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Abstract Adjuvant treatment is still only working in a
small percentage of breast cancer patients. Therefore,
new strategies need to be developed. Immunotherapies
are a very promising approach because they could suc-
cessfully attack tumor cells in the stage of dormancy. To
assess the feasibility of using an allogeneic approach for
vaccination of breast cancer patients, we selected a
CD80-transfected breast cancer cell line based on its
immunogenic properties. Using CD80" KS breast can-
cer cells and human leukocyte antigen (HLA)-A*(02-
matched peripheral blood mononuclear cells (PBMCs)
of breast cancer patients in allogeneic mixed lympho-
cyte—tumor cell cultures (MLTCs), it was possible to
isolate HLA-A*02-restricted cytotoxic T cells (CTLs).
Furthermore, a genetically modified KS variant
expressing influenza A matrix protein serving as a sur-
rogate tumor-associated antigen (TAA) was able to
stimulate flu peptide-specific T cells alongside the
induction of alloresponses in MLTCs. KS breast cancer
cells were demonstrated to express already known TAAs
such as CEA, MUC-1, MAGE-1, MAGE-2, and
MAGE-3. To further improve antigenicity, HER-2/neu
was added to this panel as a marker antigen known to
elicit HLA-A*02-restricted CTLs in patients with breast
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cancer. Thus, the antigen-processing and antigen-pre-
sentation capacity of KS cells was further demonstrated
by the stimulation of HER-2/neu—specific CD8 " T cells
in PBMCs of breast cancer patients in vitro. These re-
sults gave a good rationale for a phase I/II trial, where
the CD80" HER-2/neu-overexpressing KS variant is
actually used as a cellular vaccine in patients with met-
astatic breast cancer. As a proof of principle, we present
data from two patients where a significant increase of
interferon-y (IFN-y) release was detected when post-
vaccination PBMCs were stimulated by allogeneic vac-
cine cells as well as by HLA-A*02-restricted HER-2/neu
epitopes. In whole cell vaccine trials, monitoring is
particularly challenging because of strong alloresponses
and limited knowledge of TAAs. In this study, a panel of
HER-2/neu epitopes, together with the quantitative real
time (qQRT)-PCR method to analyze vaccine-induced
cytokines secreted by T cells, proved to be highly sen-
sitive and feasible to perform an “immunological stag-
ing” following vaccination.

Keywords Breast cancer - Cellular vaccines -
HER-2/neu - Immunotherapy - T-cell diagnostic

Introduction

The rationale behind the use of allogeneic tumor cell
lines as therapeutic vaccines is that multiple antigens
shared by both the immunizing cell line and the pa-
tient’s tumor are presented by shared human leukocyte
antigen (HLA) molecules. However, most tumor cells
are of poor immunogenicity per se and do not effec-
tively induce antigen-specific immune responses. This is
frequently due to low densities of HLA/antigen com-
plexes and a lack of costimulatory molecules at their
cell surfaces [7, 8, 23, 45, 46, 55]. Earlier studies in
mouse models revealed that tumor cells modified to
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express CD80 costimulatory molecules were capable of
inducing immune responses in naive animals that could
protect against challenge with unmodified tumor cells
[2, 7, 22, 35, 55]. Introduction of CDS80 into several
human tumor cell lines also improved their immuno-
genicity and in some cases led to the activation of
specific cytotoxic T cells (CTLs) in vitro [24, 28, 31, 39,
56]. For clinical vaccination studies, such allogeneic
approaches have advantages in that in vitro genetically
modified and well-characterized tumor variants can be
selected for their immunogenicity and easily expanded
under GMP conditions. This would circumvent the
elaborative and inefficient generation of individual tu-
mor vaccines and guarantee that a rather larger group
of patients expressing frequent HLA alleles will obtain
a standardized treatment. However, it has been specu-
lated that strong allogeneic responses by patient’s T
cells directed against mismatched HLA molecules of
the cellular vaccine may be dominant, thus, weaker
tumor antigen—associated responses either will not de-
velop at all or will not be detectable. In contrast, sev-
eral in vitro immunization approaches, as well as
animal models using partial HLA-matched tumor cells
as stimulators, suggest that allogeneic responses sup-
port the generation of antigen-specific T cells [6, 9, 31,
33, 39, 42, 49, 52, 54].

To assess the feasibility of using an allogeneic ap-
proach for vaccination of breast cancer patients we se-
lected a breast cancer cell line based on its immunogenic
properties. The cell line KS was established from a
malignant effusion and was found to express an array of
tumor-associated antigens (TAAs) such as MUC-I,
CEA, SSX-2, and members of the MAGE family which
are known to be expressed ubiquitously by breast car-
cinoma tissues. As a result of interferon y (IFN-y)
stimulation, the KS cells express high levels of HLA
molecules [32], which probably present multiple peptide
ligands for specific T-cell activation. This KS cell line
was genetically modified to express CD80 providing
costimulatory signals to T lymphocytes [18, 19], and
further transfected to overexpress HER-2/neu in order
to provide a well-characterized TAA as a marker antigen
for immunodiagnostics. HER-2/neu is an oncogene with
extensive homology to the epidermal growth factor
(EGF) receptor and is known to be overexpressed in
approximately 25% of all ovarian and breast cancers.
Preexisting cellular and humoral immunity has been
observed in cancer patients confirming the immunoge-
nicity of HER-2/neu and encouraging vaccination trials
with HER-2/neu—derived proteins and peptides (re-
viewed in [3]). In this context, several HLA-A*02-re-
stricted epitopes of HER-2/neu are characterized,
providing exellent diagnostic tools for the analysis of
vaccine-induced T cells using allogeneic but HLA-mat-
ched immunocompetent cell variants (reviewed in [43]).

