AR
w

International Journal of Hyperthermia

ISSN: 0265-6736 (Print) 1464-5157 (Online) Journal homepage: informahealthcare.com/journals/ihyt20

Taylor & Francis

Taylor & Francis Group

Differential capacity of chaperone-rich lysates
in cross-presenting human endogenous and
exogenous melanoma differentiation antigens

Elke Bleifuss, Henriette Bendz, Birgit Sirch, Sylvia Thompson, Anna Brand],
Valeria Milani, Michael W. Graner, Ingo Drexler, Maria Kuppner, Emmanuel
Katsanis, Elfriede Noessner & Rolf-Dieter Issels

To cite this article: Elke Bleifuss, Henriette Bendz, Birgit Sirch, Sylvia Thompson, Anna
Brandl, Valeria Milani, Michael W. Graner, Ingo Drexler, Maria Kuppner, Emmanuel Katsanis,
Elfriede Noessner & Rolf-Dieter Issels (2008) Differential capacity of chaperone-rich lysates
in cross-presenting human endogenous and exogenous melanoma differentiation antigens,
International Journal of Hyperthermia, 24:8, 623-637, DOI: 10.1080/02656730802213384

To link to this article: https://doi.org/10.1080/02656730802213384

@ Published online: 09 Jul 2009.

N
CA/ Submit your article to this journal

||I| Article views: 441

A
& View related articles &'

Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalinformation?journalCode=ihyt20


https://informahealthcare.com/action/journalInformation?journalCode=ihyt20
https://informahealthcare.com/journals/ihyt20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.1080/02656730802213384
https://doi.org/10.1080/02656730802213384
https://informahealthcare.com/action/authorSubmission?journalCode=ihyt20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=ihyt20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.1080/02656730802213384?src=pdf
https://informahealthcare.com/doi/mlt/10.1080/02656730802213384?src=pdf

. informa
Int. §. Hyperthermia, December 2008; 24(8): 623-637 healthcare

Differential capacity of chaperone-rich lysates in cross-presenting human
endogenous and exogenous melanoma differentiation antigens

ELKE BLEIFUSS!?, HENRIETTE BENDZ?*?, BIRGIT SIRCH?, SYLVIA THOMPSON?,
ANNA BRANDL?, VALERIA MILANI?, MICHAEL W. GRANER®, INGO DREXLER®,
MARIA KUPPNER?, EMMANUEL KATSANIS*, ELFRIEDE NOESSNER?,

& ROLF-DIETER ISSELS!-?

'Clinical Cooperation Group Hyperthermia, Helmholiz Zentrum Miinchen-German Research Center for Environmental
Health, 81377 Munich, *Clinical Cooperation Group Hyperthermia, Internal Medicine Department III, Medical Center
Grosshadern, Ludwig-Maximilians-University, 81377 Munich, >Institute of Molecular Immunology, Helmholtz
Zentrum Miinchen-German Research Center for Environmental Health, 81377 Munich, Germany, *Department of
Pediatrics, University Medical Center, Tucson, Arizona, USA, 5Departmem of Pathology, Duke University, Durham,
North Carolina, USA, ®Institute for Virology, Helmholtz Zentrum Miinchen-German Research Center for
Environmental Health, 81675 Munich, Germany, and " Department of Virology, University of Diisseldorf, 40225
Diisseldorf, Germany

(Received 2 March 2008; accepted 19 May 2008)

Abstract

The goal of immune-based tumor therapies is the activation of immune cells reactive against a broad spectrum of
tumor-expressed antigens. Vaccines based on chaperone proteins appear promising as these proteins naturally exist as
complexes with various protein fragments including those derived from tumor-associated antigens. Multi-chaperone
systems are expected to have highest polyvalency as different chaperones can carry distinct sets of antigenic fragments.
A free-solution isoelectric focusing (FS-IEF) technique was established to generate chaperone-rich cell lysates (CRCL).
Results from murine systems support the contention that CRCL induce superior anti-tumor responses than single
chaperone vaccines. We established an in vitro model for human melanoma to evaluate the capacity of CRCL to transfer
endogenously expressed tumor antigens to the cross-presentation pathway of dendritic cells (DC) for antigen-specific T cell
stimulation. CRCL prepared from human melanoma lines contained the four major chaperone proteins Hsp/Hsc70, Hsp90,
Grp94/gp96 and calreticulin. The chaperones within the melanoma cell-derived CRCL were functionally active in that they
enhanced cross-presentation of exogenous peptides mixed into the CRCL preparation. Superior activity was observed for
Hsp70-rich CRCL obtained from heat-stressed melanoma cells. Despite the presence of active chaperones, melanoma cell-
derived CRCL failed to transfer endogenously expressed melanoma-associated antigens to DC for cross-presentation and
cytotoxic T cell (CTL) recognition, even after increasing intracellular protein levels of tumor antigen or chaperones. These
findings reveal limitations of the CRCL approach regarding cross-presentation of endogenously expressed melanoma-asso-
ciated antigens. Yet, CRCL may be utilized as vehicles to enhance the delivery of exogenous antigens for DC-mediated
cross-presentation and T cell stimulation.
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Introduction

In the normal cellular environment, chaperone
proteins perform their intracellular functions as
multi-protein complexes consisting of chaperones,
co-chaperones and substrate molecules [1, 2].
Purified tumor-derived chaperone proteins such as
heat shock protein 70, 90 and 110 (Hsp70, Hsp90,
Hsp110), Grp94/gp96 and calreticulin were success-
fully used as vaccines resulting in the generation of
tumor-reactive T cell responses and protective
anti-tumor immunity in numerous animal and
human models [3-12]. The antigenic potential was
demonstrated to reside in the repertoire of antigenic,
tumor-derived peptides carried by the chaperones
and not in the proteins themselves [10, 13-15].
Recently we documented that human Hsp70 through
complex formation with antigenic peptides acts
as antigen delivery vehicle improving antigen
cross-presentation and T cell stimulation [16].
Yet other studies addressed the question whether
multi-chaperone/co-chaperone vaccines would be
more effective than single-component chaperone
vaccines. One of the strategies utilized chaperone-
rich cell lysates (CRCL) obtained from tumor
homogenates using a free-solution isoelectric focus-
ing technique (FS-IEF) [17-24]. CRCL were shown
to contain at least the four major immunogenic
chaperone proteins Hsp70, Hsp90, Grp94/gp96 and
calreticulin. CRCL are described as large, multi-
member entities wherein chaperones are associated
in high molecular complexes [17]. CRCL derived
from murine tumor material were capable of
inducing innate and adaptive immune responses
and protective anti-tumor responses in different
models [25]. So far, only one study assessed the
immunostimulatory capacity of CRCL derived from
human material [26].

