer Bcr-Abl peptides
was detected. To investigate the ability of Bcr-Abl VLPs or
18-mer or 9-mer Bcr-Abl peptides to activate dendritic cells,
the expression of CD86 and MHC II on pulsed DCs was
analyzed. After 20 h, cells were harvested and stained for
CD86 and MHC class II and analyzed by flow cytometry.
Increased expression of CD86 and MHC class II was observed
when BMDCs were stimulated with Bcr-Abl VLPs. The level
of expression of MHC II was higher than that induced by
LPS (Fig. 4B). This result was expected and corresponds to
our previous observation of high immunogenicity of MPyV
wtVLPs (20). However, no increased expression of either
CD86 or MHC II was observed on DCs pulsed with 18-mer
or 9-mer Bcr-Abl peptides (Fig. 4).

VLP-pulsed DCs, but not Bcr-Abl peptide-pulsed DCs
stimulated antigen specific proliferation of splenocytes
derived from mice immunized by Bcr-Abl-VLPs. In the first
experiments, mice were immunized intranasally by chimeric
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VLPs. Fourteen days after the second immunization, spleens
from immunized and control mice were removed and single
cell suspensions were used to study T cell-specific proliferative
response. CFSE labeled spleen cells were stimulated for 4 days

with three different types of BMDCs (unpulsed or pulsed with
VLPs or pulsed with 9-mer Bcr-Abl peptide). The proliferative
response (corresponded to CFSE diminution) was determined
by flow cytometry. Fig. 5 shows VP1 specific proliferation of
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Figure 1. Structure and architecture of the analysed MPy VLPs carrying epitope of Bcr-Abl fusion protein. (A) View-through the pentamer composed of
5 molecules of VP1 protein (blue). C-terminal part of minor structural protein VP3 (red) interacts with central cavity of VP1 pentamer and is fused with
Flag-Bcr-Abl epitope (illustrated as yellow pentagon). (Ba) Purified Bcr-Abl-VLPs separated on SDS-PAGE gel stained with Coomassie brilliant blue and
(Bb and c) Western blotting of Bcr-Abl-VLPs using (b) mouse monoclonal anti-Flag antibody and (c) mouse monoclonal anti-VP2/3 antibody followed by
goat anti-mouse IgG antibody conjugated with horse-radish peroxidase. (C) Electron microscopy and (D) immunoelectron microscopy with anti-Bcr-Abl
rabbit polyclonal serum followed by goat anti-rabbit IgG antibody conjugated with 10 nm colloidal gold.

Figure 2. Adsorption (a) and following internalization (b) of Bcr-Abl-VLPs to the cells, sections from confocal microscope. Bcr-Abl-VLPs were adsorbed on
the membrane of mouse fibroblasts 3T6 and fixed 0 min or 1 h post-adsorption. The signal of VP1 protein (green) was visualised using anti-PyV VP1 mouse
monoclonal antibody followed by Alexa Fluor-488 goat anti-mouse secondary antibody and examined by confocal microscope. 
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Figure 3. Specific anti-VP1 and anti-Bcr-Abl antibodies detected in the sera of control and immunized mice. (A) Anti-VP1 IgG antibodies in sera from
intranasally (i.n.) and intraperitoneally (i.p.) PBS- (negative control) or Bcr-Abl-VLP-immunized mice. Anti-VP1 mouse monoclonal antibody served as
positive control. (B) IgG and (C) IgM anti-Bcr-Abl antibodies in sera from intranasally (i.n.) and intraperitoneally (i.p.) PBS- (negative control) or Bcr-Abl-
VLP-immunized mice. Anti-Bcr-Abl rabbit polyclonal serum was used as positive control. 

Figure 4. Activation of dendritic cells by Bcr-Abl-VLPs and 18-mer and 9-mer Bcr-Abl peptides. Expression of CD86 (A) and MHC II (B) surface molecules
by dendritic cells after pulsing by Bcr-Abl-VLPs, 18-mer or 9-mer Bcr-Abl peptides. Untreated DCs served as negative control and DCs pulsed with LPS was
used as positive control.

