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INTRODUCTION

With the clinical use of tumor-derived chaperone proteins as anti-cancer vaccines already in
clinical trial stages, we have focused our attention on the utility of multiple chaperone protein
complexes. We have utilized a free-solution-isoelectric focusing technique (FS-IEF) to obtain
chaperone rich cell lysate (CRCL) from clarified tumor homogenates and have reported on its
effective vaccinating potential against the murine CML model 12B1 and its effect on murine
dendritic cells (DCs). We have demonstrated that the antigenicity of CRCL can be augmented
further by loading it onto DCs. Moreover, published data from our laboratory indicate that CRCL
effectively re-creates the danger signal to which immune cells are primed to respond
augmenting the immunogenicity of bcr-abl+ apoptotic leukemia cells. To study further the
immonologic potential of CRCL in murine and human CML, the following aims were proposed.
1) Examine whether murine 12B1 CML-derived CRCL elicits bcr-abl fusion peptide specific T
cells 2) Study the possible in vivo synergistic effects of CRCL vaccine with imatinib mesylate a
tyrosine kinase inhibitor that induces apoptosis in 12B1 bcr-abl+ cells 3) Isolate and
biochemically characterize human CML-derived CRCL 4) Evaluate the effects of human CML-
derived CRCL on DCs to determine if it induces maturation and/or alters DC function and
examine its potential to generate CML specific CTLs.

BODY

Task 1. EXAMINE WHETHER BCR-ABL FUSION PEPTIDES ARE CHAPERONED BY 12B1 MURINE
LEUKEMIA-DERIVED CRCL, AND IF THE PEPTIDES CONTRIBUTE TO CRCL’S ANTIGENICITY.

We have previously demonstrated that multiple chaperone proteins generated by free-solution
iso-electric focusing (FS-IEF) elicit potent anti-tumor immunity '?, 3. We have termed these as
chaperone rich cell lysates (CRCL) and found that 12B1 tumor derived CRCL activated dendritic
cells (DC) stimulate tumor specific T cell mediated immune responses?.

We have shown that CRCL contain four major immunogenic chaperone proteins, HSP70,
HSP90, gp96 and calreticulin. We further described CRCL as large, multi-member entities
wherein chaperones co-separate in high molecular weight fractions despite dissociative
conditions used in size exclusion chromatography®. Since chaperone proteins carry various
endogenous peptides, we reasoned that tumor-derived CRCL may chaperone antigenic
peptides. However, due to the isofocusing conditions used in the vaccine generation (i.e., 6 M
urea), one may argue that the peptide repertoire of CRCL would be lost. To study if in fact
CRCL chaperones tumor specific antigens,, we generated CRCL from 12B1, a bcr-abl positive
murine leukemia. The p210 BCR-ABL chimeric protein is expressed only on leukemic cells and
could serve as real tumor-specific antigen. We theorized that CRCL obtained from 12B1 tumor
was likely to chaperone BCR-ABL derived fusion peptides. We further hypothesized that DC
could cross-present BCR-ABL fusion peptides to T cells and induce specific immune responses
in vivo.



MATERIALS AND METHODS

Peptides:  Synthetic BCR-ABL chimeric peptide, GFKQSSKAL, and control peptide,
HYLSTQSALSK, were purchased from Sigma-Genosys (Sigma-Genosys, The Woodlands, TX).
The 11-mer HYLSTQSALSK peptide is processed by DC and the resulting 9-mer HYLSTQSAL
is predicted to bind with high affinity to H-2K® %,

Bcr-abl-positive leukemia cell line: 12B1 is a murine leukemia cell line derived by retroviral
transformation of BALB/c bone marrow cells with the human bcr-abl (b3a2) fusion gene, and
these cells express the p210 BCR-ABL protein. This is an aggressive leukemia, with the 100%
lethal dose (LDg) being 10° cells after tail vein injection and 10° cells after subcutaneous
injection. The 12B1 cell line was kindly provided by Dr. Wei Chen (Cleveland Clinic, Cleveland,
OH). The cell line was tested monthly and found to be free of Mycoplasma contamination.

Mice: Six- to 10-week-old female BALB/c (H2%) mice (Harlan Sprague Dawley, Indianapolis, IN)
were used for the experiments. The animals were housed in a dedicated pathogen-free facility
and cared for according to the University of Arizona Institutional Animal Care and Use
Committee guidelines.

Tumor generation:  All tissue/cell culture reagents were purchased from Gibco/BRL
(Gaithersburg, MD). 12B1 cells were cultured at 37 °C and in 5% CO, in RPMI medium
containing 10% heat-inactivated fetal calf serum and supplemented with 2 mM glutamine, 100
U/ml penicillin, 100 ug/m! streptomycin sulfate, 0.025 pg/ml amphotericin B, 0.5 x minimal
essential medium non-essential amino acids, 1 mM sodium pyruvate, and 50 pyM 2-
mercaptoethanol. Cells were prepared for injection by washing and resuspending in Hanks’
balanced salt solution. The cells were counted and adjusted to a concentration of 25 x 10°
cells/ml. Female BALB/c mice were injected with 0.2 ml (5 x 10° cells) subcutaneously in both
flanks and were monitored for tumor development. Tumors greater than 1 cm in diameter were
harvested from euthanized mice. In vivo passaging of tumors involved harvesting and mincing
the tumor to produce a cell suspension. The cell suspension was filtered through a Nitex screen
to remove debris and centrifuged. The cell pellet was resuspended, washed, counted, and
injected into mice.

FS-IEF for chaperone rich cell lysates (CRCL) enrichment : Tumor tissue grown in vivo was
harvested from mice and homogenized at 4 °C in a motor-driven glass/Teflon homogenizer; the
buffer was 10 mM Tris/CI (pH 7.4)/ 10 mM NaCl/ 0.1% Triton X-100/0.1% Triton X-114/ 0.1%
Igepal CA-630 (equivalent to Nonidet P-40; all detergents were from Sigma Chemical, St Louis,
MO), with the following protease inhibitors (Roche Molecular Biochemicals, Indianopolis, IN):
leupeptin (2 pg/ml), pepstatin A (1 pg/ml), phenylmenthylsulfonyl fluoride (0.5 mM) and a
Complete protease inhibitor cocktail tablet. This buffer was chosen for its low ionic strength and
ability to solubilize membranes. The homogenate was centrifuged at 10,000 x g for 30 min at
4°C to obtain a “low-speed” supernatant. That supernatant was centrifuged at 100,000 x g for
60 min at 4°C to obtain a “high speed” supernatant. This was then dialyzed against 5 mM
Tris/Cl (pH 7.4)/ 5 mM NaCl, 0.05% Triton X-100/0.05% Triton X-114/0.05% Igepal CA-630.
Protein concentration of this dialysate was determined by BCA (bicinchoninic acid) method
(Pierce Endogen, Rockford, IL) using bovine serum albumin as a standard. This dialysate was
frozen in aliquots containing 25 mg of total protein. To generate vaccine one aliquot was filtered
through a 0.8 um filter and prepared for isoelectric focusing by adding urea to 6 M, the
detergents Triton X-100, Triton X-114, and Igepal each to 0.05%, and a mixture of Rotolytes
(Bio Rad Laboratories, Hercules, CA) 5 ml each solution A and B for each pH range: pH 3.9-5.6;




4.5-6.1; and 5.1-6.8) to a total volume of around 40-50 ml. FS-IEF was carried out in a Rotofor
device (Bio Rad Laboratories). Isoelectric focusing was conducted for 5 h at 15 W constant
power while the apparatus was cooled with recirculating water at 4 °C; the anode compartment
contained 0.1 M Hs;PO,, while the cathode compartment contained 0.1 M NaOH. Twenty
fractions were harvested; the pH of each fraction was determined with a standard pH meter, and
the protein content was analyzed by sodium dodecylsulfate/polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blotting as previously described®. SDS-PAGE and Western blot
results indicated that following FS-IEF, several fractions ranging from pH 5.1 to pH 6.0
contained HSP70, HSP90, GRP94/gp96, and CRT within them. Fractions selected to be pooled
for vaccines were those that contained all four of the above HSPs. Endotoxin level of the CRCL
is lower than 0.01 EU/ug of CRCL as examined by Limulus Amebocyte Lysate (LAL) assay
(QCL-1000, BioWhittaker, Walkersville, MD).

Preparation of chaperone-enriched vaccines: Fractions from FS-IEF that contained substantial
amounts of four chaperone proteins (HSP70, HSP90, GRP94/gp96, and calreticulin), as
determined by SDS-PAGE and Western blotting, were pooled and dialyzed stepwise out of urea
and detergents (starting in 0.1 x phosphate-buffered saline (PBS), 4 M urea, and 0.025%
detergents, ending with 0.1 x PBS). Pooled fractions were then concentrated using Centricon
devices and reconstituted in PBS. Vaccines were then passed onto an Extracti-gel D column
(Pierce Endogen) to remove detergent. Protein concentrations were determined by the BCA
method and the concentrated proteins were diluted to appropriate concentration for in vivo and
in vitro experiments.

Generation of bone marrow-derived DCs: BALB/c mouse bone marrow DCs were generated
using a slightly modified protocol from that described previously®. Bone marrow was harvested
from femurs and tibiae and filtered through a Falcon 100 pm nylon cell strainer (Becton
Dickinson Labware, Franklin Lakes, NJ). Red blood cells were lysed in a hypotonic buffer and
the marrow was cultured in complete RPMI medium (therapeutic grade; Gibco BRL,
Gaithersburg, MD), which contains 10% fetal calf serum, L-glutamine, human serum albumin,
50 ug/ml streptomycin sulfate, and 10 pg/ml gentamicin sulfate. Murine granulocyte-
macrophage colony-stimulating factor (GM-CSF) (10 ng/ml; Peprotech, Rocky Hill, NJ) and
interleukin (IL)-4 (10 ng/ml) were added to the culture. After 6 days, the nonadherent and
loosely adherent cells were harvested, washed and used for in vivo and in vitro experiments.
Less than 10% of these cells were contaminated by macrophages (CD14" cells).