CRCL appear promising as vaccines for human
immunotherapy for several reasons. First, the
FS-IEF technique for enriching multiple chaperones
from tumor lysate is technically feasible and
yields more immunogenic material for clinical use
than individual chaperone purification procedures
[18, 19]. Second, results from murine model systems
suggest that the efficacy of CRCL as an anti-cancer
vaccine is not limited to tumors of particular
histological origin or tumorgenicity or metastatic
potential. Third, there is no need to know or to
identify tumor-specific antigens of the tumor
material used for CRCL preparations [25]. These
characteristics should allow a wide application of this
vaccine strategy for different types of cancer. Because
CRCL analyses using human tissues are to date
limited to one study, we selected a human melanoma
system to evaluate the efficacy of CRCL in the cross-
presentation of tyrosinase and Melan-1/MART-1,

both endogenously expressed, non-mutated tumor-
associated differentiation antigens of low immuno-
genicity [27, 28]. In a previous study we have
demonstrated that Hsp70 isolated from melanoma
cell lines under conditions preserving chaperone-
substrate complexes allowed the activation of
tyrosinase-specific T cells after incubation of DC
[8]. The preparation of these Hsp70-complexes
(Hsp70-PC) was labor intensive and had low yield.
Since multi-chaperone CRCL preparations promised
technical feasibility combined with equal or even
better immunological efficacy we wused this
melanoma system for CRCL preparation and
immunological evaluation.

Here we document that the CRCL technique held
the promise of complex protein composition contain-
ing multiple chaperone proteins (Hsp70/Hsc70,

Hsp90, Grp94/gp96, calreticulin). Detectable
amounts of tumor-associated antigens (TAA)
(tyrosinase, Melan-A/MART-1) as full length

proteins were also present in CRCL from tyrosinase-
and Melan-A/MART-1-positive cell lines. The
chaperone proteins within the melanoma-derived
CRCL preparation were active antigen delivery
vehicles in that they significantly enhanced the
cross-presentation of exogenous peptides with high
affinity binding motifs for Hsp70 which were added
to the CRCL preparation. Despite these character-
istics, the CRCL did not deliver antigens (tyrosinase,
Melan-A/MART-1) endogenously expressed by the
melanoma cells from which the CRCL were
prepared to immature DC (i-DC) thus failing to
induce CTL activation. This failure was not due to
inhibitory effects of CRCL on DC or T cells. Neither
over-expressing the tumor antigens nor up-regulating
the Hsp70 by heat treatment changed the outcome of
CRCL-mediated cross-presentation. The results
reveal limitations of the CRCL technique for the
in vitro cross-presentation of endogenous tyrosinase
and Melan-A/MART-1 antigens. However, the
capacity of CRCL to facilitate the cross-presentation
of exogenous peptides, in particular those with
Hsp70-binding sequences, indicates the potential
utilization of CRCL as a delivery vehicle for the
generation of vaccines with defined antigen-
specificity.

Material and methods
Peprides

The tyrosinase peptide Tyrses_376 (YMNGTMSQV)
and the Melan-A/MART-1 peptide Melan-Asg 35
(ELAGIGILTYV) were synthesized and purified by
the in-house facility. The pep70-Tyr hybrid peptide
(biotin-GSG-HWDFAWPW-GSG-YMNGTMSQV)
was purchased from Biosyntan GmbH (Berlin, Germany)



and from the University of Munich, Gene Center
(Munich, Germany). It consists of the nonameric
HILA-A2 binding epitope from tyrosinase
(YMNGTMSQV) and the pep70 sequence
(HWDFAWPW) which confers high affinity binding
to HSP70 family members.

Cultivarion of cells

The human melanoma cell line, 624.38-MEL
(tyrosinase- and Melan-A/MART-1-positive; HLA-
A*0201-positive) [29, 30], was a kind gift from M.C.
Panelli (National Institutes of Health, Bethesda,
MD, USA), and A375-MEL (tyrosinase- and
Melan-A/MART-1-negative; HLLA-A*0201-positive)
was purchased from the American Type Culture
Collection (Rockville, MD, USA). The cytotoxic
T cell clone (TyrF8) [31] (kindly provided by
P. Schrier, Department of Clinical Oncology,
Leiden University Hospital, The Netherlands)
recognizes the HLLA-A2-restricted tyrosinase peptide
Tyrses_376 (YMNGTMSQYV), the post-transcription-
ally modified version YMDGTMSQV and the
epitopes naturally processed and presented by
melanoma cell lines [32]. The cytotoxic T cell
clone A42-MART-1 is specific for the HLA-A2-
restricted Melan-A/MART-1 peptide Melan-Aj¢ 35
(ELAGIGILTV, AAGIGILTV and LAGIGILTV)
[27, 33] (kindly provided by M. C. Panelli, National
Institute of Health, Bethesda, MD, USA). Both
clones were cultured as described [32] and used
between days 8 and 14 after the last restimulation.

All tumor cell lines were cultured in RPMI 1640
supplemented with 10% heat-inactivated FCS,
2mM Il-glutamine, 100 U/ml penicillin/streptomycin
and 1 x non-essential amino acids (all chemicals
from PAA, Pasching, Austria). Cell lines were
routinely tested for mycoplasma using a commercial
kit and manufacturer’s instructions (Biochrom,
Berlin, Germany).

Human monocytes were used to generate
monocyte-derived DC. Peripheral blood mono-
nuclear cells (PBMC) were isolated from hepar-
inized venous blood from healthy volunteers by
density gradient centrifugation over Ficoll-
Hypaque (PAA, Pasching, Austria). Monocytes
were isolated from PBMC by positive immuno-
magnetic selection (anti-CD14 MACS beads;
Miltenyi Biotech, Bergisch Gladbach, Germany).
CD147" cells were then plated in 6-well plates at a
concentration of 1x 10%well in RPMI 1640
medium, supplemented with 10% low endotoxin
heat-inactivated FCS, 2mM glutamine, 1 x non
essential amino acids and 100U/ml penicillin/
streptomycin (all from PAA, Pasching, Austria).
For serum-free cultivation, CD14% cells were
plated in 6-well plates at a concentration of
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5x10° cells in 4ml AIM-V (Gibcolnvitrogen,
Carlsbad, CA) per well. RhAGM-CSF (800 U/ml)
(Novartis, Nuernberg, Germany) and rhIL-4 (500 U/
ml) (PromoCell, Heidelberg, Germany) were added
to the monocyte cultures at day 0, day 4 and day 6. At
day 6-8 immature DC (-DC) were used for
functional assays. When indicated, DC maturation
was induced by the addition of a cytokine mixture (IL-
183, 20ng/ml; IL-6, 1000 U/ml; TNF-«, 500 U/ml;
PGE,, 10 uM) (IL-18, IL-10 and TNF-« from R&D
Systems, Minneapolis, MN; PGE, from Sigma-
Aldrich, Taufkirchen, Germany) for 24h or by
adding LPS (lipopolysaccharide) (1 pg/ml) (Sigma-
Aldrich) for 24h or 48h. The institutional review
board of Ludwig-Maximilians-University approved
the use of blood donations for these studies. Informed
consent was provided according to the Declaration of
Helsinki.