1247-1256.qxd  9/10/2009  10:08 Ì  Page 1252



T cells of mice immunized by Bcr-Abl-VLPs after stimulation
of splenocytes with Bcr-Abl-VLP-pulsed DCs. However,
no Bcr-Abl specific proliferative response of T cells was
observed when spleen cells from immunized mice were
incubated with Bcr-Abl peptide pDCs (Fig. 5).

Bcr-Abl peptides do not induce INFÁ production in spleno-
cytes derived from mice immunized by Bcr-Abl-VLPs. While
MPyV-VLPs were shown to induce IFNÁ secretion in spleno-
cytes of mice immunized by VLPs (after their restimulation
by VLPs) (20), no significant increase of INFÁ production
was detected in splenocytes of mice immunized by Bcr-Abl
VLPs restimulated by 18-mer or 9-mer Bcr-Abl peptides
(Fig. 6).

VLPs carrying Bcr-Abl epitope do not induce specific Bcr-
Abl cytotoxic activity of T cells. Simultaneously with the
proliferation experiment, the specific cytotoxic activity of
T cells using target cells labeled with two different CFSE
intensities (described in Materials and methods) was
determined. Splenocytes were restimulated with Bcr-Abl
peptide pulsed DCs for 4 days prior to cytotoxic assay. No
Bcr-Abl specific cytotoxicity of T cells, measured by flow
cytometry (as disappearance of DC pulsed with Bcr-Abl
peptide) was observed (Fig. 7). For comparison VP1 specific
cytotoxic activity was performed with two populations of
target dendritic cells (pulsed with irrelevant peptide - low
CSFE and pulsed with VP1-VLPs - high CSFE). The decrease
of high CFSE labeled target cells was 5% for ratio effectors:
targets - 100:1. 

In addition, another cytotoxic assay using MHC class I
pentamers conjugated with Bcr-Abl restricted peptide was
performed. Mice were immunized intranasally or intraperi-
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Figure 5. Proliferation of T cells from mice immunized intranasally by
Bcr-Abl-VLPs. Spleen cell suspensions from immunized mice were re-
stimulated with untreated DCs or DCs pulsed with Bcr-Abl-VLPs or Bcr-Abl
peptide. Specific proliferative response corresponds to CFSE diminution.
One representative experiment is shown.

Figure 6. Secretion of IFNÁ by splenocytes restimulated with Bcr-Abl
peptides. Three groups of mice (3 animals of each group) were immunized
with Bcr-Abl-VLPs (1) or wtVLPs (2) or with PBS (3). IFNÁ production by
splenocytes prepared 12 days after the last immunization was measured by
ELISPOT. 

Figure 7. Cytotoxic response of spleen cells from control and intranasally immunized mice. Spleen cells from mice immunized by Bcr-Abl-VLPs were used
as effector cells after their previous restimulation in vitro by dendritic cells pulsed with Bcr-Abl peptide. DCs pulsed with Bcr-Abl peptide (high CFSE
intensity) and irrelevant peptide (low CFSE intensity) were mixed 1:1 and used as target cells with decreasing ratios of effector cells:target cells (100:1, 50:1,
25:1).
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toneally as described in Materials and methods. Two weeks
after the last immunization, spleens from immunized and
control mice were removed and single-cell suspensions were
prepared. Splenocytes were incubated with labeled MHC
class I pentamers to determine specific Bcr-Abl cytotoxic
T lymphocytes. Simultaneously, cells were stained for CD8
and CD19. Fig. 8 shows that mice immunized by Bcr-Abl
VLPs did not develop any specific cytotoxic response after
both intranasal (Fig. 8A) and intraperitoneal (Fig. 8B) antigen
application.

Discussion

In this study, we have constructed chimeric VLPs derived
from the mouse polyomavirus (MPyV) carrying an epitope of
human fusion protein p210Bcr-Abl of chronic myeloid leukemia,
Bcr-Abl-VLPs. Bcr-Abl fusion protein is intimately associated
with malignant transformation as well as maintenance of
the malignant phenotype in patients with CML and therefore
it might be a potential T cell target. CD4 T cell response
against epitopes derived directly from Bcr-Abl joining region
was reported in a mouse model. In that study, immunization
of mice with 12 amino acid peptides spanning the junction
region of b3a2 together with Freund's adjuvant elicited T cell
responses (28). Some results of peptide vaccinations of
CML patients have demonstrated that b3a2 or b2a2 break-
point epitopes can activate CD4 T cells (29-31). Inspired