ELISPOT Assays: Enzyme-linked immunospot (ELISPOT) assays were performed to assess
the interferon y (IFN-y) production of splenocytes from vaccinated mice following in vitro
stimulation with 12B1 CRCL or peptides. 10° splenocytes were cultured with 50 ug/mi 1281
CRCL or 5ug/ml peptides in the presence of 10 ng/ml GM-CSF and IL-4 for 48 hours on
Millipore MultiScreen-HA 96 well plates (MAHA S45, Millipore, Bedford, MA). The plates had
been previously coated overnight with anti-IFN-y capture antibody (10 pg/mL, clone R4-6A2, rat
mAb antimouse IFN-y; BD Pharmingen, San Diego, CA). Cells were then washed out with
copious amounts of PBST (PBS + 0.05% Tween 20). Biotinylated anti-IFN-y antibody (2 ug/mL,
clone XMG1.2, rat mAb antimouse IFN-y; BD Pharmingen) was added for two hours. Free
antibody was washed out, and the plates were incubated with horseradish peroxidase (HRP)-
linked avidin (ABC Elite reagent, 1 drop each of Reagent A and Reagent B per 10 ml PBS,
Vector Laboratories, Burlingame, CA) for 1 hour, following extensive washing with PBST, and
then washing with PBS. Spots were visualized by the addition of the HRP substrate 3-amino-9-
ethylcarbazole (AEC, Sigma Chemical) prepared in acetate buffer (pH 5.0) with 0.015%
hydrogen peroxide. Spots were examined using a dissecting microscope. Wells of interest



were photographed with a microscope-mounted Cool SNAP CCD camera (RS Photometrics,
Tucson AZ), and images captured with RS Image, Version 1.07 (Roper Scientific, Tucson, AZ).
The image of each well was electronically optimized to visualize the maximum number of spots.

Cytotoxicity assay: BALB/c mice were immunized as indicated above. Seven days after the
second immunization, splenocytes from the immunized mice were harvested. The in vivo-primed
splenocytes were cultured in complete RPMI for 6 days in the presence of 10 ug/ml 12B1 CRCL
and 20 U/ml IL-2. Viable cells were then collected by Ficol density centrifugation and used as
effector cells. Day 5 bone marrow derived DCs were incubated with 5ug/ml HYLSTQSALSK or
GFKQSSKAL for 3 hours; altherniatively, DCs were co-cultured with 50ug/ml 12B1 tumor
derived CRCL overnight. Cells were collected and used as target cells. Stimulated effector cells
were incubated with 2x10* target cells at indicated ratios for 6 hours and cytolytic activity was
measured by non-radioactive cytotoxicity assay (Promega, Madison, WI) following the

instructions provided. The percentage of cytotoxicity was determined according to the formula
provided in the kitinstructions.

Immunoblotting: The absence of p210 BCR-ABL protein in the 12B1 CRCL was confirmed by
Western blotting and compared to the 12B1 tumor lysates and tumor lysates from BCR-ABL
murine B cell lymphoma, A20. Tumor lysates refer to the starting material of FS-IEF which were
prepared as described above. An equivalent amount of protein was loaded onto the gel.
Following SDS-PAGE, the gels were electroblotted to nitrocellulose using an ldea Scientific
electroblotter (Minneapolis, MN). Gels were transferred in 25 mM Tris, 200 mM glycine, 20%
methanol overnight at 60 V, stained with Ponceau Red and destained in TBST (50 mM Tris-Cl,
1560 mM NaCl, 0.1% Tween 20, pH 7.4). Blots were blocked in 3% non-fat dried milk in TBST
for 20-60 min, followed by 3 x 5 min rinses in TBST. The protein of interest was identified using
the monoclonal antibody to ber (AB-2) clone #7C6 (Oncogene Research Products, Cambridge,
MA). Primary antibody solutions were prepared in blocking solution, and blots were incubated
in primary antibody for 1 hr at room temperature or 12 hr at 4° C, followed by 3 x 5 min rinses in
TBST. Peroxidase conjugated goat anti mouse secondary antibody was applied for 1 hr at
room temperature or 12 hr at 4° C followed by chemiluminescent detection (Super Signal,
Pierce, Rockford, IL).

In vivo tumor growth experiments: Mice were injected with 10° viable 12B1 cells at right groin
on day 0. DCs were pulsed with 100ug/ml HYLSTQSALSK or GFKQSSKAL in the presence of
5ug/ml B,-microglobulin (Accurate Chemical and Scientific Corporation, Westbury, NY) for 3
hours, or pulsed with 50ug/ml 12B1 tumor derived CRCL overnight. DCs were then harvested,
washed with PBS three times, and resuspended in PBS followed by s.c. injection into mice. On
day 2, a total of 5 x 10° DCs were injected per mouse subcutaneously into the left groin. As
control, mice were injected with equal number of non-pulsed DCs. To exclude potential CRCL
toxicity on DCs, day 6 DCs were plated in 96-well flat-bottom plates (50,000 cells/well) in the
presence of increasing concentrations of 12B1 tumor derived HSP70 or CRCL (0-100 pg/ml) for
24 hours. MTT ([3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide], stock solution 5
mg/ml, Sigma) at 10 pl per well as added for an additional 4 hours. The supernatant was
aspirated and the formazan crystals were solubilized in dimethylsulfoxide, followed by
determination of optical densities at 560 nm and 690 nm using a microtiter plate reader. Tumor
size was measured every other day with calipers once the tumors became palpable. Tumor
volume was calculated using the formula: length x width? x n/6. Differences in mean tumor
volume between groups were compared using an unpaired t test. In other experiments the
Kaplan-Meier product-limit method was used to plot the time to mice death and the log-rank




statistic to test differences between groups "%, Mice with tumor were euthanized at the end
point listed.

RESULTS

Immunization of mice with 12B1-derived CRCL loaded DCs induces BCR-ABL specific IFN-y
secretion. To immunologically identify the presence of BCR-ABL peptides in 12B1 CRCL, IFN-y
secretion of splenocytes from immunized mice was measured by ELISPOT. Mice were
immunized with DCs pulsed with either 12B1-derived CRCL, or with a BCR-ABL peptide,
GFKQSSKAL, on days —14 and -7. We found that in vitro re-stimulation of splenocytes with
BCR-ABL peptide from mice primed with 12B1-derived CRCL resulted in substantial IFN-y
release, although at a lower level when compared to re-stimulation with CRCL (Figure 1).
These data indicate that the BCR-ABL peptides are immunologically prominent components of
CRCL, and contribute to the immunogenicity of 12B1-derived CRCL. Moreover, the superior
IFN-y secretion following CRCL re-stimulation suggested that other components in CRCL may
contribute to the immunogenicity of CRCL. Similarly, when splenocytes from mice immunized
with BCR-ABL peptide loaded DCs were harvested and re-stimulated with either specific BCR-
ABL peptide or with CRCL, there was substantial IFN-y release, with higher levels of IFN-y
secretion by re-stimulation with the BCR-ABL peptide. Splenocytes from none of the groups
secreted IFN-y when re-stimulated with an irrelevant peptide, HYLSTQSALSK, confirming the
specificity of CRCL immunization (Figure 1).

Immunization of mice with 12B1-derived CRCL loaded DCs induces BCR-ABL specific CTL
activity. We further examined whether immunization of CRCL loaded DCs induced BCR-ABL
specific CTL responses. Mice were immunized as described above. In vivo primed splenocytes
were re-stimulated in vitro with CRCL for 6 days. Viable cells were then collected by density
centrifugation and used as effector cells. BCR-ABL peptide or CRCL loaded DCs served as
target cells. For controls, irrelevant peptide was loaded onto DCs. Primed splenocytes from
mice immunized with either DCs loaded with BCR-ABL peptide or with CRCL displayed
significant cytolytic activities against DCs pulsed with either BCR-ABL peptide or with CRCL
(Figure 2). These results again indicate the presence of BCR-ABL peptides in CRCL and futher
suggested that BCR-ABL peptides are cross-presented to T cells by DCs. Splenocytes from
mice vaccinated with either saline or empty DC displayed no cytotoxicity against any of the
target cells. In addition, no significant killing was observed against irrelevant peptide pulsed
DCs (Figure 2), demonstrating the specificity of CRCL or BCR-ABL peptide immunization.

Absence of BCR-ABL p210 protein in 12B1 CRCL: To exclude the possibility that BCR-ABL
specific IFN-y secretion or CTL activity of splenocytes from vaccinated mice was due to the
presence of BCR-ABL protein in 12B1-derived CRCL preparation, Western Blotting was
conducted. An antibody against c-ABL which recognizes the c-terminal of ABL protein but not
BCR-ABL fusion peptides was used. BCR-ABL protein was absent in 12B1 CRCL (Figure 3),
but present in the 12B1 lysates which were the starting material of FS-IEF. This confirms that
the BCR-ABL specificity of 12B1-derived CRCL immunization was not an artificial effect of BCR-
ABL protein in CRCL.