Heat shock treatment of melanoma cells

Melanoma cells were plated in T175 cell culture flaks
and were grown to 80-90% confluence. Heating was
performed by directly immersing the cell culture flasks
in a temperature-controlled water bath at 41.8°C for 2h
[32]. After a recovery time of 20 h viable adherent cells
were harvested, frozen and used for Western blot
analysis and CRCL preparation.

Infection of melanoma cells with MVA-hTyr

MVA-hTyr is the stable, recombinant Modified
Vaccinia Virus Ankara containing the cDNA for the
human tyrosinase gene [34]. 2 x 107 A375-MEL
cells were plated in T175 cell culture flasks. For the
infection with MVA-hTyr, cells were incubated with
virus using a MOI of 5U/ml for 2h in RPMI 1640
+2% FCS, under occasional swaying. After infec-
tion, medium was exchanged for regular cultivation
medium. 18-20h after infection viable cells were
harvested, frozen and used for Western blot analysis
and CRCL preparation.

Preparation of chaperone-rich lysates of human
melanoma cell lines

Free solution-isoelectric focusing (FS-IEF) prepara-
tion of chaperone-rich cell lysates (CRCL) from
human melanoma cell lines was performed as
described [17, 20], with some modifications.
Following the published protocol, melanoma cells
were homogenized in homogenization buffer
(10mM Tris/HCI, (pH 7.4)/10mM NaCl, 1%
CHAPS, (all from Sigma-Aldrich, Taufkirchen,
Germany) including 2pg/ml leupeptin, 0.8 mM
Pefabloc, 1pg/ml DNase and 1 Complete protease
inhibitor  cocktail tablet (all from Roche
Molecular Biochemicals, Mannheim, Germany))
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in a glass-teflon homogenizer at a ratio of 8-10 x 10%
cells/50 ml buffer. The described detergent mixture
containing TritonX-100, TritonX-114 and Igepal
used for homogenization and FS-IEF was replaced
by CHAPS. The homogenate was centrifuged in two
steps at 4°C (10.000 x g for 30 min; 100.000 x g for
90 min), as described. The supernatant was dialyzed
into sequentially lower concentrations of homogeni-
zation buffer, ending in water. The protein
concentration was determined using colorimetric
bicinchoninic acid assays (BCA Reagent, Pierce
Endogen, Rockford, IL), and frozen in aliquots.
For FS-IEF a mixture consisting of cell lysate
(10-15mg of total protein), acid/base pairs, urea
and detergent was prepared (total volume 60 ml).
Acid/base pairs in the pH ranges of 3.9-5.6 (400 mM
MES and 400mM Gly-Gly), 4.5-6.1 (400mM
MOPSO and 400mM f3-alanine) and 5.1-6.8
(400mM TAPS and 400mM e-amino-caproic
acid), (all chemicals from  Sigma-Aldrich,
Taufkirchen, Germany) were used for pH gradient
establishment (2.5 ml of each solution), as described.
Compared to the published protocol, the concentra-
tion of wurea (Fisher Scientific UK Ltd,
Loughborough, UK) was increased to 7M and
CHAPS (Sigma-Aldrich) was used as detergent
(see above) in a concentration of 0.15%. The
isofocusing was performed in a Rotofor device
(Biorad, Hercules, CA) with 15W constant power
for 5h, as described. Twenty fractions were har-
vested and analysed by SDS-PAGE and subsequent
Western blot probing with specific antibodies for the
chaperones Hsp70/Hsc70, Hsp90, Grp94/gp96 and
calreticulin. Hsp70/Hsc70-enriched fractions of 8-10
independent Rotofor runs were pooled and dialyzed
against 2 M urea in 0.5 x PBS, pH 7.4, followed by
dialysis into 0.5 x PBS. As described, the dialysate
was concentrated using a centrifugal filter device
(10kDa cut off) (Millipore, Billerica, MA).
For detergent removal, protein samples were applied
to a column filled with 2ml of Extracti-Gel™
detergent removing gel (Pierce Endogen, Rockford,
IL, USA) and chromatography was performed per
manufacturer’s instructions. For endotoxin removal,
protein samples were applied to a column filled with
1 ml Detoxi-Gel™ endotoxin removing gel (Pierce
Endogen, Rockford, IL, USA). This procedure was
repeated until the endotoxin read-out was less than
1EU/mg protein using the Limulus Amebocyte
Lysate assay (Cambrex Bio Science, Walkersville,
MD). The final protein solution was reconstituted in
1 x HKM buffer (25mM Hepes (pH 7.6),
50mMKCI, 5mM MgCl,) (all chemicals from
Sigma-Aldrich), quantified (BCA protein assay),
sterile filtered and stored at —70°C until use.
A typical yield was 0.5-1.5mg CRCL using 5 x 10°
human melanoma cell lines. Toxicity of CRCL

preparations was tested with one step MTT assay
(CellTiter 96® Aqueous One Solution Cell
Proliferation assay, Promega, Mannheim,
Germany) using K562 cells. No toxicity of CRCL
preparations in the range of 30-300pg/ml was
observed.

The removal of detergent and endotoxin from
CRCL preparations was required to allow functional
assays with human DC. After testing different
detergents as well as detergent-free purification
methods, CHAPS was used for homogenization
and FS-IEF because of its higher micellar concen-
tration, smaller size of micelle formation and the
ability to be removed by dialysis. Endotoxin was
removed to obtain low endotoxin CRCL prepara-
tions (<1 EU/mg protein). Sterile filtration of the end
product concomitantly removed any precipitates,
which often accumulated during the purification
procedure.

Western blot analysis

Cell lysates of melanoma cells before/after heat
treatment or infection with MVA-hTyr, fractions of
Rotofor runs and CRCL preparations were
analysed by Western blot using standard proto-
cols [32]. Cell lysates were prepared by lysing
1-2 x 10° melanoma cells in lysis buffer (25mM
Tris/HCl (pH 7.4), 150mM NaCl, 1% NP40
containing 2 pg/ml leupeptin, 0.8 mM Pefabloc and
1mM DNase (freshly added just before use) for
30min at 4°C). After centrifugation supernatants
were taken and protein amount was determined by
Bradford method (Bradford reagent, Biorad,
Hercules, CA).

Melanoma-associated antigens were detected
with antibodies recognizing human tyrosinase
(monoclonal mouse IgG2a T311, NeoMarkers,
Labvision, Westinghouse Dr. Fremont, CA) and
human Melan-A/MART-1 (monoclonal mouse IgG1
HMB45, DAKO, Glostrup, Denmark). Heat shock
proteins were detected using antibodies against
human Hsp70/Hsc70 (monoclonal mouse IgGl
BRM-22, Sigma-Aldrich, Taufkirchen, Germany),
human Hsp70 (monoclonal rat IgG1 6B3, produced
by our in-house facility [8]), human Hsc70 (mono-
clonal mouse IgG2 1B5), human Hsp90 (mono-
clonal mouse IgGl ACS88), human -calreticulin
(whole rabbit serum) (all from StressGen
Biotechnologies, Victoria, British  Columbia,
Canada) and human Grp94/gp96 (whole rabbit
serum, Kkindly provided by Dr Nicchitta, Duke
University Medical Center, NC). Equal protein
loading was verified by immunodetection of $3-actin
using a rabbit anti-serum against human f3-actin
(Sigma-Aldrich).