by promising results of these groups, we were interested
whether immune responses to the Bcr-Abl joining region can
be stimulated when the epitope will be carried inside MPy
VLPs. Feasibility of transfer of foreign peptides or proteins
by MPy VLPs (anchored inside the particles with common
C-terminus sequence of the minor capsid proteins) was proved
in our previous studies with model EGFP protein (13,20).
Surprisingly, all our present effort to detect a cellular immune
response after different types of administrations into mice
failed. We have confirmed the incorporation of the Bcr-Abl
derived polypeptide carrying the newly formed epitope inside
the purified particles by several methods (Fig. 1B and D).
Similar to EGFP, 171 amino acid long Bcr-Abl peptide
inside the particles changed their morphology. VLPs lost
their regular shape (Fig. 1), however, their stability was not
substantially influenced and irregular chimeric VLPs were
efficiently adsorbed to and internalized by host cells. In our
previous report, MPy VLPs carrying entire EGFP instead of
Bcr-Abl sequences were shown to be efficiently internalized
and processed by dendritic cells (13). 

Immunoelectron microscopy of disassembled VLPs proved
the presence of Bcr-Abl breakpoint epitope inside VLPs.
Theoretically, a possible number of epitope molecules carried
by one VLP is 72 (one molecule for one VP1 pentamer).
The ratio of intensities of VP1 and Bcr-Abl171-tVP3 bands on
SDS PAGE suggests that average number of the epitope
molecules in one particle is 11-12. Tegerstedt et al (17) found
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Figure 8. Detection of Bcr-Abl specific cytotoxic T lymphocytes in splenocytes of immunized mice. Mice were immunized intranasally (i.n., A) or
intraperitoneally (i.p., B) with Bcr-Abl- VLPs (a). The presence of Bcr-Abl specific T lymphocytes (upper right quadrant of each graph) was determined using
MHC class I Bcr-Abl specific pentamer staining. To exclude the background of unspecific binding of labeled pentamer, mice immunized intranasally (Ab) or
intraperitoneally (Bb) with PBS were involved in the experiment.
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morphology of MPy VLPs carrying 683 amino acid long
Her2/neu connected with the entire VP2, the longer one of
two minor capsid proteins, not affected. However, the
estimated number of Her2/neu molecules per 1 particle was
very low (3 molecules per VLP). Surprisingly, these chimeric
particles were able to efficiently protect Balb/c mice from
outgrowth of the Her2 expressing tumor (17). 

As expected, both intranasally and intraperitoneally
immunized mice developed high titers of anti-VP1 specific
but not anti-Bcr-Abl specific antibodies. Similar findings
were obtained with MPy VLPs carrying EGFP in our previous
study (20) or the Her2/neu epitope (17). We detected very
low presence of neutralizing antibodies against VP1 protein
in the sera of intranasally immunized mice (20) suggesting
the possibility of repeating administration of chimeric VLPs
containing ‘hidden’ antigen without being neutralized.

We were not able to detect any anti-Bcr-Abl specific
antibodies (neither IgG nor IgM) in the sera of mice immunized
with Bcr-Abl breakpoint peptide (18-mer) in CFA. However,
the same peptide conjugated with blue carrier immunogenic
protein (Pierce, Rockford IL, USA) induced specific antibody
response in rabbits (25). The rabbit anti-Bcr-Abl polyclonal
serum was used for detection of epitope in immunoelectron
microscopy and as positive control for ELISA. However, the
titer of specific anti-Bcr-Abl antibodies was low (Fig. 3B and
C) suggesting low immunogenicity of the applied peptide. 