Immunization of mice with 12B1-derived CRCL loaded DCs provides superior therapeutic
effects. BCR-ABL peptide based vaccine has been explored in a variety of clinical studies.
Given the ability of immunization with DC pulsed with CRCL to induce BCR-ABL specific IFN-y
secretion and CTL responses, in vivo experiments were then conducted to compare the efficacy
of CRCL loaded DC with that of BCR-ABL peptide loaded DCs. Mice were inoculated




subcutaneously with lethal dose of 12B1 cells (3x10%) on day 0. Bone marrow derived DCs
were incubated with 50 pg/ml of 12B1-derived CRCL for 24 hours or with 100 pg/ml of
GFKQSSKAL or HYLSTQSALSK peptide for 3 hours. The DCs were washed and resuspended
in PBS and mice were immunized subcutaneously with 5 x 10° DCs per mouse on day 2.
Immunization with CRCL loaded DCs significantly inhibited tumor development in mice when
compared to all other groups (Figure 4A ). This therapeutic vaccine resulted in eradication of
tumor growth in 60% of mice with the disease (Figure 4B). DC pulsed with BCR-ABL peptide
were less effective albeit also significantly better than saline or DC pulsed with irrelevant
peptide, with about 20% mice remaining tumor free (Figure 4B ). These findings suggeste that
12B1 tumor derived CRCL may offer an advantage as a source of tumor antigens for pulsing
DCs when compared to single BCR-ABL peptide.

o
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Figure 1: Immunization of mice with 12B1-derived CRCL loaded DCs induces BCR-ABL specific
IFN-y secretion. Mice were immunized with DCs (5x105) loaded with 12B1-derived CRCL, or with
a BCR-ABL peptide, GFKQSSKAL, or with an irrelevant peptide, HYLSTQSALSK, on days —-14
and -7. For controls, mice were immunized with equal volume of PBS or equal number of empty
DCs. On day 0, splenocytese were collected, and re-stimulated with indicated peptide or CRCL
for 48 hours. IFN-y production was determined by ELISPOT assay.
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Figure 2: Immunization of mice with 12B1-derived CRCL loaded DCs induces BCR-ABL specific CTL activity.
Mice were immunized as described in Materials and Methods. On day0, splenocytes were harvested and
cultured in the presence of 10 pg/ml 12B1 CRCL and 20 U/ml of IL-2 for 6 days. Viable cells were then
harvested by Ficol density centrifugation and used as effector cells. Day 5 bone marrow derived DCs were
incubated with Sug/ml of HYLSTQSALSK or GFKQSSKAL peptide for 3 hours; alternatively, DCs were co-
cultured with 50pug/ml 12B1 tumor derived CRCL overnight. Cells were then collected and used as target cells.

Effector cells were tested for cytolytic activity against indicated target cells by non-radioactive cytotoxicity
assay kit (representative data from 2 experiments is shown).

210KD = ENID

A20 CRCL 12B1lysates 12B1 CRCL

Figure 3: Absence of BCR-ABL p210 protein in 12B1 CRCL. 12B1 tumor lysates and
12B1 CRCL were prepared and separated on SDS-PAGE, followed by transfer to
nitrocellulose for Western Blotting. Presence of p210 BCR-ABL protein was probed
using an antibody for c-ABL. A20 tumor lysates was served as a negative control.
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Figure 4: Immunization of mice with 12B1-derived CRCL loaded DCs provides superior therapeutic effects. (A)
BALB/c mice were injected with 3x10° 12B1 cells subcutaneously in the right groin on day 0. On day 2, mice
were immunized with 5x10° DCs that had been loaded with 12B1-derived CRCL or indicated peptides as
mentioned in Materials and Methods. Tumor volume was measured and tumor growth curves as mean tumor
volume of each group are shown (n=8-16 mice per group, pooled data from 2 experiments are shown. PBS vs
DC/CRCL, p< 0.05; PBS vs DC/BCR-ABL, p< 0.05; DC/HYLST vs DC/CRCL, p< 0.05; DC/HYLST vs DC/BCR-
ABL, p< 0.05; DC/CRCL vs DC/BCR-ABL, p< 0.05). (B) Survival of mice was monitored and displayed in the
Kaplan-Meier plot (n=8-16 mice per group, pooled data from 2 experiments are shown. PBS vs DC/CRCL, p<
0.05; PBS vs DC/BCR-ABL, p< 0.05; DC/HYLST vs DC/CRCL, p< 0.05; DC/HYLST vs DC/BCR-ABL, p< 0.05;
DC/CRCL vs DC/BCR-ABL, p< 0.05).

DISCUSSION

We have previously demonstrated that immunization of mice with DCs loaded with CRCL elicits
potent tumor specific immune responses in different tumor models . Since chaperone
proteins have been demonstrated to bind endogenous peptides *'", we reasoned that BCR-ABL
derived fusion peptides are likely to be components of the antigenic repertoire of 12B1 tumor
derived CRCL. To address this hypothesis, we tested whether immunization of mice with DCs
loaded with CRCL induced BCR-ABL specific immune responses in vivo. We found that
splenocytes from mice immunized with DCs loaded with CRCL secreted large amounts of IFN-y
when re-stimulated with a BCR-ABL peptide, GFKQSSKAL, indicating that BCR-ABL peptides,
either this specific 9 mer peptide, GFKQSSKAL, and / or its longer precursors, are chaperoned
by 12B1 tumor derived CRCL. Very interestingly, we found that these splenocytes secreted
higher amounts of IFN-y upon re-stimulation with 12B1 derived CRCL than that with BCR-ABL
peptide. These findings were further confirmed when splenocytes from mice immunized with
BCR-ABL peptide loaded DCs secreted higher levels of IFN-y when re-stimulated with 12B1-
derived CRCL than that with BCR-ABL peptide. One reasonable explaination to the superior
IFN-y production could be that other antigenic peptides are also chaperoned by CRCL. The
potential candidate antigens chaperoned bz CRCL may include Wilms tumor antigen *2, minor
histocompatibility antigen *>'*, protease 3 *°, which have been documented to be potential CML
tumor associated antigens. Experiments are ongoing in our lab to identify the antigenic
components of CRCL chaperoned peptide repertoire. In addition to the broader antigenic
spectrum, the adjuvant effects of CRCL 2, ®, V7 may also contribute to the superior IFN-y
production following vacciation with DCs pulsed with CRCL.




DCs are professional APCs, known to be critical activators of T cell responses. Although the
mechanisms are not completely clear, an increasing body of data suggests that DCs take up
chaperone-peptide complexes through specific receptors and re-present the peptides on MHC
class | molecules '®??, Following uptake, the chaperone protein-escorted peptides are
processed and re-presented on MHC class | molecules to generate antigen-specific CTLs.
BCR-ABL peptides, which are chaperoned by 12B1 CRCL as indicated above, have been
previously reported to be able to bind MHC-I and MHC-II molecules following uptake by DCs.
We therefore hypothesized that BCR-ABL peptides are cross-presented to MHC class |
molecues for T cell priming. We found that splenocytes from mice immunized with CRCL
loaded DCs specifically lysed BCR-ABL peptide coated DCs, but not irrelevant peptide coated
DCs. Similarly, splenocytes from mice immunized with BCR-ABL peptide loaded DCs lysed
CRCL coated DCs (Figure 2). These findings clearly demonstrate that immunization of 12B1-
derived CRCL induce BCR-ABL specific CTLs. They further indicate that DCs processe CRCL
chaperoned antigens and cross-presente the escorted antigenic peptides, including the BCR-
ABL peptides to T cells in vivo.

Together, we have immunologically identified that BCR-ABL peptides are present in 12B1-
derived CRCL and are cross-presented by DCs to generate BCR-ABL specific CTLs in vivo.
The absence of BCR-ABL protein in CRCL as demonstrated by Western Blotting confirmed that
the BCR-ABL specific immune responses induced by CRCL immunization were not due to
adventitious vaccination with the p210 protein.

The efficacy of BCR-ABL peptide based immunotherapy has been widely studied . We
have previously shown that immunization of mice with DCs loaded with the synthetic BCR-ABL
chimeric nonapeptide, GFKQSSKAL, generates BCR-ABL -specific CTL in vivo %. Bcr-abl
fusion gene is the primary mutation that leads to malignant transformation; however, secondary
mutations often occur %®. Therefore, leukemic cells can easily escape immune responses
generated by single peptide vaccination. On the contrary, since CRCL may carry multiple
antigenic peptides, therefore immunization of CRCL may induce more potent immunity when
compared to single peptide immunization. In addition, CRCL have been shown to activate DCs
2, and to enhance the immunogenicity of apoptotic tumor cells . With these adjuvant effects,
CRCL are likely to confer superior immunogenicity compared to single peptide. We tested this
by comparing the potency of immunization with DCs loaded with BCR-ABL peptide or with
12B1-derived CRCL. We showed that vaccination with DCs loaded with CRCL led to
significantly higher percentage of mice survival.

Task 2. STUDY THE IN VIVO SYNERGISTIC EFFECTS OF CRCL VACCINE/ADJUVANT WITH STI-571, A
TYROSINE KINASE INHIBITOR THAT INDUCES APOPTOSIS IN MURINE12B1 BCR-ABL" CELLS.

The remarkable record of imatinib mesylate against CML in chronic phase is tempered by its
reduced effectiveness against the disease in the accelerated phase or during blastic
transformation 2+ % 2 or by the increasing number of cases where drug resistance develops **
3 These situations have lead to drug combination approaches to augment the activity of
imatinib via alternative targeting of either the p210 proteins or other important downstream
signal transduction molecules 3% %% 34353 However, there have been few attempts to combine
imatinib with immunotherapy ¥, and there are no published reports on utilization of vaccine
therapy in conjunction with imatinib either in human trials or in animal models. On the other
hand, imatinib mesylate has been reported to be able to enhance the antigen-presenting
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capacities of DCs, suggesting that imatinib may be used in the immunotherapy of cancer *.
Our previous reports have shown that multiple chaperone proteins may be enriched into a
vaccine form from tumor cell lysates by a free-solution isoelectric focusing (FS-IEF) method *°.
We refer to these vaccines as chaperone-rich cell lysates (CRCL), and have reported that they
are potent immunologic agents against a variety of murine tumors ', including the 12B1 BCR-
ABL* leukemia " 2. In this current work we show that the combination of imatinib with cellular
vaccines of dendritic cells pulsed with 12B1-derived CRCL yields anti-12B1 specific T cells, and
potent therapeutic anti-tumor activity resulting in tumor-free survival in a high percentage of
mice. This report suggests that CRCL vaccine may be effectively combined with imatinib
mesylate to treat ber-abl’ leukemia.