We demonstrated that KS breast cancer cells have
antigen-processing and presentation capacity as well as
the potential to stimulate TAA-specific effector T cells in
vitro. These results gave a good rationale for a phase 1/I1

trial, where a CD80" HER-2/neu-overexpressing KS
variant is used as a cellular vaccine in patients with
metastatic breast cancer. Here, we would like to share
the first clinical results as a proof of principle demon-
strating the induction of HLA-A*02-restricted HER-2/
neu-specific T cells following vaccination with an HLA-
A*02-matched CDB80-transfected tumor cell vaccine, as
shown, for example, in two selected patients.

Material and methods
Cell lines

The cell line K562 and T2 cells were purchased from the
American Type Cell Collection (ATCC, Rockville, MD,
USA). T2, a TAP-deficient and antigen-processing
defective T/B-hybrid cell line, does express HLA-B/C at
rather low levels and HLA-A*02 at higher levels [47].
The Epstein-Barr virus—transformed B lymphoid cell
line LAZ509 was a gift of U. Moebius (German Cancer
Research Center, Heidelberg, Germany). LAZ509, T2,
and K562 were maintained as suspension cultures in
RPMI 1640 medium containing 10% FCS, 4 mM -
glutamine, and 1% penicillin/streptomycin (all from
Invitrogen, Paisley, UK). The breast carcinoma cell lines
KS and AR were established in our laboratory from a
malignant effusion and from a metastasis at the primary
site of a tumor, respectively [18, 32]. SkBr3.A2, a HLA-
A*02-expressing variant of the breast cancer cell line,
was provided by S. Kaul (Department of Obstetrics and
Gynecology, University of Heidelberg). SW480, a colon
carcinoma cell line, was purchased from the tumor cell
collection of the German Cancer Research Center. All
tumor cell lines were kept in DMEM supplemented as
described above and maintained adherently as mono-
layers.

Previous work has demonstrated the influence of
cytokines on the expression of HLA antigens and
adhesion receptors of tumor cell lines—resulting in
augmented T-cell stimulation [18, 32]. Cytokine pre-
treated tumor cells were obtained by incubating the cells
overnight with 250 U/ml IFN-y (Roche, Mannheim,
Germany).

Transfections and KS variants

HLA-typing of KS cells was performed in the Institute
of Immunology, University of Heidelberg, Germany:
HLA-A*0201, x; HLA-B*35x, 40x; DRB1*15011, 1302;
DQB1*0602, 06041.

The CD80-transfected subline of KS (KS24) has been
described previously and was maintained as per their
nontransfected parental counterparts, with the exception
of G418 supplemented at 0.5 mg/ml (Invitogen) [18].
The KS24 cell line was further transfected using a
plasmid coding for HER-2/neu, generating the KS24.22



cell variant. Briefly, the ¢cDNA of HER-2/neu was
amplified by PCR in two fragments coding for amino
acids 1-813 (primer 1: 5-CCAAGCTTATGGAGCT-
GGCGGCCTTGTGCCGCTGG-3, containing HindIII
restriction site; primer 2: 5-GGCCGCGGTTTTCC-
CGGACATGGTCTAAGAGG-3’, containing Sacll-
restriction site) and amino acids 813-1256 (primer 3:
5-GGCCGCGGACGCCTGGGCTCCCAGGACCTG-3;
primer 4: 5-CCGCGGCCGCTCACACTGGCACG-
TCCAGACCCAGG-3’, includes Norl restriction site
after stop codon). In a three-fragment ligation step the
HER-2/neu-coding sequences were subcloned into the
pcDNA3.1-Zeo expression vector (all reagents by Pro-
mega, Madison, USA). KS24 cells (1.5x10") were stably
transfected using 15 pg pcDNA3-1-Zeo/HER-2 by
electroporation using a Gene Pulser (Biorad, Miinchen,
Germany) at 100 Q, 500 uF, and 380 V in PBS. HER-2/
neu—expressing cells were expanded in the presence of
G418 and Zeocin (all Invitrogen) which were supple-
mented at 0.5 and 0.25 mg/ml, respectively.

The matrix protein (MP, here M1 of influenza A
virus)-transfected subline of KS24 (KS24-M1) has been
described previously [39]. Briefly, MP cDNA was cloned
into the plasmid pUHD-10.1 [10]. KS24 cells were co-
transfected with 25 pg pUHD-10.1-M1 and 2.5 pg
pX242 (providing hygromycin resistance) using Lipo-
fectin (Invitrogen) according to the manufacturer’s
protocol. Transfectants were selected using 100 pg/ml
hygromycin (Merck, Darmstadt, Germany). MP
expression was controlled by Western blot.