Flow cytometry

The following antibodies were used: isotype controls
(mouse IgGl, mouse IgG2a and mouse IgG2b;
Immunotech, Hamburg, Germany), anti-human
CD14, anti-human CD83 (Immunotech,
Hamburg, Germany), anti-human CD86 (Caltag,
Burlingame, CA, USA), anti-human CD40, anti-
human HLA-DR, anti-human CDS80, PE-labeled
anti-human CD11c and FITC-labeled anti-human
CD209 (BD Biosciences Pharmingen, Heidelberg,
Germany). PE-conjugated goat anti-mouse IgG
(Dako, Hamburg, Germany) was used as secondary
reagent for unlabeled primary antibodies. 2 x 10’
cells were stained wusing standard protocols.
Dead cells were excluded by propidium-iodide
staining. Cells were analysed using a FACSCalibur
flow cytometer with CellQuest software (BD
Biosciences Pharmingen).

Analysis of macropinocytosis and endocytosis

Human i-DC (d6 or d7) (1 x 10°cells/2 ml AIM-V)
were treated with different amounts of CRCL
(20-200 pg/ml). Untreated cells and cells incubated
with 1 pg/ml LPS served as controls. After 24 h cells
were harvested and analysed for macropinocytosis
and endocytosis. 2x 10’ treated DC were
resuspended in 0.5ml AIM-V. For macropino-
cytosis, FITC-conjugated albumin (Sigma-Aldrich)
was added in a final concentration of 0.5 mg/ml and
incubated for different times (30 to 90 min) at 37°C.
For endocytosis analysis, FITC-conjugated Dextran
(FD-70S, Sigma-Aldrich) was added at a final
concentration of 10 pug/ml for 3.5h at 37°C. After
the incubation, cells were intensively washed and
analysed immediately on a FACSCalibur flow
cytometer with CellQuest software (BD Biosciences
Pharmingen, Heidelberg, Germany). The mean
fluorescence intensity (MFI) of the cells in FL1
was determined. The background MFI of cells
incubated at 0°C was subtracted.

1L-12 secretion and surface marker expression of
human DC

Human monocyte-derived i-DC (d6-d8) (1 x 10°
cells/2ml AIM-V) were treated with different
concentrations of CRCL (20-200 pg/ml) for 48h.
Untreated cells and cells incubated with 1 pg/ml LPS
served as controls. After incubation, supernatants
were harvested for cytokine measurements and cells
were used for analysis of surface markers by flow
cytometry. The IL-12p40 content in the super-
natants was quantified by standard ELISA (BD
Biosciences Pharmingen).
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Mixed-leukocyte reaction (MLR)

Human monocyte-derived i-DC (d6-d8) (1 x 10°
cells/2ml AIM-V) were cultured with 40 pg/ml
CRCL. DC without CRCL from parallel cultures
served as control cells. After 24h, DC were
harvested, washed, irradiated (40Gy) and seeded
into 96-well round-bottom plates at titrated concen-
trations. Allogeneic T cells (1 x 10°/well) were added
to each well resulting in DC to T cell ratios from 1:2
to 1:64. Control wells contained untreated and
CRCL-treated DC without T cells and T cells
without DC, respectively. T cell proliferation was
assessed after 5 days of coculture by adding [°H]-
thymidine (1 pCi/well (0.037 MBq)) (Hartmann
Analytics, Braunschweig, Germany) during another
24h. [°H]-thymidine incorporation was measured
using a microBeta counter (Beckman Coulter,
Fullerton, CA).

Cross-presentation assay

The amount of exogenous antigens cross-presented
by DC was assessed by the capacity of DC to
stimulate IFN-y secretion of TyrF8 or A42-MART-
1 CTL specific for antigens tyrosinase or Melan-A/
MART-1, respectively, as described previously [8].
Briefly, i-DC (d7) were seeded at a concentration of
2 x 10* cells in 100l per well in 96-well round-
bottomed plates and indicated concentrations of
CRCL were added. After 24 h, DC were induced to
mature by the addition of a cytokine mixture (IL-18,
20ng/ml; IL-6, 1000U/ml; TNF-«o, 500 U/ml;
PGE,, 10uM) for additional 24h. TyrF8 cells or
A42-MART-1 CTL were added (2 x 10* cells/well)
in 100 pl of medium to give final concentrations of
25U/ml IL-2, 5% FCS, and 5% human serum.
As positive control, tyrosinase peptide (Tyrsgs 376) Or
Melan-A/MART-1 peptide (Melan-A,¢ 35) were
added at concentrations ranging from 1-10 pg/ml to
m-DC shortly before the CTL were applied. After
24 h, supernatants were harvested and the content of
IFN-y was measured by ELISA (OptEIA, BD
Biosciences Pharmingen). In some experiments,
different incubation times with CRCL were used
(2-24h) and the maturation step of DC was omitted.
Where indicated, titered amounts of recombinant
human Hsp70 (rthuHsp70) were additionally
added to the CRCL and coincubated with the DCs
(1.5 x 10* for 2h before addition of the T cells
(4 x 10%).

To determine the capacity of CRCL as antigen
carrier, 10 pM pep70-Tyr were mixed with CRCL
(30-120 pg/ml) in 30 pl in a 96-well round-bottomed
plate and the mixture was incubated for 2h at RT to
allow complex formation. 1.5x 10* i-DC were
added in 80ul AIM-V and incubated for 1h at
37°C/5% CO,. 4 x 10°> TyrF8 CTL were added to
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yield a final volume of 210 pl consisting of 5% FCS,
5% human serum and 25U/ml IL-2. After 24h
supernatants were harvested and the content of
IFN-y was measured by ELISA.

Statistical analysis

Data are expressed as the mean+ SD of triplicate
samples. For calculation of significance the Wilcoxon
rank sum test was employed.

Results

Composition of CRCL prepared from human
melanoma cell lines

Human melanoma cell lines were used for CRCL
preparations by FS-IEF. In order to reach

compatibility with the human DC system, the
method previously described for murine tumor
material required some modifications, such as
selecting a removable detergent, adjusting rotofor
conditions and removing endotoxin (see material
and methods).

As shown in Figure la, Hsp90, Hsp70/Hsc70,
Grp94/gp96 and calreticulin of lysates of different
human melanoma cell lines clustered along the pH
gradient in fractions 9-13. These fractions were
combined to yield the final CRCL preparations used
for the study. The overall protein composition of
CRCL preparations as determined by SDS-PAGE
and subsequent Ponceau S-staining revealed a
complex mixture that was similar in complexity to
the starting lysates (Figure 1b). The chaperones
Hsp70 and Hsc70 were strongly enriched in the
CRCL compared to the cell lysate and Hsp90,

(a)
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Figure 1.