MATERIALS AND METHODS

Bcr-abl-positive leukemia cell line: 12B1 is a murine leukemia cell line derived by retroviral
transformation of BALB/c bone marrow cells with the human bcr-abl (b3a2) fusion gene. This is
an aggressive leukemia, with the 100% lethal dose (LD100) being 107 cells after tail vein injection
(i.v.) and 10° cells after subcutaneous injection (s.c.) "*°. The 12B1 cell line was kindly provided
by Dr. Wei Chen (Cleveland Clinic, Cleveland, OH). The cell line was tested monthly and found

to be free of Mycoplasma contamination. A20 cells are leukemia/lymphoma cells syngeneic to
BALB/c mice *°

Mice: Six- to 10-week-old female BALB/c (H2%) mice (Harlan Sprague Dawley, Indianapolis, IN)
were used for the experiments. The animals were housed in micro-isolation in a dedicated
pathogen-free facility and cared for according to the University of Arizona Institutional Animal
Care and Use Committee guidelines.

Preparation of imatinib mesylate for murine use: Commercially available imatinib capsule
contents (Gleevec/Glivec™, Norvartis Pharmaceutical AG, Basel, Switzerland) were dissolved
in distilled water (Sigma Chemical, St Louis, MO) at desired concentrations, aliquoted and
stored at —20°C for future in vitro and in vivo experiments.

Imatinib mesylate treatment of in vitro grown cells: Tissue cultured 12B1 or A20 cells were
plated in 96-well flat-bottom plates (50 000/well) in the presence of increasing concentrations of
imatinib for 24 hours. MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide, Sigma),
stock solution 5 mg/mL, at 10 pL per well was added for an additional 4 hours. The supernatant
was aspirated and the formazan crystals were solubilized in dimethylsulfoxide, followed by
determination of optical densities at 560 nm and 690 nm using a microtiter plate reader
(BioMetallics, Princeton, NJ).

Terminal deoxynucleotidyltransferase dUTP nick-end labeling (TUNEL) assay: Apoptosis
induction of 12B1 cells in vivo was determined by TUNEL assays using an APO-DIRECT™ kit
(BD PharMingen, San Diego CA). BALB/c mice were s.c. injected with 3x10® viable 12B1 cells
in the right groin on day 0. When tumor diameters reached around 2 to 3 mm, mice were
treated with phosphate-buffered saline (PBS) or single dose of 900 mg/kg imatinib by gavage.
Tumors were removed 24 hours later, embedded in O.C.T (Sakura Finetek U.S.A., Torrance,
CA), frozen at —80 °C, cut to 5-um-thick sections and then mounted on microscope slides and
stored at —80 °C. Frozen slides were fixed in freshly prepared 1% paraformaldehyde (Sigma) in
PBS for 15 minutes on ice. They were then rinsed with PBS once, and submerged in 70% cold
ethanol for 30 minutes on ice. Following two rinses in PBS, slides were allowed to dry. TUNEL




staining solution was added to the slides and they were incubated in a humidified chamber at 37
°C for 60 minutes followed by washing with rinsing buffer for 3 times. Ribonuclease/propidium
iodide solution was then added to the slides and they were incubated in the dark for 10 minutes.
After 2 washes with PBS, they were mounted using Fluoromount-G (Southern Biotechnology
Associates, Birmingham, AL) and covered with cover slips. Samples were examined using a
Bio-Rad 1024 MRC confocal imaging system (Bio-Rad Laboratories, Hercules, CA).

Annexin V staining of Imatinib mesylate-treated cells: 12B1 cells in culture were treated with 2
pM of imatinib for 6 or 20 hours. Cells were then collected and stained with Annexin V-
Fluoroisothiocyanate (FITC) and propidium iodide (P1) using the Annexin-V-FLUOS staining kit
(Roche Molecular Biochemicals, Indianapolis, IN) followed by flow cytometric analysis of cells
(Becton Dickinson Immunocytometry Systems, San Jose, CA).

Western blotting of 12B1 cell lysates for BCR-ABL protein and phosphotyrosine content.: 12B1
cells were treated in vitro with 2 uM of imatinib for time points from 0-24 hours. Cells were
harvested by centrifugation and lysed in TNES protein lysis buffer (0.05 M Tris, 1% NP-40,
2.5mM EDTA, 0.1M sodium chloride, Sigma) containing 2mM sodium orthovanadate (Sigma).
Protein concentrations were determined by BCA assay (Pierce Endogen, Rockford IL), and 30
ug lysate from each time point was loaded onto 10% sodium dodecylsulfate/polyacrylamide gel
electrophoresis (SDS-PAGE), electrophoresed, and electroblotted to nitrocellulose. The
membranes were probed with antibodies to c-abl (2 pg/ml, Ab-3, Oncogene Research Products,
San Diego, CA) or to phosphotyrosine-containing proteins (clone 4G10, Upstate Biotechnology,
Lake Placid, NY) followed by appropriate secondary antibodies. Positive control for tyrosine-
phosphorylated proteins was an EGF-stimulated A431 cell lysate provided by Upstate
Biotechnology. Membranes were developed with enhanced chemiluminescent substrates
(Pierce Endogen).

Heat shock protein (HSP) 70 and 60 expression in imatinib mesylate- treated 12B1 cells: 12B1
cells were treated in vitro with 2 pM of imatinib for overnight. HSP70 and 60 expression on
12B1 cell surface and the total HSP70 and 60 expression in 12B1 cells were examined by flow
cytometry and western blotting respectively as described previously *', with a different purified
anti-HSP70 (clone N27F3-4, mouse IgG,; StressGen, Victoria, Canada) and a different
secondary antibody: Alexa Fluor 488 F(ab’)2 fragment goat anti-mouse IgG(H+L) (Molecular
Probes, Eugene, Oregon).

Imatinib mesylate treatment of mice: Mice were treated with the indicated doses of imatinib
every morning and every evening from day 2 to day 9 by gavage. Imatinib was administered in
a volume of 300 L sterile water by means of straight animal feeding needles (Popper and
Sons, Inc. New Hyde Park, NY). The treatment regimens were well tolerated.

Tumor generation: All tissue/cell culture reagents were purchased from Gibco/Invitrogen
(Gaithersburg, MD). 12B1 and A20 cells were cultured at 37 °C and in 5% CO, in RPMI
medium containing 10% heat-inactivated fetal calf serum and supplemented with 2 mM
glutamine, 100 U/ml penicillin, 100 pg/ml streptomycin sulfate, 0.025 ug/ml amphotericin B, 0.5x
minimal essential medium non-essential amino acids, 1 mM sodium pyruvate, and 50 uM 2-
mercaptoethanol. Cells were prepared for injection by washing and resuspending in Hanks’
balanced salt solution. The cells were counted and adjusted to a concentration of 25 x 10°
cells/ml. Female BALB/c mice were injected with 0.2 ml (5 x 10° cells) subcutaneously in both
flanks and were monitored for tumor development. Tumors greater than 1 cm in diameter were
harvested from euthanized mice. In vivo passaging of tumors for biochemical preparations or
for tumor challenge involved harvesting and mincing the tumor to produce a cell suspension.
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The cell suspension was filtered through a Falcon 100 um nylon strainer (Becton Dickinson
Labware, Franklin Lakes, NJ) to remove debris and centrifuged. The cell pellet was
resuspended, washed, counted, and injected into mice.

Free solution-isoelectric focusing (FS-IEF) for chaperone-rich cell lysates (CRCL) generation:
Tumor tissue grown in vivo was harvested from mice and homogenized at 4 °C in a motor-
driven glass/Teflon homogenizer; the buffer was 10 mM Tris-Cl (pH 7.4)/ 10 mM NaCl/ 0.1%
Triton X-100/0.1% Triton X-114/ 0.1% Igepal CA-630 (equivalent to Nonidet P-40; all detergents
were from Sigma), with the following protease inhibitors (Roche Molecular Biochemicals):
leupeptin (2 pg/ml), pepstatin A (1 pg/ml), Perfabloc (0.5 mM) and a Complete protease inhibitor
cocktail tablet. This buffer was chosen for its low ionic strength and ability to solubilize
membranes. The homogenate was centrifuged at 10,000 x g for 30 min at 4°C to obtain a “low-
speed” supernatant. That supernatant was centrifuged at 100,000 x g for 60 min at 4°C to
obtain a “high speed” supernatant. This was then dialyzed against 5 mM Tris/Cl (pH 7.4)/ 5 mM
NaCl, 0.05% Triton X-100/0.05% Triton X-114/0.05% Igepal CA-630. Protein concentration of
this dialysate was determined by BCA method (Pierce Endogen) using bovine serum albumin as
a standard. This dialysate was frozen in aliquots containing 25 mg of total protein. To generate
vaccine one aliquot was filtered through a 0.8 um filter and prepared for isoelectric focusing by
adding urea to 6 M, the detergents Triton X-100, Triton X-114, and Igepal each to 0.05%, and a
mixture of pH gradient buffer pairs (5 ml of each member of each pair): pH 3.9-5.6, 200 mM
MES (2-[4-morpholino]-ethane sulfonic acid and 200 mM glycyl-glycine, Fisher Scientific, Fair
Lawn, NJ); pH 4.5-6.1, 200 mM MOPSO (3-[n-morpholino]-2-hydroxy-propanesulfonic acid and
2000 mM  O-alanine, Sigma); pH 5.1-68, 2000 mM TAPS (2-hydroxy-1,1-
bis[hydroxymethyl]ethyl)amino}-1-propanesulfonic acid, Fisher) and 200 mM g-amino-n-caproic
acid (Sigma). Water was added to a total volume of 50-60 ml. FS-IEF was carried out in a
Rotofor device (Bio Rad Laboratories).  Isoelectric focusing was conducted for 5 h at 15 W
constant power while the apparatus was cooled with recirculating water at 4 °C; the anode
compartment contained 0.1 M H;PQO,, while the cathode compartment contained 0.1 M NaOH.
Twenty fractions were harvested; the pH of each fraction was determined with a standard pH
meter, and the protein content was analyzed by SDS-PAGE and Western blotting as previously
described 3. SDS-PAGE and Western blot results indicated that following FS-IEF, several
fractions ranging from pH 5.1 to pH 6.0 contained HSP70, HSP90, GRP94/gp96, and
calreticulin within them “* 2. Fractions selected to be pooled for vaccines were those that
contained all four of the above HSPs. FS-IEF utilizes small amounts of starting material to yield
relatively large amounts of tumor-derived chaperone proteins. In general, 1g of tumor can yield
1000 pg CRCL vaccine while from the same amount of tumor, only 30-50 pg of individual
chaperone protein such as HSP70 can be generated using conventional purification strategies.
Endotoxin level of the CRCL is lower than 0.01 endotoxin units/ug of CRCL as examined by
Limulus Amebocyte Lysate assay (QCL-1000, BioWhittaker, Walkersville, MD).