Flow cytometry

Adherent tumor cells were harvested using PBS w/o
Mg?"/Ca®*, 1% EDTA (all from Invitrogen), and
incubated with the anti-HER-2/neu monoclonal antibody
(mAb) c-neu AbS according to the manufacturer’s
instructions (Oncogene, San Diego, CA, USA). For
indirect  immunofluorescence,  PE-labeled  goat-
F(ab’)antimouse immunoglobulin (Ig) (DAKO, Ham-
burg, Germany) was used as second stage reagent. Back-
ground fluorescence was determined by secondary Ab
staining alone. Events numbering 1x10° were acquired for
each analysis on a FACS Calibur cytometer (Becton
Dickinson, Heidelberg, Germany); dead cells were ex-
cluded by appropriate gating. The data are presented as
histograms showing mean fluorescence intensities.

Blood samples, patients and clinical immunization
protocol

Healthy blood donors were selected on the basis of
HLA-A*02 antigen expression determined by FACS
staining using BB7.2 mAb (hybridoma supernatant,
ATCC).

Here, peripheral blood mononuclear cells (PBMCs)
of two patients enrolled in a still-ongoing clinical vac-
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cination trial were chosen as an example for HER-2/
neu-specific T-cell diagnosis prevaccination and post-
vaccination. Therefore, the study design is described
briefly: women with metastatic breast cancer were
enrolled in a phase I/II vaccination trial using a CD80-
modified HLA-A*02" allogeneic breast cancer cell line
(KS24.22) [20]. Eligibility criteria included the follow-
ing: (1) histologically proven, measurable metastatic
breast cancer, (2) patient already received either anth-
racyclin- or taxane-based chemotherapy, (3) HLA-
A*0201 positivity, (4) in vitro activation of patient’s T
cells by mitogenic antibodies and KS24.22 vaccine cells,
and (5) written informed consent. Patients were ex-
cluded for the following reasons: (1) immunosuppres-
sive or autoimmune diseases, (2) active acute or
systemic infections, (3) chemotherapy or radiotherapy
within 4 weeks, or (4) treatment with antibodies,
cytokines, or other immune therapies within 6 weeks.
Patients received 107 lethally irradiated KS24.22 cells
from a GMP working cell bank per injection. The first
four vaccinations, which were given every 2 weeks
intradermally, were followed by four monthly vacci-
nations. PBMCs obtained by venipuncture prior to
treatment and periodically during the vaccination pro-
tocol were cryopreserved for subsequent analyses.
Written informed consent was obtained from all pa-
tients according to the policies of the local ethical
committee. The protocol was also approved by the
Paul-Ehrlich-Institut (Langen, Germany) and the
Committee for Somatic Gentherapy of the Deutsche
Arztekammer (Ko6ln, Germany).

HLA-A*02-restricted synthetic peptides

All peptides were kindly provided by S. Stevanovig
(Department of Immunology, Institute for Cell Biology,
University of Tiibingen, Germany). Peptides were syn-
thesized by solid-phase Fmoc chemistry using peptide
synthesizer 432A (Applied Biosystems, Foster City, CA,
USA). Identity and purity (>90%) were analyzed by
reversed-phase HPLC and matrix-assisted laser desorp-
tion/ionization/time of flight (MALDI-TOF) mass
spectrometry. Peptides were dissolved in DMSO at
10 mg/ml, further diluted in HyOpigese to a final
concentration of 1 mg/ml, and stored at —20°C. The
following HLA-A*0201-binding peptides were used:
HER-2/neusg9.377 (“E757, KIFGSLAFL); HER-2/
nelgss62  (“GP2”, TISAVVGIL), HER-2/neusgg_797
(CLTSTVQLV) [15, 16], HER-2/H€U1023_1032 (YL-
VPQQGFFL) [48]; HER-2/neussr.761 (VMAGVG-
SPYV) [37], MUC-1950_958 (STAPPVHNV), MUC-1 12-20
(LLLLTVLTYV) [5]; influenza matrix protein flusg g
(GILGFVFTL); flus7¢s (KGILGFVFTLTV) [4]; and
RNA-dependent helicase p68i46.154 (YLLPAIVHI) [50].

The antigen-pulse of T2 cells or tumor cell variants
was performed in serum-free X-Vivo medium (Bio-
Whittaker, Verviers, Belgium) at a peptide concentra-
tion of 5-10 pg/ml for 2 h.
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T-cell cultures

PBMCs were isolated from heparinized blood by Ficoll-
Hypaque (Pharmacia, Uppsala, Sweden) density centri-
fugation, washed twice with PBS, and cryopreserved in
fetal calf serum (FCS), 10% DMSO (all from Invito-
gen). Vials contained 5-10x10° PBMCs/ml and were
frozen gradually to —80°C prior to storage in liquid
nitrogen.

For mixed lymphocyte—tumor cell cultures (MLTCs)
T cells were enriched by plastic adherence followed by
rosetting with sheep erythrocytes. T cells were >90%
CD3", >95% CD2", and <1% CDI14". T cells (10°
were cocultured in 24 wells with y-irradiated (200 Gy),
IFN-y—pretreated KS cells or variants derived thereof
in weekly intervals at a T lymphocyte to tumor cell
ratio of 10:1. T-cell lines were maintained in RPMI
1640 medium supplemented with 10% heat-inactivated
human AB serum (HS; ccPro, Neustadt, Germany),
1% penicillin/streptomycin, and 4 mM L-glutamine (all
from Life Technologies) which contained 30-50 U/ml
IL-2 after the first restimulation. T-cell lines were
analyzed by ELISpot assay or cytotoxic T-cell assay. T-
cell cloning was performed in V-bottomed 96-well
plates by limiting dilution using 5x10* inactivated tu-
mor cells as stimulator cells together with a feeder cell
layer consisting of inactivated 5x10* allogeneic PBMCs
and 3x10* cells of an immortalized B-cell line. Medium
was supplemented with 50-100 U/ml interleukin-2 (IL-
2) and 1 pg/ml phytohemagglutinin (PHA)-L in the
beginning.