Composition of CRCL prepared from human melanoma cell lines. (a) 15 mg of total protein from A375-MEL

cell lysate were loaded onto a Rotofor device and FS-IEF was performed. Twenty fractions (each 2.5 ml) were harvested and
aliquots of 15ul were analysed by SDS-PAGE and Western blot for human Hsp90, Hsp70/Hsc70, Grp94/gp96 and
calreticulin, using specific antibodies. Chaperones were detected in fractions 9-13, spanning a pH range from 5.4-6.5.
(b) Fractions 9-13 of eight to ten independent Rotofor runs were combined to yield the CRCL. CRCL and cell lysates were
analysed by SDS-PAGE and subsequent Western blot. Equal protein amounts of lysates and CRCL preparations,
respectively, were loaded. Membranes stained with Ponceau S show the overall protein patterns of CRCL and cell lysates
from melanoma cell lines A375-MEL and 624.38-MEL. (c) Membranes were developed using antibodies to chaperones,
Hsp70/Hsc70, Hsp90, Grp94/gp96, calreticulin, and melanoma-associated antigens, tyrosinase and Melan-A/MART-1.



Grp94/gp96 and calreticulin were present in roughly
similar amounts (Figure 1c¢). The tumor-associated
antigens, tyrosinase and Melan-A/MART-1, were
present in the lysates of the antigen-positive
melanoma line 624.38-MEL and still detectable in
the respective CRCL preparation (Figure 1c).

These results document that CRCL can be
prepared from human melanoma cell lines with
reproducible yields of 1-1.5mg CRCL from
5 x 108 cells.

Melanoma cell-derived CRCL contain a chaperone
system which can deliver exogenous peptides to the
cross-presentation pathway of DC for CTL
stimulation: Superior activity of CRCL from
heat-treated melanoma cells

We previously documented that Hsp70 functions as
a chaperone molecule and facilitates, through
its ability to form complexes with peptides
antigen cross-presentation by DC resulting in
enhanced antigen-specific T cell stimulation [16].
The melanoma cell-derived CRCL were highly
enriched for Hsp70 compared to cell lysates
(Figure 1c). Using a comparison against titered
amounts of recombinant human Hsp70 in a fluor-
escent Western blot analysis we estimated that the
amount of Hsp70 in CRCL preparations was around
5-10% of the total protein (data not shown).
To evaluate the functional capacity of the CRCL as
antigen delivery vehicle for exogenous peptides we
utilized our previously established system which
allows the quantification of the chaperone-related
modulation of cross-presentation efficacy [16].
Specifically, equal amounts of the hybrid pep70-
Tyr peptide (10 uM) containing the tyrosinase-
specific epitope and the Hsp70 binding sequence
HWDFAWPW (here called pep70) were mixed with
varied concentrations of CRCL and pre-incubated
for complex formation. Then, i-DC from HLA-A2-
positive donors and CTL were added to the CRCL/
pep70-Tyr mixtures or to parallel settings containing
an identical amount of hybrid peptide (10puM)
without CRCL. The extent of antigen transfer to
DC was determined by measuring the amount of
CTL-secreted IFN-y. As shown in Figure 2a, the
CTL IFN-y response was higher when the DC were
pulsed with pep70-Tyr/CRCL mixtures compared to
DC pulsed with peptide only (1.93 fold at 90 pg/ml
CRCL). The amount of CTL-secreted IFN-y was
higher when more CRCL was present (1.41 fold at
60 pg/ml CRCL and 1.93 fold at 90 pg/ml CRCL)
(data not shown).

CRCL(624.384+HS) derived from heat-treated
624.38-MEL cells, which had higher Hsp70 content
(Figures 2b and 2c), were even better in
delivering the pep70-Tyr peptide compared to
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CRCL(624.38-HS) derived from untreated cells
(2.39 fold compared to 1.93 fold at 90pug/ml
CRCL) (Figure 2a). The results are in line with
our previous demonstration that targeting peptides to
form complexes with Hsp70 enhances their efficiency
of being cross-presented by DC.

Together these results indicate that the melanoma
cell-derived CRCL contain a chaperone system with
the ability to deliver exogenous peptides with an
Hsp70 binding motif to the cross-presentation
pathway of DC for CTL stimulation. CRCL with
higher content of Hsp70 show superior activity.

Melanoma-derived CRCL fail to transfer
endogenously expressed tyrosinase or Melan-
A/MART-1 to human DC for MHC class I-restricted
CTL recognition

To determine the capacity of the CRCL to transfer
antigens endogenously expressed by the melanoma
cells from which they were derived, CRCL of
tyrosinase- and Melan-1/MART-1-positive 624.38-
MEL cells and antigen-negative A375-MEL cells,
designated CRCL(624.38) and CRCL(A375),
respectively, were added to human i-DC from
HILA-A2-positive donors. Before addition of the T
cells, CRCL-~pulsed DC were matured with a cock-
tail of IL-183, IL-6, TNF-« and PGE,. CRCL-pulsed
DC were assessed for their ability to stimulate IFN-y
release by CTL.

We used CRCL over a wide range (1-1000 pg/
ml) and were unable to find evidence of antigen
transfer and CTL stimulation by CRCL-pulsed DC
(Figures 3a and 3b). The tested CRCL concentra-
tions should cover an estimated range of 0.1 to
100 pg/ml of Hsp70, amounts which were active in
cross-presentation when isolated as single chaper-
one HSP70-peptide complexes (see [8], Figure 3,
half-maximal tyrosinase cross-presentation at 75 ng/
ml HSP70-PC). Furthermore, lack of CTL
stimulation was observed not only for the tyrosi-
nase-recognizing CTL TyrF8, but also for the
CTL A42-MART-1 recognizing Melan-A/MART-
1. Both protein antigens were detected in CRCL
preparations (see Figure 1c), but apparently the
peptide epitopes were not transferred to the DC
MHC class I presentation pathway. Similarly,
negative results were seen when the maturation
cocktail was omitted from the DC cultures (data
not shown).