Fractions from FS-IEF that contained substantial amounts of four chaperone proteins (HSP70,
HSP90, GRP94/gp96, and calreticulin), as determined by SDS-PAGE and Western blotting,
were pooled and dialyzed stepwise out of urea and detergents (starting in 0.1 X PBS, 2 M urea,
and 0.025% detergents, ending with 0.1 X PBS). Pooled fractions were then concentrated
using Centricon devices (Millipore, Bedford, MA) and reconstituted in PBS. Vaccines were then
passed onto an Extracti-gel D column (Pierce Endogen) to remove detergent. Protein
concentrations were determined by the BCA method and the concentrated proteins were diluted
to appropriate concentration for in vivo and in vitro experiments.




e

Generation of bone marrow-derived DCs: BALB/c mouse bone marrow DCs were generated
using a slightly modified protocol from that described previously é. Bone marrow was harvested
from femurs and tibiae and filtered through a Falcon 100 Om nylon cell strainer (Becton
Dickinson Labware). Red blood cells were lysed in a hypotonic buffer and the marrow was
cultured in complete RPMI medium (therapeutic grade; Gibco/Invitrogen), which contained 10%
fetal calf serum, L-glutamine, 50 pg/mi streptomycin sulfate, and 10 pg/ml gentamicin sulfate.
Murine granulocyte-macrophage colony-stimulating factor (GM-CSF) (10 ng/ml; Peprotech,
Rocky Hill, NJ) and interleukin (IL)-4 (10 ng/ml) were added to the culture. After 6 days, the
nonadherent and loosely adherent cells were harvested, washed and used for in vivo and in
vitro experiments. Less than 10% of these cells were contaminated by macrophages (CD14"
cells) as determined by flow cytometry.

In vivo tumor growth experiments: Mice were injected with 3x10° (LD1g) viable 12B1 cells in
the right groin on day 0. 12B1 cells were obtained from one single in vivo passage. On day
+2, mice began treatment with imatinib by gavage (200, 300, or 400 mg/kg) twice per day for 7
days. In experiments with DCs, day 5 DCs were incubated with 50 pg/ml CRCL vaccines in the
presence of 10 ng/ml murine GM-CSF and 10 ng/ml murine IL-4 for 24 hours, then the DCs
were washed with PBS three times, and resuspended in PBS followed by s.c. injection into the
left groin of mice. A total of 5 x 10° DCs were injected per mouse. Tumor size was measured
every other day with calipers once the tumors became palpable. Tumor volume was calculated
using the formula: (length) x (width?) x (n/6). Differences in mean tumor volume between
groups were evaluated using an unpaired ¢ test.

Interferon-gamma (IFN-y) secretion, interleukin 2 (IL-2) production and mixed lymphocyte
reaction (MLR) of splenocytes from treated mice: BALB/c mice were injected with 3x10? viable
12B1 cells on day 0. Mice were then treated as indicated above. On day 12, splenocytes were

harvested. IFN-y and IL-2 production and MLR of splenocytes were examined as described
previously 2.

Cytotoxicity assay BALB/c mice were treated as indicated above. On day 14, splenocytes were
harvested and cultured in RPMI complete media in the presence of 10 pg/ml CRCL and 20 U/ml
IL-2 for 7 days. Viable cells were then harvested by Ficoll density centrifugation (Sigma) and
used as effector cells. Stimulated effector cells were tested for cytolytic activity against 12B1, or
A20 cells using a Cytotox 96® Non-Radioactive Cytotoxicity Assay kit (Promega, Madison, WI)
following the instructions provided. The percentage of cytotoxicity was determined according to
the formula provided in the kit instructions by the manufacturer. One Iytic unit (LU) was defined
as the number of effectors required to lyse 40% of targets; cytotoxicity is presented as LU per
10® effector cells.

RESULTS

12B1 cells show in vitro and in vivo sensitivity to imatinib mesylate. Since 12B1 cells are murine
bone marrow-derived cells transduced with the human bcr-abl cDNA encoding the (bsaz) p210
BCR-ABL protein, we anticipated that these cells would be sensitive to imatinib exposure. 12B1
cells grown for 24 hours in increasing concentrations of imatinib showed a dose-dependent
reduction in viability as measured by MTT assay (Figure 1 A). A20 cells, a syngeneic murine




leukemia/lymphoma (i.e., lacking the bcr-abl transgene), were insensitive to the drug at all
concentrations tested.

We further demonstrated that imatinib induced apoptosis of 12B1 cells both in vitro and in vivo.
12B1 cells exposed to 2 uM imatinib stained with prominent amounts of Annexin V on their cell
surface with increasing exposure to the drug (Figure 1 B). Flow cytometric analysis indicated
that after 6 hours incubation, about 30% of 12B1 cells were Annexin V positive, which increased
to over 55% by 20 hours, while half of these cells were moving into secondary necrosis (Pl and
Annexin positive). Comparable proportions of 12B1 cells underwent apoptosis when treated with
4 uM imatinib (data not shown). Apoptotic induction of 12B1 cells in vivo was further confirmed
by TUNEL staining of tumors harvested from mice receiving imatinib treatment (Figure 1 C).

Imatinib mesylate inhibits 12B1 bcr-abl tyrosine kinase phosphorylation in vitro. To examine
whether the 12B1 susceptibility to imatinib may lie in the phosphorylation status of p210, 12B1
cells were exposed to 2 uM of imatinib for 0-24 hrs, and the cells were harvested at time points
shown (Figure 2). Cell lysates were prepared and separated on SDS-PAGE, followed by
transfer to nitrocellulose for Western blotting. We observed that the p210 BCR-ABL protein was
present to an appreciable extent in cells at all of the time points chosen (as demonstrated by
probing of the blot with an antibody for c-abl, Figure 2, top). However, the p210 protein
displayed progressively less tyrosine phosphorylation (when probed with anti-phosphotyrosine
antibodies, Figure 2, bottom). The reduced phosphorylaton status of p210 may result in
reduced activation of downstream signaling molecules which may override anti-apoptotic
mechanisms employed by BCR-ABL positive leukemic cells.

Imatinib mesylate reduces tumor burden and prolongs survival but does not cure mice of the
disease. We next examined the efficacy of imatinib treatment of mice bearing 12B1 tumors. In
dose escalation studies, we found that increasing amounts of imatinib resulted in significant
retardation of tumor growth (Figure 3 A). However, all animals eventually succumbed to
disseminated disease or to large tumor masses (Figure 3 B). For future treatments, we chose
300 mg/kg of imatinib twice daily for 7 days, since the effects were comparable to higher drug
doses, and this was already a relatively high dose for mice when compared to other reports *°.

Combination therapy of imatinib mesylate with DCs pulsed with 12B1-derived CRCL can be
curative against mice bearing 12B1 tumor. We wished to examine whether combination of
specific chemotherapy with specific immunotherapy may offer an advantage over monotherapy.
Since imatinib is not particularly myelosuppressive, and may actually enhance antigen
presenting cell (APC) activity %, combining it with an immunostimulatory vaccine such as CRCL
pulsed DCs seemed like a feasible approach, particularly in light of the success we previously
had using this vaccination approach alone "2 Mice were inoculated with tumor on day 0, and
were treated with imatinib as above (i.e., 300 mg/kg gavage twice daily) from days 2-9. DCs
pulsed with 12B1-derived CRCL (DC/CRCL, 5 x 10° cells/ mouse) were injected s.c. on day 2.
Tumor volume was thereafter monitored. Figure 4 shows individual tumor growth curves of
mice in each treatment group. All mice in the PBS control or imatinib alone groups developed
tumor. However, DC/CRCL alone or combination therapy resulted in eradication of tumor
growth in 3/8 and 4/8 mice, respectively. The mean tumor volume of each group was further
analyzed. Each of the three treatment regimens (imatinib alone, DC/CRCL alone, or the
combination) significantly delayed the mean tumor growth when compared to saline-treated
controls. Moreover, treatment with imatinib + DC/CRCL was superior to imatinib or DC/CRCL
alone (p<0.05). These data were reproduced in an additional experiment (data not shown) with
survival analysis of the pooled data demonstrating a survival of 63% of mice in the combination
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therapy group, which compared favorably to 44% for the group treated with immunotherapy
alone, and 6% in the imatinib group.