Frozen PBMCs of KS24.22-vaccinated patients col-
lected during our clinical study were thawed and seeded
into round-bottomed 96-well plates in RPMI 1640
medium as described above. At a concentration of 1x10°
cells per well, PBMCs were cultured overnight for
reconstitution. PBMCs containing CD8 " effector T cells
as well as subsets of antigen-presenting cells (APCs)
were stimulated directly with peptide antigens added in
final concentrations of 5 pg/ml without the addition of
further cytokines. Presensitized PBMCs were harvested
after 1 week of peptide stimulation and restimulated for
an additional 2 h using peptide-pulsed T2 cells as APCs,
before RNA isolation and further functional analysis by
quantitative RT-PCR [44].

Proliferation assay

For assessment of proliferation, T cells were cultured at
1x10° cells/well in 96-well flat-bottomed microtiter
plates (Nunc, Roskilde, Denmark) together with 1x10*
mitomycin C inactivated stimulator cells as indicated.
Cell cultures were incubated for 5 days and pulsed for
an additional 18 h with 37 kBq of [3H]thymidine
(74.0 GBq/mM; New England Nuclear, Boston, USA)
per well. Thymidine incorporation was determined by
liquid scintillization counting in triplicates and measured
as mean counts per minute (cpm). Stimulator cell

background was subtracted from all values. To facilitate
a comparative analysis of different proliferative activi-
ties, results were expressed as stimulative index (SI),
where SI = T cells stimulated (cpm) divided
by unstimulated T cells (cpm).

Cytotoxic T-cell assay

The cytolytic activity of T-cell lines and clones was tested
in a nonradioactive cytotoxicity assay detecting the re-
lease of lactate dehydrogenase (LDH) (CytoTox 96;
Promega). Briefly, 5-10x10° target cells were plated in V-
bottomed 96-well plates in triplicates. T2 cells were
pulsed before with 10 pg/ml peptide. Varying numbers of
CTLs were added to a final volume of 150 ul and incu-
bated for 4 h at 37°C. Supernatants were harvested and
LDH was quantified by fluorescence measurement.
Spontaneous and maximal LDH release of target cells
alone as well as calculations of specific lysis were deter-
mined according to the manufacturer’s instructions.

For antibody inhibition experiments, target cells were
preincubated for 30 min (4°C) with anti-HLA-A*02
mAb (BB7.2, hybridoma supernatant) or isotype anti-
body (murin IgG; 4F7, kindly provided by C. Sac-
hsenmmaier, Clinic of Tumor Biology, Freiburg,
Germany).

IFN-y enzyme-linked immunospot (ELISpot) assay

Enzyme-linked immunospot assay was carried out as
described before [44]. In brief, multiscreen 96-well
nitrocellulose plates (Millipore, Bedford, MA, USA)
were coated overnight at 4°C with antihuman IFN-y
mAb (1-D1 K, 2 pg/ml; Mabtech, Stockholm, Sweden)
diluted in 0.1 M carbonate-bicarbonate buffer (pH 9.6).
Plates were blocked with RPMI 1640 containing 10%
HS for 2 h at 37°C. Different numbers of T cells
stimulated with KS variants or peptide-pulsed autolo-
gous PBMCs were added to each well and coincubated
with 3.5x10* peptide-pulsed T2 cells for 18 h in RPMI
1640, 10% HS. Background controls were performed
using p68-loaded T2 cells. As positive controls, T cells
were stimulated with anti-CD3/anti-CD28-coated
magnetic beads (Miltenyi, Bergisch-Gladbach, Ger-
many) (data not shown). After incubation, plates were
washed extensively with PBS, 0.05% Tween 20 (Sigma,
Taufkirchen, Germany), and were further incubated
with 100 pl/well anti-IFN-y Ab (7-B6-1-biotin, 0.2 ug/
ml; Mabtech). After incubation for 3 h at room tem-
perature, plates were washed and developed for addi-
tional 2 h with streptavidin-alkaline phosphatase (1 pg/
ml; Mabtech). Spots were visualized by adding the
substrate (5-bromo-4-chloro-3-indolyl-phosphate/nitro-
blue tetrazolium) (Sigma) and counted using an auto-
mated ELISpot reader (Zeiss Vision, Gottingen,
Germany). Numbers of spot-forming T cells in re-
sponse to the control peptide p68 are subtracted from



indicated frequencies of T cells reactive to the antigen
of interest.