To exclude an inhibitory effect of CRCL on the
ability of DC to present antigen for CTL stimulation,
we added the tyrosinase-specific epitopes with or
without CRCL to the DC/CTL co-cultures. As
shown in Figure 3c, tyrosinase-specific CTL stimu-
lation induced by exogenous peptide loading was
identical in the presence or absence of CRCL
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Figure 2. CRCL enhance cross-presentation of exogenous peptides, with heat-induced CRCL showing superior activity.
(a) CRCL from heat-treated 624.38-MEL or melanoma cells cultured at 37°C (CRCL(624.38 + HS) or CRCL(624.38-HS)
respectively) (90 pg/ml) were mixed with the hybrid peptide pep70-Tyr (10 pM) and incubated for 2h at RT. 1.5 x 10* DC
were added for 1h at 37°C/5% CO, followed by the addition of 4 x 10> TyrF8 CTL. After 24 h IFN-y in the supernatants
was determined by ELISA. DC/CTL co-cultures with pep70-Tyr alone, with CRCL alone and without pep70-Tyr/CRCL
served as controls. The relative IFN-y production was calculated using IFN-y of DC/CTL co-cultures with pep70-Tyr alone
as reference value [16]. Bars are the mean 4+ SD of three different experiments each performed in triplicate values. All
cultures containing CRCL resulted in significantly higher CTL stimulation compared to controls with peptide alone (all p-
values <0.05). (b) Chaperone and antigen levels of melanoma cells after heat treatment. 624.38-MEL cells were treated with
sublethal heat shock (HS) (41.8°C for 2h) and allowed to recover for 20h. Viable cells were harvested and analysed by
Western blot for Hsp70, Hsc70, tyrosinase and Melan-1/MART-1. 3-actin served as loading control. (c) Chaperone content
of CRCL derived from heat-treated melanoma cells. Equal amounts (10pg) of CRCL(624.38+HS) or
CRCL(624.38 — HS) were analysed for Hsp90, Hsp70, Hsc70, Grp94/gp96 and calreticulin.

excluding a general inhibitory activity of CRCL on
DC antigen presentation or CTL stimulation.
Identical results were obtained with the Melan-
A/MART-1-specific epitope and the corresponding
specific CTL A42-MART-1 (data not shown).

The negative outcome of cross-presentation of
endogenously expressed melanoma associated anti-
gens was seen independently of the melanoma cell
line used for CRCL preparation or the detergent or
the endotoxin removal step used for CRCL purifica-
tion (data not shown).

Higher endogenous levels of Hsp70 or tyrosinase in
human melanoma cell lines do not lead to CRCL with
capaciry to transfer endogenously expressed melanoma
antigens to DC for CTL recognition

We previously demonstrated that Hsp70 isolated
from 624.38-MEL cells under Hsp70-substrate-
complex preserving conditions transferred tyrosinase
to the cross-presentation pathway of DC [8].
Because CRCL are a complex mixture of proteins
(see Figure 1b), we reasoned that Hsp70-tyrosinase-
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Figure 3. Melanoma-derived CRCL do not transfer
tyrosinase or Melan-A/MART-1 antigens endogenously
expressed by melanoma cells to human DC for MHC
class I-restricted CTL recognition. (a, b) Monocyte-
derived i-DC were pulsed with titered amounts of CRCL
from A375-MEL (antigen-negative) or 624.38-MEL
(antigen-positive) for 16h and then matured with a
cocktail containing IL1-88, IL-6, TNF-o and PGE,
for additional 24h. Antigen-specific CTL (TyrF8 or
A42-MART-1) were added to DC at a DC: T cell ratio
of 1:1. After 24h, supernatants were harvested and
IFN-y levels were analysed by ELISA. (c) To control the
DC capacity for CTL activation and to detect
inhibitory effects of CRCL, 10pg/ml of tyrosinase
or Melan-A/MART-1 peptides (Tyrsgs 376 or Melan-
A/MART-1,4_35, respectively) were added to DC with or
without  A375-MEL-derived CRCL (250 pg/ml).
One representative experiment of five is shown for each
CTL (a and b). Controls (c) are shown exemplarily for
TyrF8 CTL. SD are derived from triplicate values.
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complexes, which should be capable to induce cross-
presentation, may not be present in the CRCL
preparation in sufficient amounts to achieve detect-
able cross-presentation by DC.

To generate a more favorable Hsp70 presence
within the CRCL, we increased the Hsp70 level in
624.38-MEL cells by sublethal heat shock treatment
(41.8°C for 2h). As seen in Figure 2b, the amount of
Hsp70 was significantly higher in heated melanoma
cells while the Hsc70 protein level remained
unchanged. The heat shock treatment did not alter
the intracellular protein levels of tyrosinase and
Melan-A/MART-1. CRCL from heat-treated
624.38-MEL cells, CRCL(624.38+ HS), had an
estimated 2-3 fold higher Hsp70 content than
CRCL of untreated cells, CRCL(624.38 — HS),
reflecting the amount of Hsp70 in the 624.38-MEL
cells (Figure 2c). The amount of Hsp90, another
heat-inducible chaperone, was slightly increased in
CRCL(624.38 + HS), while other not heat-inducible
chaperones, such as Hsc70, Grp94/gp96 and calre-
ticulin, were similar in CRCL(624.38 + HS) and
CRCL(624.38 — HS) (Figure 2c).

When tested for their cross-presentation capacity,
CRCL(624.38 + HS), despite higher Hsp70 content,
were still unable to stimulate cross-presentation
(Figure 4a).

As another explanation for the failure to stimulate
cross-presentation, we considered that the endogen-
ous expression level of tyrosinase in melanoma cell
lines could be too low to form sufficient Hsp70-
complexes when distributed over multiple
chaperones. To enhance the tyrosinase level in the
melanoma cells, we induced overexpression using
the modified vaccinia virus ankara (MVA) system.
Infection of A375-MEL cells with recombinant
MVA containing the cDNA of the human tyrosinase
gene (MVA-hTyr) resulted in much higher intra-
cellular tyrosinase levels than 624.38-MEL cells,
which express the tyrosinase naturally (Figure 4b).
Hsp70/Hsc70 protein levels were similar in infected
and not infected A375-MEL cells (Figure 4b). Full-
length tyrosinase protein was present in the CRCL of
infected cells in similar amount as in CRCL from
624.38-MEL cells (data not shown). However, one
has to keep in mind that the amount of full-length
antigenic proteins was found not to be relevant for
successful cross-presentation. Rather, protein frag-
ments chaperoned by heat shock proteins were found
to be the necessary and sufficient source of antigen
for cross-presentation and priming of CD8' T cell
responses [13]. When assessed for cross-
presentation, the CRCL(A375/MVA-hTyr) still
were unable to induce cross-presentation and
TyrF8 CTL stimulation (Figure 4c).