Combination therapy of imatinib and DC/CRCL induces superior IFN-y secretion and cytotoxic T
lymphoctye (CTL) activity in vivo. We have previously shown that vaccination with DC/CRCL
induced T cell dependent immunity 2. In addition, splenocytes from vaccinated mice displayed
tumor antigen specific CTL activity and secreted higher amounts of IFN-y following in vitro
restimulation with tumor antigen or antigenic-peptide bearing chaperones "2, In this study, we
investigated the |IFN-y secretion by splenocytes and the generation of tumor-specific CTL activity
following treatment of mice with imatinib and/or DC/CRCL. Mice were inoculated with tumor on
day 0, and received either DC/CRCL alone, imatinib alone, or both. On day 14, spleens were
harvested, and splenocytes were restimulated with 12B1-derived CRCL. IFN-y ELISPOT
assays were performed. Only splenocytes from mice receiving DC/CRCL (with or without
imatinib) showed IFN-y production following restimulation. Interestingly, there was a sharp
increase in IFN-y production when mice received the imatinib + DC/CRCL combination.
Quantitatively, there was a 2-fold increase in IFN-y-producing cells in spleens of mice receiving
combination therapy versus those receiving DC/CRCL alone (Figure 5 A). Moreover, we found
increased IL-2 production and T cell proliferation in splenocytes from mice receiving
combination therapy when compared to those receiving imatinib or DC/CRCL alone (Zeng et al.,
unpublished data).

CTLs play important roles in controlling tumor growth. To measure specific CTL activity,
splenocytes from treated mice were restimulated in vitro with 12B1 CRCL for 7 days and then
tested for cytolytic function against 12B1 tumor or against syngeneic control A20 tumor targets.
DC/CRCL alone and combination therapy elicited comparable CTL activity against 12B1 tumor
target but not against A20 tumor cells (Figure 5 B). In contrast, imatinib alone or saline failed to
generate CTL activity.

To more accurately assess the increase in cytotoxic activity taking place in vivo, we therefore
determined the total cytotoxic activity per spleen and presented this as lytic units. Mice treated
with imatinib + DC/CRCL had a 2-fold increase in lytic units per spleen when compared to mice
treated with DC/CRCL alone, and yielded a 7-fold increase when compared to imatinib (Figure 5
C).
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Figure 1. 12B1 cells are sensitive to imatinib mesylate. (A) In vitro sensitivity of 12B1 cells to increasing
concentrations of imatinib. 12B1 cells or A20 cells (5x104) were grown in indicated concentrations of imatinib for 24
hours. Cells viability was evaluated by MTT assays. (B) Imatinib mesylate induces apoptosis of 12B1 cells in vitro.
12B1 cells were exposed to 2 uM imatinib for 6 or 20 hours. Apoptosis induction was measured by Annexin V and
Pl staining followed by flow cytometric analyses. (C) Imatinib mesylate induces apoptosis of 12B1 cells in vivo.
BALB/c mice were s.c. injected with 3x10? viable 12B1 cells on day 0. When tumor diameters reached 2 to 3 mm,
mice were treated with PBS or a single dose of 900 mg/kg imatinib by gavage. Tumors were removed 24 hours
later. Apoptotic induction of 12B1 cells was detected by TUNEL staining followed by examination under confocal
laser microscopy. Original magnification x 20. Representative data from 3 experiments are shown
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Figure 2. Imatinib mesylate inhibits 12B1 BCR-ABL tyrosine kinase phosphorylation. 12B1 cells
were exposed to 2 uM of imatinib mesylate for 0-24 hrs, and cells were harvested at the time points
shown. Cell lysates were prepared and separated on SDS-PAGE, followed by transfer to
nitrocellulose for Western blotting. Presence of p210 BCR-ABL protein was probed using an
antibody for c-abl. A20 cell lysates was served as a negative control. The same membrane was
further probed for tyrosine phosphorylation with an anti-phosphotyrosine antibody. Positive control
(indicated as “control” in the lower panel) for phophorylated tyrosine is EGF-stimulated A431 cell
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Figure 3. Treatment with imatinib mesylate reduces tumor burden and prolongs survival of mice bearing 1281
leukemia. (A) BALB/c mice were injected with 3x10° 12B1 cells subcutaneously in the right groin on day 0.
Mice were given 200-400 mg/kg imatinib via gavage twice a day from days 2-9. Tumor volume was measured
(PBS vs all imatinib treatment groups, p< 0.05; no significant difference between the imatinib treatment
groups). (B) Survival of imatinib-treated mice was monitored (PBS vs all doses of imatinib: p< 0.05; no
significant differences between the imafinib treatment groups).
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Figure 4. Combining imatinib mesylate with DCs pulsed with tumor-derived CRCL delays 12B1 tumor
growth. BALB/c mice were injected with 3x10° 12B1 cells subcutaneously in the right groin on day 0.
Mice were then treated with 300 mg/kg imatinib twice daily for 7 days beginning on day 2, or with a single
DC/CRCL vaccination on day 2, or with imatinib + DC/CRCL. Tumor growth curves of individual mice in
each treatment group are shown (representative data from one of two experiments are shown). For mean
tumor volume of each treatment: PBS vs all treatment groups: p< 0.05; imatinib vs DC/CRCL: p< 0.05;
imatinib vs combination therapy: p< 0.05; DC/CRCL vs combination therapy: p<0.05 from day 21 on).
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DISCUSSION

Combining imanitib mesylate with other effective agents appears vital since drug resistance to
imatinib is clearly an emerging problem in CML 3", In addition, the ability of imatinib mesylate
to enhance the function of APCs makes it an ideal drug for the combination therapy with
immunotherapy ®. In this study we found that adding an effective vaccine approach to imatinib
treatment can significantly improve survival of mice bearing 12B1 tumors. 12B1 is an
aggressive murine ber-abl* leukemia; inoculation of mice with as few as 102 cells i.v. or 10° cells
s.c. is uniformly lethal with a median survival of 20-25 days ' 2 Combination treatment with
imatinib and DCs pulsed with 12B1-derived CRCL was able to cure up to 63% of mice with
12B1 tumors. Moreover, mice receiving combination therapy were found to have higher splenic
IFN-y production and increased CTL activity when compared to those receiving imatinib or
DC/CRCL alone.

Imatinib has been shown to induce apoptosis in ber-abl* leukemia cells ** *% %, In our study,
imatinib induced apoptosis of 12B1 cells both in vitro and in vivo as demonstrated by Annexin V
staining and TUNEL assay; however, no measurable immune responses were generated by
these apoptotic cells. Our data are consistent with a recent study demonstrating the failure of
imatinib in inducing PR1 specific CTLs in CML patients “’. We have previously reported that
apoptotic 12B1 cells are not immunogenic *" . Heat shock treatment, which leads to increased
cell membrane HSP60 and inducible HSP70 expression, converted non-immunogenic apoptotic
12B1 cells into immunogenic ones. Imatinib upregulated total cellular HSP70 expression as
measured by Western blotting. However, we observed only a minimal increase in membrane
HSP70 as determined by flow cytometry. HSP60 levels were not affected by imatinib treatment
(Zeng et al., unpublished data). These data may partly explain the lack of immune responses in
imatinib treated mice. We have previously shown that CRCL derived from liver could act as a
potent adjuvant if utilized in conjunction with apoptotic tumor cells 6. It is therefore likely that
the imatinib-induced apoptosis of 12B1 releases tumor antigens, and when given in combination
with CRCL that has both antigenic as well as adjuvant effects, leads to an enhanced anti-tumor
immune response.

The use of tumor-derived chaperone proteins (often called heat shock proteins, or HSPs) as
anti-cancer vaccines has reached clinical trial stages ** *° after numerous reports of the
immunizing efficacy of these proteins in animal models *. The operational paradigm for the
immunological effects of tumor-derived chaperone proteins involves both innate and adaptive
responses. The innate responses are derived from the pro-inflammatory (cytokine-like) effects
that exogenous, extracellular chaperone proteins have on professional APCs, particularly
dendritic cells, presumably due to interactions with APC surface receptors for chaperone
proteins 3" 52.53.54.55.56 ' Thege effects on DCs include the upregulation co-stimulatory molecules
such as CD40, CD80, and CD86, as well as increased expression of MHC class | and i
molecules and activation of the NF-xB pathway *" %% %92 Also, APCs secrete cytokines such as
TNF-o and IL-12 following encounters with chaperone proteins, further enhancing APC
stimulation of T cells °® % 2. The ensuing adaptive responses are those generated against
antigenic peptides that are bound by the chaperone proteins as part of their escort duties.
Chaperoned peptides experience “privileged access” to the antigen processing pathway and
thus end up being presented to T cells for antigen selection. It is assumed that at least some of
the tumor-derived peptides will be antigenic, leading to a T cell anti-tumor response that is
enhanced by the chaperone-protein-induced activated state of the APC.




It has been reported that imatinib significantly enhances antigen presentation by bone marrow
derived APCs *. We reasoned that in mice treated with combination therapy, both imatinib and
CRCL enhanced APC activity, whereby more potent immune responses were generated as
demonstrated by the increased IFN-y production and superior CTL activity. Other formal
possibilities may exist to explain the enhanced response; for instance, imatinib may reduce
leukemia burden sufficiently to overcome an associated leukemia-induced immunosuppression,
which would be evidenced in the increased IFN-y output by immune effector cells in tumor-
bearing mice treated with imatinib and DC/CRCL vaccines. Imatinib may also suppress
regulatory T cells that can be envisioned as tolerizing entities, presumably to avoid autoimmune
responses. Breaking this tolerance may result in greater activation of T cells that recognize
“near self” in the tumor. We are actively pursuing mechanistic answers to the question of how
the combination therapy improves treatment outcomes via the immune system.