Quantification of antigen-induced IFN-y—specific
mRNA by real time (RT) PCR

PBMC:s that experienced a peptide presensitization were
restimulated with 1x10* peptide-loaded T2 cells per well
as described previously [44]. Briefly, after 2 h of resti-
mulation 1-3x10° cells were harvested, lysed in 800 pl
Trizol (Invitrogen), and stored at —80°C. Total RNA
was isolated using Trizol according to the manufac-
turer’s instructions for small cell numbers (Invitrogen).
After extraction, RNA was resuspended in 10 pl
RNAse-free water (Promega). Five microliters of RNA
was reverse transcribed into cDNA using the Omniscript
Kit (Qiagen, Hilden, Germany) and 10 U RNAsin
(Promega) according to manufacturer’s instructions and
stored at —20°C until use. The quantification of IFN-y
gene expression was performed by using the ABI Prism
7700 sequence detection system (PerkinElmer, Foster
City, CA, USA) with probes and primers as described
elsewere [29, 30, 34, 44]. The granzyme B probes and
primers were as follows: 5-TGCAACCAATCCTGCT-
TCTG-3’ (forward), 5-CCGATGATCTCCCCTGCAT-3
(reverse), FAM-TGGCCTTCCTCCTGCTGCCCAG-
TAMRA (probe). Amplification of a CD8 sequence
for normalization was done in separate tubes with
primers and probes as described before [29]. Probes were
labeled at the 5 end with the reporter dye molecule
FAM (6-carboxy-fluorescein; emission Ay, =518 nm),
and at the 3’ end with the quencher dye molecule
TAMRA (6-carboxytetramethyl-rhodamine; emission
Amax = 582 nm).

The qRT-PCR was performed with the TagMan
Universal Master Mix (Applied Biosystems) using 5 pl
of 1:10 diluted cDNA, fluorescence-labeled probe at a
final concentration of 150 nM, and primers at final
concentrations of 400 nM in a reaction volume of 20 pl.
Cycling conditions were as follows: one cycle (50°C,
2 min; 95°C, 10 min) followed by 40 cycles (95°C,
15 sec; 60°C, 1 min). Cycle threshold (CT)-values of
IFN-y and granzyme B were normalized to CT values of
CDS. IFN-y—specific and granzyme B-specific mRNA
expressions were presented as an x-fold increase (stim-
ulation index) in comparison to the p68 stimulations. A
reaction was considered as positive if it was twofold
above the background control (p68 stimulation) plus
two times the standard deviation [44].

Results

The CD80" KS breast cancer cell variant activates
HLA-A*02-restricted CTLs in allogeneous MLTCs

In contrast to the nontransfected parental breast
cancer line KS, its CD80 expressing variant KS24 was
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Table 1 CD8O0 expression by breast cancer cell line KS enhances its
stimulatory capacity

Breast cancer Stimulator cells®

patient

KS KS-mock KS-CD80 LAZ509
BCP1 2.3° 33 78.4 770.0
BCP2 0 0.1 78.4 263.8
BCP3 0.1 0 0.3 1,148.0
BCP4 0.5 0.8 326.8 1,521.6
BCP5 2.9 1.5 73.0 2,376.0
BCP6 1.6 0.7 25.8 58.7
BCP7 0.2 0.1 34.7 231.6
BCPS8 2.0 1.7 84.0 31.0
BCP9 0 1.2 25.0 317.0
BCP10 0.1 0.1 22.0 57.0
BCP11 0.3 2.0 3.0 108.0
BCP12 1.0 0.5 5.0 59.0
BCP13 0.3 1.0 17.0 61.0
BCP14 3.1 2.8 1.5 24.1
BCP15 7.7 6.4 11.1 99.7

4T cells of breast cancer patients were stimulated with the alloge-
neic KS cell line, its CD80-transfected variant, or a mock-trans-
fectant (all IFN-y-pretreated). The allogeneic B-cell line LAZ509
was included as a positive control

®Proliferation of T cells was assessed by [3H]thymidine incorpo-
ration after 5 days of coculture. Proliferation rates were given as
stimulative index (SI). For details see ““‘Material and methods”

previously described to induce strong T-cell prolifera-
tion in allogeneic MLTC of healthy donors. These
studies emphasize the requirement for CD80-mediated
costimulation in the induction phase of an antitumoral
immune response [18, 19]. Using T cells of breast
cancer patients we could confirm these results. Table 1
summarizes examples of 15 patients demonstrating
that CD80" KS transfectants induced a marked T-cell
proliferation in 11/15 cases, in contrast to the
untransfected KS parental line which did not
(Table 1).

To further estimate likely HLA-A*02-restricted
CTL induction in a more clinical situation, T lym-
phocytes from two HLA-A*02" breast cancer patients
(BCP1, BCP2) were further stimulated in long-term
allogeneic MLTCs with the KS24 breast cancer cell
variant. T cell lines generated from both patients
showed strong lysis of KS24 target cells and no nat-
ural killer (NK) cell activity (Fig. 1). Cultures stimu-
lated with unmodified KS cells could not be
propagated, instead the cells gradually died (not
shown). As shown in Fig. 1, HLA-A*02—specific mAbs
inhibit cytolysis of KS24 by >50%. The T-cell line of
patient BCP2 was further subcloned generating the
CTL clone P2 which was clearly HLA-A*02 restricted
as demonstrated by BB7.2-mAb-blocking (Fig. 2a).
Noteworthy is the fact that the CD80~ KS parental
cells were lysed as effectively as its CD80-expressing
variants, indicating that CD80 plays no dominant role
in the effector phase of T-cell activation (Fig. 2a). The
HLA-A*02" colon carcinoma cell line SW480 was not
recognized (Fig. 2b).
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Fig. 1 Induction of HLA-A*02-restricted CTLs by CD80" KS
variant in allogeneic MLTCs. CD8" T lymphocytes of two
different HLA-A*02" breast cancer patients, patients BCPI (a)
and BCP2 (b), were stimulated in an allogeneic MLTCs culture
using IFN-y—pretreated CD80" KS transfectants as stimulator
cells. The generated T-cell lines were tested after four restimulation
cycles in a LDH release assay. Cytolysis was determined on the
NK-sensitive cell line K562 (open squares) and CD80" KS
transfectants, either BB7.2 mAb pretreated (open circles) or not
(filled circles)