Finally, we titered functionally active recombinant
human Hsp70 to the CRCL(A375/MVA-hTyr) to
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Figure 4. Inability to cross-present endogenous melanoma-associated antigens is independent of endogenous levels of
Hsp70 or tyrosinase. (a) CRCL from Hsp70-enriched melanoma cells fail to cross-present endogenous tyrosinase.
Monocyte-derived i-DC were incubated with titered concentrations of CRCL from heat-treated 624.38-MEL or melanoma
cells cultured at 37°C (CRCL(624.38 + HS), CRCL(624.38 — HS), or CRCL(A375), respectively) for 2h. A42-MART-1
CTL were added to yield a DC to T cell ratio of 1:1. After 24 h supernatants were harvested and IFN-y levels were
determined by ELISA. One of three representative experiments is shown. SD derived from triplicates. (b) Tyrosinase-
overexpressing A375 melanoma cells. A375-MEL cells were infected with MVA-hTyr (Modified Vaccinia Virus Ankara
containing the cDNA of the human tyrosinase gene) using a MOI of 5 U/ml. Cells were harvested 18 after infection and
analysed for human tyrosinase by SDS-PAGE and Western blot in parallel with uninfected A375-MEL and 624.38-MEL
cells, which express the tyrosinase endogenously. 8-actin and Hsp70/Hsc70 served as loading control. (¢) CRCL from
tyrosinase-overexpressing melanoma cells do not facilitate cross-presentation of endogenous tyrosinase. Monocyte-derived
i-DC were pulsed with titrated amounts of CRCL(A375), CRCL(624.38) or CRCL(A375/MVA-hTyr) for 6h. DC were
then matured with a cocktail containing IL1-83, IL-6, TNF-« and PGE, for 18 h. TyrF8 CTL were added at a DC to T cell
ratio of 1:1. After 24h, supernatants were harvested and IFN-y levels were determined by ELISA. One of three
representative experiments is shown. SD derived from triplicates. (d) Indicated amounts of recombinant Hsp70 protein were
mixed to 20 pg/ml CRCL(A375/MVA-hTyr) and co-incubated with DC for 2h followed by the addition of tyrosinase-
specific CTL TyrF8. After 24 h supernatants were harvested for IFN-y measurements. Control incubation of DC with
tyrosinase nonamer peptide (Tyrsgg 37¢) at 1, 5 and 50 uM yielded IFN-y values of 70, 114 and 250 pg/ml attesting that the
DC presentation and CTL response was functional. All values are derived from triplicate cultures.



yield improved Hsp70 chaperone concentrations.
Yet again we failed to induce tyrosinase cross-
presentation (Figure 4d).

Human melanoma cell line-derived CRCL do not
change functional characteristics of i-DC, including
phenorypic markers, IL-12 secretion, MLR activity
and antigen uptake

Human i-DC were cultured with CRCL(624.38) or
CRCL(A375) and 24 h later they were analysed for
surface marker expression and II-12 secretion.
CRCL had no effect on the expression of CD83,
CD80, CD86, CD40, HLA-DR and CD209 on
human i-DC (Table I). Furthermore, CRCL did not
stimulate IL-12 secretion of i-DC (Figure 5a) or
change the capacity of i-DC to stimulate allogeneic
T cell proliferation in a mixed lymphocyte reaction
(MLR) (Figure 5b). Additionally, CRCL did not
change the ability of i-DC for macropinocytosis or
endocytosis as assessed by the incubation of treated
DC with FITC-Albumin or FITC-Dextran
(Figure 5c and 5d). LPS-treatment on the other
hand strongly decreased the capacity of DC for
macropinocytosis or endocytosis. These results are
consistent with the observations that LPS induces
characteristics associated with DC maturation while
CRCL treatment did not.

Similar results were obtained with CRCL
concentrations ranging from 20-200 pg/ml, different
incubation times ranging from 8-48h and CRCL
derived from different melanoma cell lines
(624.38-MEL cells without/with heat-treatment,
A375-MEL cells without/with MVA-hTyr infection)
(data not shown).

Discussion

Since the early 1980s chaperone proteins, such as
Grp94/gp96, Hsp70 and calreticulin, have been
recognized as tools for antigen-specific vaccination,
as they were found to induce antigen-specific CD8"
T cell responses and innate immune activation, in
particular maturation of DC [10]. Recently, a
FS-IEF method was established to generate
chaperone-enriched cell lysates [17]. For clinical
immunotherapy, this method 1is an attractive
approach, since it yields high amounts of protein to
prepare material for multiple vaccination rounds
from limited tumor sources. Furthermore, the short
experimental preparation time will allow starting
patient treatment quickly after surgery. Similar to the
single chaperone vaccines there would be no need to
identify specific antigens in the human tumor
material. Based on the knowledge that different
chaperones can carry distinct antigenic protein
fragments [36] it is also expected that CRCL
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Table I. Human melanoma-derived CRCL do not change
phenotypic markers of i-DC.

MFI/positive cells (%)

Untreated CRCL LPS
CD83 5.95 (6.03%) 5.49 (6.01%) 22.93 (82.52%)
CD80 9.88 (20.08%) 9.23 (19.32%) 36.30 (92.76%)
CD86 7.23 (5.42%) 5.68 (4.57%) 60.67 (89.89%)
CD40 13.48 (38.95%) 11.21 (22.71%) 119.08 (96.01%)

HLA-DR 223.69 (99.69%) 226.44 (99.70%) 752.79 (99.95%)
CD209  473.02 (99.26%) 431.93 (99.39%) 185.98 (97.89%)

Note: Monocyte-derived i-DC (d7) were incubated with 40 pg/ml
CRCL(624.38) for 24 h. Untreated and LPS (1 pg/ml)-treated cells
served as controls. Surface marker expression was analysed by flow
cytometry. Numbers indicate the mean fluorescence intensities
and the percentage of positive cells (in parenthesis) for CD83,
CD80, CD86, CD40, CD209 and HLA-DR. One representative
experiment of five is shown.

should contain a broader spectrum of antigenic
ligands compared to single chaperone vaccines.
Indeed, mouse models support the contention that
CRCL have superior anti-tumor activity than single
chaperone vaccines [25]. To date, only one pub-
lished study assessed the CRCL approach in a
human ovarian cancer model [26].

We further investigated the capacity of human
cell-derived CRCL to deliver endogenously
expressed tumor antigens to DC for CTL
recognition. We utilized a human melanoma system
for which we had previously demonstrated that
isolated Hsp70/Hsc70 transfer the endogenously
expressed melanoma-associated antigen tyrosinase
to DC for MHC class I-restricted presentation and
CTL recognition [8]. Based on this observation and
the literature on CRCL, we hypothesized that CRCL
prepared from these melanoma cell lines should
also transfer tyrosinase and other melanoma
cell-expressed antigens to DQC, possibly with
higher efficacy.

To utilize the CRCL together with human DC and
CTL the published purification protocol required
some modification. Because residual detergent
regularly interfered with DC viability the TX-100
was exchanged for CHAPS which could be removed
sufficiently using dialysis. Endotoxins were depleted
to prevent chaperone-unrelated DC maturation and
a filtration step was introduced to provide sterility to
the preparation. This filtration step had the added
consequence that precipitates, which regularly
occurred during the purification procedure, were
removed. Using the modified procedure, we
reproducibly obtained CRCL preparations with
undetectable detergent and low endotoxin content
compatible with human in vitro DC/CTL
co-cultures. Using this modified purification
procedure CRCL isolated from different melanoma
lines were highly enriched in the chaperones Hsp70
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Figure 5. Human melanoma-derived CRCL do not change II.-12 secretion, MLR activity and uptake characteristics of
i-DC. (a) Monocyte-derived i-DC (d7) were incubated with 40 pg/ml CRCL(624.38) for 24 h (uptake assay, MLR) or for
48h (IL-12 production). Untreated and LPS (1 pg/ml)-treated cells served as controls. The IL-12p40-content of DC
culture supernatants was determined by ELISA. One representative experiment of five is shown. (b) For MLR,
untreated and CRCL-treated i-DC were harvested, irradiated (40 Gy) and co-cultured with allogeneic T cells at indicated
ratios for 6 days. T cell proliferation was assessed by measuring the uptake of [?H]-thymidine (1 pCi/well [0.037 MBq])
during the last 24h of culture. The values represent the mean of triplicate samples+SD of one experiment
representative of three. (c) For uptake assays, DC were harvested 24 h after treatment. Macropinocytosis was assessed
using FITC-conjugated albumin at a final concentration of 0.5 mg/ml for 30 min. (d) FITC-conjugated Dextran at a final
concentration of 10 ng/ml for 3.5h was used to determine endocytosis. DC were analysed by flow cytometry. The bars
represent the difference in MFI of FITC-Albumin or FITC-Dextran (FL1) obtained by subtracting the background MFI
of cells incubated at 0°C from the MFI of cells incubated at 37°C. One representative experiment of three is shown
respectively (c, d).