We should point out that we have not attempted to optimize imatinib therapy in this very
aggressive murine leukemia model. The 7-day, 300 mg/kg b.i.d. regimen was chosen to
represent essentially a round of chemotherapy and to enable us to observe the effects of
adjuvant immunotherapy in conjunction with the drug. Since our scheme with imatinib was very
rarely curative outright, we were able to discern the additional benefits of our DC/CRCL
vaccines in a therapeutic setting. It is certainly possible that further manipulation of the dosage
and duration of imatinib use would improve survival outcomes for drug-treated mice (and
therefore, for the combination therapy-treated mice as well). However, the point of this work
was to demonstrate the feasibility and efficacy of anti-cancer vaccines in conjunction with an
effective drug which in and of itself is not immunosuppressive, and may even be
immunosupportive 3. The value of these results is in the implication that one may be able to
control, if not cure, CML with chemo- and immunotherapeutic combinations.




KEY RESEARCH ACCOMPLISHMENTS

Immunization of mice with 12B1-derived CRCL loaded DCs induces BCR-ABL. specific IFN-y
secretion

Immunization of mice with 12B1-derived CRCL loaded DCs induces BCR-ABL specific CTL
activity

Immunization of mice with 12B1-derived CRCL loaded DCs provides superior therapeutic
effects than DCs loaded with BCR-ABL peptide

Combination therapy of imatinib and DC/CRCL induces superior IFN-y secretion and
cytotoxic T lymphoctye (CTL) activity in vivo.

12B1 cells show in vitro and in vivo sensitivity to imatinib mesylate.

Imatinib mesylate reduces tumor burden and prolongs survival but does not cure mice of the
disease.

Combination therapy of imatinib mesylate with DCs pulsed with 12B1-derived CRCL can be
curative against mice bearing 12B1 tumor.

REPORTABLE OUTCOMES
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with chaperone-rich cell lysate loaded dendritic cells to treat ber-abl® murine leukemia.
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Zeng Y., Graner M\W., Katsanis E. Immunization of mice with bcr-abl® tumor derived
chaperone-rich cell lysates induces bcr-abl peptide specific immunity. (in preparation)
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Zeng Y., Graner M\W,, Feng H., Katsanis E. Leukemia-derived chaperone-rich cell lysates
(CRCL) provide bcr-abl specific immunity Presented at the American Society of
Hematology, San Diego, California December 2003. Blood 102:655a, 2003.
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CONCLUSIONS

In conclusion, using functional immunological assays, we have shown that BCR-ABL. peptides
are chaperoned by 12B1 tumor derived CRCL and are cross-presented to T cells. In addition,
other antigenic peptides may also be present in CRCL antigen repertoire. Future study will
include the identification of BCR-ABL peptides, as well as other antigenic peptides in CRCL
using biochemical techniques.

Moreover, we feel our data provide compelling evidence for the utilization of chaperone protein-
based anti-cancer vaccines in combination with specific chemotherapy, in this case imatinib
mesylate. While the search for better drug combinations to pair with imatinib continues, we
suggest that immunotherapy be given a higher priority in that endeavor. CRCL vaccines,
especially when used as an immunogen for pulsing DCs, may represent a novel form of
immunotherapy ideally suited for augmenting the targeted imatinib chemotherapy.

REFERENCES

1. Graner M, Zeng Y, Feng H, Katsanis E. Tumor-derived chaperone-rich cell lysates

are effective therapeutic vaccines against a variety of cancers. Cancer Immunol Immunother.
2003;52:226-34

2. Zeng Y, Feng H, Graner MW, Katsanis E. Tumor-derived, chaperone-rich cell lysates
activate dendritic cells and elicit potent anti-tumor immunity. Blood. 2003

3. Graner M, Raymond A, Akporiaye E, Katsanis E. Tumor-derived multiple chaperone
enrichment by free-solution isoelectric focusing yields potent antitumor vaccines. Cancer
Immunol Immunother. 2000;49:476-84

4. Rammensee HG, Friede T, Stevanoviic S. MHC ligands and peptide motifs: first
listing. Immunogenetics. 1995;41:178-228

5. Graner M, Raymond A, Romney D, He L, Whitesell L, Katsanis E. Immunoprotective
activities of multiple chaperone proteins isolated from murine B-cell leukemia/lymphoma.
Clinical Cancer Research. 2000;6:909-15

6. Fields RC, Osterholzer JJ, Fuller JA, Thomas EK, Geraghty PJ, Mule JJ.
Comparative analysis of murine dendritic cells derived from spleen and bone marrow. Journal of
Immunotherapy. 1998;21:323-39

7. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am
Stat Assoc. 1958;53:457-81

8. Peto R, Peto J. Asymptotically efficient rank invariant procedures. J Roy Stat Soc.
1972;A135:185-207




9. Milani V, Noessner E, Ghose S, Kuppner M, Ahrens B, Scharner A, Gastpar R, Issels
RD. Heat shock protein 70: role in antigen presentation and immune stimulation. Int J
Hyperthermia. 2002;18:563-75

10. Berwin B, Nicchitta CV. To find the road traveled to tumor immunity: the trafficking
itineraries of molecular chaperones in antigen-presenting cells. Traffic. 2001;2:690-7

11. Singh-Jasuja H, Hilf N, Arnold-Schild D, Schild H. The role of heat shock proteins
and their receptors in the activation of the immune system. Biol Chem. 2001;382:629-36

12. Inoue K, Sugiyama H. [WT 1 and leukemia). Rinsho Ketsueki. 1995;36:552-8

13. Nakao S. Identification of novel minor histocompatibility antigens responsible for
graft-versus-leukemia (GVL) effect on chronic myeloid leukemia: usefulness of determining the
clonotype of T cells associated with GVL effect after donor leukocyte infusion. Int J Hematol.
2002;76 Suppl 1:274-6

14. van der Harst D, Goulmy E, Falkenburg JH, Kooij-Winkelaar YM, van Luxemburg-
Heijs SA, Goselink HM, Brand A. Recognition of minor histocompatibility antigens on
lymphocytic and myeloid leukemic cells by cytotoxic T-cell clones. Blood. 1994;83:1060-6

15. Molldrem JJ, Clave E, Jiang YZ, Mavroudis D, Raptis A, Hensel N, Agarwala V,
Barrett AJ. Cytotoxic T lymphocytes specific for a nonpolymorphic proteinase 3 peptide
preferentially inhibit chronic myeloid leukemia colony-forming units. Blood. 1997;90:2529-34

16. Feng H, Zeng Y, Graner MW, Likhacheva A, Katsanis E. Exogenous stress proteins
enhance the immunogenicity of apoptotic tumor cells and stimulate antitumor immunity. Blood.
2003;101:245-52

17. Feng H, Zeng Y, Graner MW, Katsanis E. Stressed apoptotic tumor cells stimulate
dendritic cells and induce specific cytotoxic T cells. Blood. 2002;100:4108-15

18. Arnold-Schild D, Hanau D, Spehner D, Schmid C, Rammensee HG, de la Salle H,
Schild H. Cutting edge: receptor-mediated endocytosis of heat shock proteins by professional
antigen-presenting cells. Journal of Immunology. 1999;162:3757-60

19. Ishii T, Udono H, Yamano T, Ohta H, Uenaka A, Ono T, Hizuta A, Tanaka N,
Srivastava PK, Nakayama E. Isolation of MHC class [-restricted tumor antigen peptide and its
precursors associated with heat shock proteins hsp70, hsp90, and gp96. Journal of
Immunology. 1999;162:1303-9

20. Castellino F, Boucher PE, Eichelberg K, Mayhew M, Rothman JE, Houghton AN,
Germain RN. Receptor-mediated uptake of antigen/heat shock protein complexes resuits in
major histocompatibility complex class | antigen presentation via two distinct processing
pathways. Journal of Experimental Medicine. 2000;191:1957-64

21. Singh-Jasuja H, Toes RE, Spee P, Munz C, Hilf N, Schoenberger SP, Ricciardi-
Castagnoli P, Neefjes J, Rammensee HG, Arnold-Schild D, Schild H. Cross-presentation of
glycoprotein 96-associated antigens on major histocompatibility complex class | molecules
requires receptor-mediated endocytosis. Journal of Experimental Medicine. 2000;191:1965-74




22. Binder RJ, Blachere NE, Srivastava PK. Heat shock protein-chaperoned peptides
but not free peptides introduced into the cytosol are presented efficiently by major
histocompatibility complex | molecules. Journal of Biological Chemistry. 2001;276:17163-71

23. Pinilla-Ibarz J, Cathcart K, Korontsvit T, Soignet S, Bocchia M, Caggiano J, Lai L,
Jimenez J, Kolitz J, Scheinberg DA. Vaccination of patients with chronic myelogenous leukemia

with ber-abl oncogene breakpoint fusion peptides generates specific immune responses. Blood.
2000;95:1781-7

24. Bocchia M, Korontsvit T, Xu Q, Mackinnon S, Yang SY, Sette A, Scheinberg DA.

Specific human cellular immunity to ber-abl oncogene-derived peptides. Blood. 1996;87:3587-
92

25. Hell, Feng H, Raymond A, Kreeger M, Zeng Y, Graner M, Whitesell L, Katsanis E.
Dendritic-cell-peptide immunization provides immunoprotection against ber-abl-positive
leukemia in mice. Cancer Immunol Immunother. 2001;50:31-40

26. Johansson B, Fioretos T, Mitelman F. Cytogenetic and molecular genetic evolution
of chronic myeloid leukemia. Acta Haematol. 2002;107:76-94

27. Druker BJ, Talpaz M, Resta DJ, Peng B, Buchdunger E, Ford JM, Lydon NB,
Kantarjian H, Capdeville R, Ohno-Jones S, Sawyers CL. Efficacy and safety of a specific
inhibitor of the BCR-ABL tyrosine kinase in chronic myeloid leukemia. N Engl J Med.
2001;344:1031-7