The CD80 " KS breast cancer variant activates
peptide-specific T cells following endogeneous antigen
processing

Besides the lack of costimulatory molecules, tumor cells
are often described to have less immunostimulating

Fig. 2 HLA-A*02 restriction A
and lytic profile of KS24.22-

stimulated CTL clone P2. The

CTL clone P2 was generated by 100 1
KS24.22 stimulation as
described in ““Materials and
methods” and tested in a LDH
release assay. a Cytolysis was
determined on the KS24.22
transfectants (HLA-A*02"),
either BB7.2 mAb pretreated
(open circles) or not (filled
circles), on KS24 transfectants
(filled triangles), KS-mock
transfectants (filled diamonds),
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potential because of defects in antigen-processing and
weak HLA expression. The MP of influenza A virus was
used as a surrogate antigen to confirm the antigen-pro-
cessing capacity of KS24 breast cancer cells. KS24 cells
were either exogenously loaded with the HLA-A*02—
restricted peptide MPs; 45 or transfected using an M1-
including expression vector, and subsequently used as
APCs in an HLA-A*02-matched MLTC. After resti-
mulation, MPs;_¢s-specific T cells were quantified in an
IFN-y ELISpot assay. Both, exogenously antigen-load-
ing as well as endogenously antigen-processing of KS24
cells resulted in MPs;_gg-specific T-cell activation. As a
positive control, peptide-pulsed autologous PBMCs
were used as APCs, which stimulated antigen-specific T
cells at a comparable degree (Table 2). As expected, M 1-
transfected tumor cells had less stimulative potency,
probably due to lower HLA /antigen surface density. In
this setting the frequencies of KS24-reactive T cells run
up to >500/10,000.

HLA-A*02-restricted HER-2/neu—specific T cells are
generated in allogeneic MLTCs by using the KS24.22
breast cancer variant

KS cells were demonstrated to express already known
TAAs such as CEA, MUC-1, and MAGE-1, MAGE-2,
MAGE-3 [32]. HER-2/neu was added to this panel
known to elicit HLA-A*02-restricted CTLs in patients
with breast cancers. KS24 cells were transfected using a
HER-2/neu-including expression vector, generating the
KS24.22 cell variant. Its HER-2/neu overexpression was
confirmed by FACS staining in comparison to the well-
characterized HER-2/neu™ breast cancer line SkBr3.A2
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Table 2 Induction of MPs; es-specific T cells by allogeneic KS24 breast cancer cells following exogenous antigen loading or endogenous

antigen processing. NT Not tested

Number of effector cells

Frequencies of MPs;_gs-specific T cells as determined by IFN-y secretion in ELISpot assay®

tested per well

Stimuli®
PBMC/p68 PBMC/MPs7_65 KS24-mock/p68 KS24/MPs7_65 KS24-M1
10,000 0 101 0 76 27
3,000 0 31 0 26 11
1,000 0 12 0 12 5
300 1 5 0 NT 2

T cells of a HLA-A*0201" healthy donor were stimulated weekly
using different stimulator cells. Frequencies of MPs;_gg-specific T
cells were determined by IFN-y ELISpot out of different MLTCs
on day 14 using MPs;es-pulsed T2 cells as targets. T cells
responding to the control peptide p68 are subtracted from T cells
reactive to MPs7.¢g

(Fig. 3). KS24.22 cells were used to stimulate PBMCs of
breast cancer patients in a HLA-A*02-matched MLTC.
The generated T-cell lines were tested for HLA-A*02—
restricted HER-2/neu specificity using peptide-pulsed T2
cells as targets in an IFN-y ELISpot assay. In addition,
patient’s T cells were analyzed directly ex vivo. Table 3
summerizes the data of a representative patient. In
contrast to MPsg_¢¢-specific T cells, HER-2/neu—specific
T cells could not be detected without antigen presensi-
tization in vitro. After three rounds of stimulation in
MLTCs, T cells with specificity against two of three
tested HLA-A*02-restricted HER-2/neu epitopes could
be quantified at evident low frequencies (40-72/500,000).
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Fig. 3 HER-2/neu overexpression of KS24.22 transfectant. HER-
2/neu-specific immunofluorescence of HER-2/neu-transfected
KS24.22 cells, together with nontransfected parental cell KS. The
SkBr3.A2 breast cancer cell line, which expresses constitutively
high levels of HER-2/neu, was included as a positive control.

°T cells were stimulated respectively, with unpulsed and MPs;_g5-
pulsed autologous PBMCs, unpulsed and MPs;_gg-pulsed IFN-y—
pretreated KS24 cells (mock transfectants), and IFN-y—pretreated
KS24 cells transfected with M1

As expected, higher frequencies of MPsg. g6-specific T
cells could be detected ex vivo as well as after stimula-
tion by MPsg ¢s-loaded KS24.22 (Table 3). They could
be expanded under these conditions, yielding a sub-
stantial number of MPsg_¢6-specific T cells on day 28.