and Hsc70, and contained Grp94/gp96, Hsp90 and measurable among the current repertoire of specific
calreticulin. cell-surface and secretion markers.

The endotoxin-low CRCL had no detectable When we tested our CRCL for their capacity
innate immune signaling function, judged by to transfer endogenously expressed tyrosinase or
unaltered DC surface markers, unchanged cytokine Melan-A/MART-1 antigens to DC for cross-
profile and protein uptake capacity as well as presentation, we were unable to detect antigen
unchanged capacity of CRCL-exposed DC to transfer to the cross-presentation pathway. The
stimulate allogeneic T cell proliferation. These failure of CRCL to cross-present endogenous
observations are in contrast to other reports tyrosinase was particularly surprising as we had
[20, 22]. These studies mainly used murine tumor- previously isolated Hsp70-peptide complexes
derived CRCL in the context of murine bone (HSP70-PC) from this melanoma system and
marrow-derived DC, which may explain the differ- achieved tyrosinase transfer and cross-presentation
ences. Support for the hypothesis that species- with as little 50 ng/ml of purified single chaperone
specific response patterns might exist can be derived HSP70-PC (Figure 3 in [8]). We estimated that
from the single study using human material. In this Hsp70 represents about 5-10% of the total protein in
study CRCL from ovarian tumor also did not induce the CRCL preparations. Therefore the tested range

changes in surface markers of human DC. Yet, the of CRCL (100ng/ml-200 pg/ml) should have
CRCL-exposed DC secreted IL-12 and had better covered the ‘active’ Hsp70 concentration.

allostimulatory capacity [26]. Based on our data, According to the biochemical analysis, the CRCL
it cannot be excluded that our CRCL may have preparations contained Hsp70, Hsc70 and tyrosinase
DC-activating capacities that are not readily and Melan-A/MART-1 antigens. A previous study



did already suggest that the detection of full-length
antigenic proteins is not predictive for successful
cross-presentation [13]. Rather, protein fragments
chaperoned by heat shock proteins were found
to be the necessary and sufficient source of
antigen for cross-presentation and priming of
CD8' T cell responses. Since this study clearly
demonstrated that chaperone-antigen complexes
are essential for chaperone-mediated cross-
presentation, one explanation for the failure of our
CRCL to cross-present endogenous antigens could
be that the melanoma-derived CRCL did not
contain enough chaperone-tyrosinase or chaperone-
Melan-A/MART-1 complexes. Indeed, the CRCL
procedure involves relatively strong denaturation
steps and it is not clear which or how many
antigen-chaperone complexes are maintained
during the denaturing purification procedure, nor
do we understand the nature of the possible
re-association of antigen-chaperone complexes that
may occur after returning to native buffer conditions
[17, 22, 37].

We considered that the amount of Hsp70 or Hsc70
within the complex mixtures of other proteins or the
amount of endogenous antigens, in particular if it is
distributed over multiple chaperones, could be too
low to allow detectable cross-presentation by DC.
Additionally, in melanoma-derived CRCL, the ratio
between antigen-specific chaperone complexes/other
proteins and unrelated complexes/proteins could be
unfavorable for cross-presentation. We addressed
these issues by increasing the amount of tyrosinase
and Hsp70, which we knew from previous experi-
ments, is capable of tyrosinase cross-presentation [8].
Yet, even CRCL derived from Hsp70- or tyrosinase-
overexpressing cells provided no evidence that
endogenous antigen transfer did occur.

We also considered that the denaturation steps of
the CRCL preparations resulted in defective
chaperone proteins. However, when mixing Hsp70-
binding tyrosinase peptides into melanoma cell-
derived CRCL, CRCL enhanced the transfer of the
exogenous peptides to the DC resulting in better
cross-presentation and tyrosinase-specific T cell
stimulation compared to DC pulsed with peptides
in the absence of CRCL. The CRCL mediated
enhancement was comparable to that of recombinant
Hsp70 which was demonstrated previously [16].
Thus, human melanoma-derived CRCL contain
chaperones which are active as delivery vehicles for
exogenous peptides. This observation complements
recent results which had used murine liver-derived
CRCL mixed with antigenic epitopes to document
the induction of peptide-specific immunity [37].
In our system we used the pep70-tyrosinase hybrid
peptide, which contained the nonameric tyrosinase
epitope and the octameric sequence HWDFAWPW,
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which is known to bind with high affinity to the
endoplasmic reticulum resident Hsp70 homolog
(BiP) [36, 38]. In line with targeting the peptide to
form complexes with Hsp70 we observed that
Hsp70-enriched CRCL, isolated from heat-stressed
cells, had superior activity to cross-present
pep70-peptides compared to CRCL from non-
stressed cells.

In summary, the failure of CRCL from human
melanoma cells to transfer and cross-present
melanoma-associated antigens (tyrosinase and
Melan-A/MART-1) in vitro suggests that the
CRCL approach may have limitations regarding the
antigenic spectrum which can be chaperoned for
cross-presentation and T cell stimulation.
Regardless, CRCL preparations can be exploited
as delivery vehicle for the cross-presentation of
exogenously added antigenic peptides.

Heat treatment was found to be an efficient and
easy way to yield CRCL with superior capacity to
cross-present exogenous antigenic sequences, parti-
cularly those peptides containing a targeting
sequence for Hsp70. CRCL, generated with
Hsp70-enriched CRCL mixed with Hsp70-binding
peptides, may represent a new and superior vaccine
to redirect T cell immunity to epitopes which would
classically be ignored by T cells. The capacity of
chaperones to catch exogenous antigens provides a
working hypothesis for therapies, like clinical
hyperthermia, which cause Hsp70 upregulation and
release through induced tumor damage. In line with
the in vitro observations, locally released chaperones
could act as scavengers to ‘capture’ and cross-present
antigens for immune activation in vivo [6]. Thus,
chaperone-based vaccines may be able to provide the
benefit of the downstream effects of hyperthermia,
but may also be personalized or intensified for
additional immune advantage.
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