28. Druker BJ, Sawyers CL, Kantarjian H, Resta DJ, Reese SF, Ford JM, Capdeville R,
Talpaz M. Activity of a specific inhibitor of the BCR-ABL tyrosine kinase in the blast crisis of
chronic myeloid leukemia and acute lymphaoblastic leukemia with the Philadelphia chromosome.
[see comments]. [erratum appears in N Engl J Med 2001 Jul 19;345(3):232]. N Engl J Med.
2001;344:1038-42

29. Sawyers ClL., Hochhaus A, Feldman E, Goldman JM, Miller CB, Ottmann OG,
Schiffer CA, Talpaz M, Guilhot F, Deininger MW, Fischer T, O'Brien SG, Stone RM,
Gambacorti-Passerini CB, Russell NH, Reiffers JJ, Shea TC, Chapuis B, Coutre S, Tura S,
Morra E, Larson RA, Saven A, Peschel C, Gratwohl A, Mandelli F, Ben-Am M, Gathmann |,
Capdeville R, Paquette RL, Druker BJ. Imatinib induces hematologic and cytogenetic responses
in patients with chronic myelogenous leukemia in myeloid blast crisis: results of a phase Il
study. Blood. 2002;99:3530-9 )

30. Nimmanapalli R, Bhalla K. Mechanisms of resistance to imatinib mesylate in Ber-
Abl-positive leukemias. Curr Opin Oncol. 2002;14:616-20

31. Corbin AS, Rosee PL, Stoffregen EP, Druker BJ, Deininger MW. Several Bcr-Abl
kinase domain mutants associated with imatinib mesylate resistance remain sensitive to
imatinib. Blood. 2003;101:4611-4

32. Kano'Y, Akutsu M, Tsunoda S, Mano H, Sato Y, Honma Y, Furukawa Y. In vitro
cytotoxic effects of a tyrosine kinase inhibitor STI571 in combination with commonly used
antileukemic agents. Blood. 2001;97:1999-2007




33. La Rosee P, Johnson K, O'Dwyer ME, Druker BJ. In vitro studies of the combination
of imatinib mesylate (Gleevec) and arsenic trioxide (Trisenox) in chronic myelogenous leukemia.
Exp Hematol. 2002;30:729-37

34. Gorre ME, Sawyers CL. Molecular mechanisms of resistance to STI571 in chronic
myeloid leukemia. Curr Opin Hematol. 2002;9:303-7

35. La Rosee P, O'Dwyer ME, Druker BJ. Insights from pre-clinical studies for new
combination treatment regimens with the Ber-Abl kinase inhibitor imatinib mesylate
(Gleevec/Glivec) in chronic myelogenous leukemia: a translational perspective. Leukemia.
2002;16:1213-9

36. O'Dwyer ME, La Rosee P, Nimmanapalli R, Bhalla KN, Druker BJ. Recent advances

in Philadelphia chromosome-positive malignancies: the potential role of arsenic trioxide. Semin
Hematol. 2002;39:18-21

37. Koh LP, Hwang WY, Chuah CT, Linn YC, Goh YT, Tan CH, Ng HJ, Tan PH.
Imatinib mesylate (STI-571) given concurrently with nonmyeloablative stem cell transplantation
did not compromise engraftment and resulted in cytogenetic remission in a patient with chronic
myeloid leukemia in blast crisis. Bone Marrow Transplant. 2003;31:305-8

38. Wang H, Cheng, F., Cuenca, A.G., Bhalla, K., Sotomayor, E.M. STI-571, a
Selective Tyrosine Kinase Inhibitor, Significantly Enhances Antigen Presentation by Bone
Marrow Derived APCs: Implications for Immunotherapy of Tumors-Derived from Antigen
Presenting Cells. The American Society of Hematology 43rd Annual Meeting. Orlando, Florida:
American Society of Hematology; 2001

39. Graner M, Raymond A, Akporiaye E, Katsanis E. Tumor-derived multiple chaperone
enrichment by free-solution isoelectric focusing yields potent antitumor vaccines. Cancer
Immunol Immunother. 2000;49:476-84

40. Kim KJ, Kanellopoulos-Langevin C, Merwin RM, Sachs DH, Asofsky R.
Establishment and characterization of BALB/c lymphoma lines with B cell properties. J Immunol.
1979;122:549-54

41. Feng H, Zeng Y, Whitesell L, Katsanis E. Stressed apoptotic tumor cells express
heat shock proteins and elicit tumor-specific immunity. Blood. 2001;97:3505-12

42. Graner M, Raymond A, Romney D, He L, Whitesell L, Katsanis E. Immunoprotective
activities of multiple chaperone proteins isolated from murine B-cell leukemia/lymphoma. Clin
Cancer Res. 2000;6:909-15

43. Wolff NC, llaria RL, Jr. Establishment of a murine model for therapy-treated chronic
myelogenous leukemia using the tyrosine kinase inhibitor STI571. Blood. 2001;98:2808-16

44. Sanz C, Horita M, Fernandez-Luna JL.. Fas signaling and blockade of Ber-Abl
kinase induce apoptotic Hrk protein via DREAM inhibition in human leukemia cells.
Haematologica. 2002;87:903-7




45. Fang G, Kim CN, Perkins CL, Ramadevi N, Winton E, Wittmann S, Bhalla KN.
CGP57148B (STI-571) induces differentiation and apoptosis and sensitizes Bcr-Abl-positive
human leukemia cells to apoptosis due to antileukemic drugs. Blood. 2000;96:2246-53

46. Horita M, Andreu EJ, Benito A, Arbona C, Sanz C, Benet |, Prosper F, Fernandez-
Luna JL. Blockade of the Ber-Abl kinase activity induces apoptosis of chronic myelogenous
leukemia cells by suppressing signal transducer and activator of transcription 5-dependent
expression of Bcl-xL. J Exp Med. 2000;191:977-84

47. Burchert A, Wolfl S, Schmidt M, Brendel C, Denecke B, Cai D, Odyvanova L,
Lahaye T, Muller MC, Berg T, Gschaidmeier H, Wittig B, Hehimann R, Hochhaus A, Neubauer
A. Interferon-alpha, but not the ABL-kinase inhibitor imatinib (STI571), induces expression of
myeloblastin and a specific T-cell response in chronic myeloid leukemia. Blood. 2003;101:259-
64

48. Janetzki S PD, Rosenhauer V, Lochs H, Lewis JJ, Srivastava PK. Immunization of
cancer patients with autologous cancer-derived heat shock protein gp96 preparations: a pilot
study. Int J Cancer 2000 Oct 15;(2):232-8. 2000;88:232-8

49, Belli F, Testori A, Rivoltini L, Maio M, Andreola G, Sertoli MR, Gallino G, Piris A,
Cattelan A, Lazzari I, Carrabba M, Scita G, Santantonio C, Pilla L, Tragni G, Lombardo C,
Arienti F, Marchiano A, Queirolo P, Bertolini F, Cova A, Lamaj E, Ascani L, Camerini R, Corsi M,
Cascinelli N, Lewis JJ, Srivastava P, Parmiani G. Vaccination of metastatic melanoma patients
with autologous tumor-derived heat shock protein gp96-peptide complexes: clinical and
immunologic findings.[comment][erratum appears in J Clin Oncol 2002 Dec 1;20(23):4610].
Journal of Clinical Oncology. 2002;20:4169-80

50. Srivastava P. Roles of heat-shock proteins in innate and adaptive immunity. Nature
Reviews. Immunology. 2002;2:185-94

51. Binder RJ, Han DK, Srivastava PK. CD91: a receptor for heat shock protein
gp96.[comment]. Nature Immunology. 2000;1:151-5

52. Asea A, Kraeft SK, Kurt-Jones EA, Stevenson MA, Chen LB, Finberg RW, Koo GC,
Calderwood SK. HSP70 stimulates cytokine production through a CD14-dependant pathway,
demonstrating its dual role as a chaperone and cytokine. Nature Medicine. 2000;6:435-42

53. Panjwani NN, Popova L, Srivastava PK. Heat shock proteins gp96 and hsp70
activate the release of nitric oxide by APCs. J Immunol. 2002;168:2997-3003

54. Vabulas RM, Ahmad-Nejad P, Ghose S, Kirschning CJ, Issels RD, Wagner H.
HSP70 as endogenous stimulus of the Toll/interleukin-1 receptor signal pathway. J Biol Chem.
2002;277:15107-12

55. Delneste Y, Magistrelli G, Gauchat J, Haeuw J, Aubry J, Nakamura K, Kawakami-
Honda N, Goetsch L, Sawamura T, Bonnefoy J, Jeannin P. Involvement of LOX-1 in dendritic
cell-mediated antigen cross-presentation. Immunity. 2002;17:353-62

56. Becker T, Hartl FU, Wielahd F. CD40, an extracellular receptor for binding and
uptake of Hsp70-peptide complexes. Journal of Cell Biology. 2002;158:1277-85




-«

e -

LIS SN ¥

Y

57. Singh-Jasuja H SH, Hilf N, Arnold-Schild D, Rammensee HG, Toes RE, Schild H.
The heat shock protein gp96 induces maturation of dendritic celis and down-regulation of its
receptor. Eur J Immunol. 2000;30:2211-15

58. Basu S, Binder RJ, Suto R, Anderson KM, Srivastava PK. Necrotic but not apoptotic
cell death releases heat shock proteins, which deliver a partial maturation signal to dendritic
cells and activate the NF-kappa B pathway. International Immunology. 2000;12:1539-46

59. Wang Y, Kelly CG, Singh M, McGowan EG, Carrara AS, Bergmeier LA, Lehner T.
Stimulation of Th1-polarizing cytokines, C-C chemokines, maturation of dendritic cells, and

adjuvant function by the peptide binding fragment of heat shock protein 70. J Immunol.
2002;169:2422-9