The most important component of immune response in
development of anti-cancer vaccine is induction of specific
cytotoxic T-cell immunity against a cancer antigen. To
ascertain whether Bcr-Abl epitope delivered by MPy VLPs
evokes any specific cytotoxic response, we applied two
methods: in vitro cytotoxicity assay with CFSE-labeled target
cells and highly sensitive cytotoxicity assay using MHC class I
Bcr-Abl specific pentamers. Both techniques revealed that
neither intranasal nor intraperitoneal administration induced
cytotoxic activity of T cells. Moreover, in contrast to VLP-
pulsed DCs, Bcr-Abl peptide-pulsed DCs did not stimulate
antigen specific proliferation of splenocytes derived from
mice immunized by Bcr-Abl-VLPs. In contrast, Tegerstedt
et al, who immunized mice with MPy VLPs carrying Her2/neu
antigen inside the particles, proved the presence of anti-
Her2/neu specific cytotoxic T-cells in mice after a single
vaccination with VLPs (17). Moreover, the induced specific
immunity was so high that mice were protected against a
lethal dose of Her2-positive D2F2/E2 tumor cell challenge.
They did not observe anti-Her2/neu positive cytotoxic
activity after immunization of mice with Her2/neu protein
(17). Also in our previous study (20), intranasal delivery of
EGFP by MPy VLPs induced a stronger CD4+ T-cell response
than administration of rEGFP alone. 

Surprisingly, in therapeutically successful experiment of
Tegerstedt et al (17), in vitro upregulation of DC maturation
markers was not observed. However, we did observe upregu-
lation of DC co-stimulatory molecules or other maturation
markers (CD 86, MHCII) by Bcr-Abl VLPs in vitro. Also, in
our previous experiments (13,20), EGFP-VLPs induced
production of IL-12 by DCs in vitro and spleen cells from
EGFP-VLP immunized mice produced IL-2 and IFNÁ after
treatment with DCs pulsed by EGFP-VLPs. Nevertheless,
neither 18-mer nor restricted 9-mer Bcr-Abl breakpoint peptide

activated DCs in vitro. They did not stimulate production of
INFÁ in splenocytes from Bcr-Abl VLP-immunized mice. All
these data suggest that Bcr-Abl breakpoint peptides, as well
as longer portion of Bcr-Abl sequences carried by VLPs, are
weak immunogens. 

Recently, several groups have been working on the
development of vaccine against chronic myeloid leukemia.
In approximately 75% of cases the investigators failed to
elicit in vitro sizable CTL responses to Bcr-Abl epitopes in
healthy donors as well as in patients with CML and found
that Bcr-Abl protein is apparently not an immunodominant
antigen in CML (32,33). Study of Abu-Eisha et al (34) showed
that most normal subjects and CML patients developed no
proliferative responses to the 23-mer b3a2 fusion peptide.
Moreover, no improvement was obtained by using mature
autologous dendritic cells to present the peptide. Intracellular
IFNÁ production by CD4+ T-cells was also not induced by the
23-mer b3a2 peptide (34). 

On the other hand, with mouse model, the research group
of Katsanis (3,35,36) were able to induce Bcr-Abl specific
cytotoxic activity in vivo by vaccination of mice with 12B1
tumor-derived chaperone-rich cell lysate (CRCL) (35) or by
dendritic cells loaded with CRCL (36), or by liver CRCL
(not leukemia derived) embedded with exogenous MHC
class I restricted Bcr-Abl peptide. In contrast to the CRCL
vaccine, when MHC class I restricted Bcr-Abl peptide was
administered to mice alone, survival was similar to those of
negative control (PBS-immunized or liver CRCL Bcr-Abl
peptide-free-immunized) (3). In our hands, no protection of
mice immunized with Bcr-Abl-VLPs was detected when
mice were challenged, each with 3x103 12B1 murine leukemia
cells (37), 12 days after immunization (not shown).

In conclusion, although MPy VLPs proved to be strong
inducers of immune responses in several experiments (17,20)
their unique adjuvant ability failed to support immune response
against carried unique Bcr-Abl epitope. Recently, hypothesis
appeared that not Bcr-Abl itself but genes that are up-regulated
by the Bcr-Abl kinase activity may represent the crucial
antigens for the induction of a cytotoxic T-cell response
against CML cells (33,38). Scheich et al (38) demonstrated
that the constitutively active kinase domain of Bcr-Abl has a
key role in enhancing the immunogenicity of Bcr-Abl cells as
the HLA class I-restricted T-cell responses were dominated
by Bcr-Abl-regulated antigens, and not by Bcr-Abl itself.
This hypothesis and results indicate new approaches in
development of therapeutic vaccines in CML therapy. 
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