HLA-A*02-restricted HER-2/neu—specific CTLs
could be detected in breast cancer patients following
vaccination with the KS24.22 variant

Having confirmed the antigen-processing and antigen-
presenting capacity of KS24.22 cells as well as their
T-cell stimulating potential, we employed this cell line as
a therapeutic vaccine in a clinical phase I/II trial. So far,
10 of 15 planned patients with metastatic breast cancer
(stage IV) and no other therapeutical options were in-
cluded in this study. In the context of our correlative
scientific programm, we intended to analyze the induc-
tion of HLA-A*02-restricted TAA-specific T cells in the
presence of an alloresponse toward the KS24.22 vaccine.
As a prove of principle, we would like to submit the data
of two patients showing HER-2/neu-specific T-cell
reactions after one KS24.22 vaccination (patient A) or
seven (patient B). Using quantitative real-time (qRT)-
PCR we measured antigen-dependent IFN-y release of
CDS8" T cells using either KS24.22 or a cocktail of
HLA-A*02-restricted HER-2/neu epitopes as stimulus
(Fig. 4a). As expected, we observed an increase of
KS24.22-related T-cell responses postvaccination
(fourfold and tenfold, respectively). More interestingly,
HER-2/neu-specific T-cell responses increased as well
postvaccination (12-fold and fivefold). The HLA-A*02—
restricted HER-2/neu—specific T-cell responses figured in
up to 15% and 8% of the KS24.22-related T-cell
responses, which include allospecific reactions (Fig. 4a).
To analyze a functional marker more related to lytic
capacity, we included granzyme B in our investigation
(Fig. 4b). At least for patient B, a clear HER-2/neu-
induced granzyme B expression could be detected.



136

Table 3 Induction of HLA-A*02-restricted, HER-2/neu—specific T cells by allogeneic KS24.22 breast cancer cells in vitro

Stimulus in MLTC Target antigen

Frequencies of IFN-y—secreting T cells in 100,000 or 500,000 effector

in ELISpot cells®
Day 28 Day 14 Day 0 (ex vivo)
KS24.22/MPsg 46 MPsg .6 1,800/100,000° 700/100,000 56/100,000
KS24.22 HER-2/neuse9.377 0/500,000 0/500,000 0/500,000
KS24.22 HER-2/neugs_662 40/500,000 0/500,000 0/500,000
KS24.22 HER-2/neu;(23.1032 72/500,000 0/500,000 0/500,000

T cells of a HLA-A*0201 " breast cancer patient were stimulated
weekly using either unpulsed or MPsg ¢¢-pulsed IFN-y—pretreated
KS24.22 cells. Frequencies of MPsg_g6-specific or HER-2/neu—spe-
cific T cells were determined by IFN-y ELISpot ex vivo (without
stimulation), on day 14, and day 28 (T cells in different MLTC)

Discussion

The prognosis for breast cancer patients has been
improved by the use of postoperative systemic therapy;
however, despite radiation, chemotherapy, and the use
of antiestrogens, up to 50% of patients with nonmeta-
static breast cancer at diagnosis will relapse, and as
many as 30% will die from metastatic disease [53]. Thus,
treatment failure and adverse events associated with
current adjuvant approaches have led to the search for
complementary systemic strategies with improved effi-
cacy and decreased toxicity. More recently, attempts
have been made to activate the patient’s own immune
system by the stimulation of TAA-specific CTLs and
memory T cells in order to eliminate already existing
micrometastases and prevent the formation of new
metastases.

The generation of cell-mediated antitumor responses
requires the activation of antigen-specific CD4" and
CD8" T cells. For breast cancer, a small panel of anti-
gens is characterized including overexpressed TAAs such
as MUC-1, CEA, and HER-2/neu, as well as cancer-
testis antigens such as NY-ESO-1 and members of the
MAGE family [26]. Several groups have compared
peptide-based cancer vaccines with cellular immuniza-
tion protocols: In a murine melanoma model it was
shown that combinations of immunodominant mela-
noma-associated antigens were less potent in inducing
systemic antitumor immunity than IL-2-secreting or
GM-CSF-secreting tumor vaccines [51]. In a study by
Zaks and Rosenberg, ovarian carcinoma patients were
vaccinated with HER-2/neu peptides. Postvaccination
CTLs could recognize peptide-pulsed targets but failed
to lyse HER-2/neu—overexpressing tumors [58]. So, it
was speculated that vaccinating with tumor cells could
induce T cells of higher avidity able to recognize
endogenously processed peptides and subsequently lyse
tumor cells. In addition, the rationale of using whole
tumor cell vaccines instead of a few defined peptides is
that they provide a more comprehensive antigen reper-
toire allowing a “multi-epitop” vaccination. However,
optimal activation of TAA-specific T cells requires both
the interaction between T-cell receptors plus HLA /pep-

Antigen-specificity was determined using T2 cells loaded with
HLA-A*0201-restricted epitopes of either MP or HER-2/neu

“Number of antigen-specific T cells per 100,000 and 500,000 plated
effector cells, respectively. T cells responding to the control peptide
p68 are subtracted from T cells reactive to the antigens of interest

tide complexes and so-called costimulatory signals.
These are often provided by members of the B7 family
found on professional APCs but not on tumors [7, 55].
Current strategies designed to improve the immunoge-
nicity of tumor cells by inserting genes that encode for
costimulatory molecules or cytokines can be performed
more easily with allogeneic tumor cell lines [38].

We improved the antigenicity as well as the immu-
nogenicity of a breast cancer cell line by transfecting
genes encoding the TAA HER-2/neu and the costimu-
latory molecule CD80. We have shown previously that
in contrast to the nontransfected parental breast cancer
line KS, its CD80-expressing variants induced strong T-
cell proliferation in allogeneic MLTC. Moreover, CD80-
transfected KS cells promoted the expansion of MHC
class I-restricted CD8" T-cell lines with cytolytic
activity against unmodified tumor cells [18, 19, 38, 39].
Furthermore, nonfunctional mass spectrometry—based
methods supported their antigen-processing capacity by
identifying an endogenously processed MAGE-1 epitope
(KVLEYVIKYV) in the pool of HLA-A*02 ligands of the
KS cell line. Moreover, MAGE-1-specific CTL lines
generated in HLA-A*02—transgeneic mice were able to
lyse KS target cells indicating their stimulative capacity
in the effector phase of T cells [41].

The results presented in this paper were chosen to
demonstrate the possible activation of TAA-specific
HLA-restricted T cells by CD80" KS cells in an allo-
geneic setting—in vitro as well as in a clinical situation
following vaccination. By first analyzing the stimulator
phase of T-cell activation, we showed in this investiga-
tion that HLA-A*02—matched T cells of breast cancer
patients could be primed by KS24.22 and maintained as
T-cell lines which recognized the wild-type KS as well as
the genetically modified variants derived thereof. Part of
this lysis could be blocked by the mAb BB7.2, demon-
strating the induction of HLA-A*02-restricted T cells as
already demonstrated for T cells of healthy donors [18].
From these allogeneic MLTCs a HLA-A*(02-restricted
T-cell clone derived that was able to lyse HLA-A*02"
breast cancer cell lines but no HLA-A*02" colon cancer
cell line. However, previous work demonstrated that
SW480 cells showed HLA-A*02 expression densities
comparable to the breast cancer cell lines and could be
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Fig. 4 Induction of HLA-A*(2-restricted, HER-2/neu— specn‘ic T
cells by KS24.22 cell line following vaccination. PBMCs (3x10°) of
breast cancer patients prior to vaccination (shaded column) or post
KS24.22 vaccination (solid column) were cocultured with a mixture
of four HLA-A*02-restricted HER-2/neu peptides, two HLA-
A*02-restricted MUC-1 peptides, or p68 peptide as negative
control (each 5 pg/ml). PBMCs were tested for IFN-y—specific (a)
or granzyme B-specific (bh) mRNA by qRT-PCR after peptide
presensitization for 7 days followed by an additional 2-h restimu-
lation with 3x10* peptide-loaded T2 cells (for details, see “Material
and methods”). IFN-y—specific and granzyme B-specific mRNA
expressions were normalized to CD8 expressions and shown as an
x-fold increase (stimulation index) in comparison to the p68
stimulations. A reaction was considered positive if it was twofold
above the background control (set as 1 for p68 stimulation) plus
two times the standard deviation. Patient A: HLA-A*0201, 23x;
HLA-B*40x, 44x; HLA-DRB1*0404, 07011; HLA-DQBI1*0302,

02x. Patient B: HLA-A*0201, 24x; HLA-B*07x, x; HLA-
DRBI1*04011, 15011; HLA-DQB1*0302, 0602
killed by HLA-restricted T-cell lines [21, 36]. These

results indicate that CTLs, able to recognize nonallog-
eneic ligands on the KS cells, develop after long-term
stimulation despite the induction of broad allogeneic
responses. To look for antigen specificity, we initially
used a defined viral antigen—the influenza A MP and
HLA-A*02-restricted peptides derived thereof—serving
as a surrogate TAA. This had the advantage of a higher
memory T-cell frequency which could be expected and
could probably be quantified by the ELISpot technique.
Flu peptide-loaded autologous PBMCs, as well as anti-
gen-pulsed allogeneic CD80™ KS variants, were able to
stimulate flu-specific T cells at comparable frequencies.
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More importantly, endogenous expression of the viral
M1 by the tumor cell variant following stable transfec-
tion resulted in the induction of MPs;_gg-specific T cells
as well, alongside the induction of alloresponses. Since
the M1 antigen represents a transgeneic foreign protein
that is highly visible to the immune system, it was
speculated that alloreactive CTLs did not overcome the
response. Therefore, using the TAA HER-2/neu we ex-
tended our observations by demonstrating that even
naturally expressed ligands of tumors can induce specific
T cells in vitro. We chose HER-2/neu because by ana-
lyzing preexistent cellular immune responses to fre-
quently expressed breast cancer—associated antigens we
recently demonstrated that approximately 19% of the
patients showed CD8" T-cell reactions specific for
HER-2/neu epitopes, wheras none of the investigated
healthy donors did, probably due to lower precursor
frequencies [44]. Patients’ PBMCs were analyzed fol-
lowing 1 week of in vitro peptide presensitization using
autologous APCs, revealing a frequency of approxi-
mately 40-100/50,000 HER-2/neu-specific T cells by
ELISpot [44]. Here, using HER-2/neu—overexpressing
CDS80 " KS variants as allogeneic but HLA-A*02-mat-
ched APCs, we detected HER-2/neu—specific T cells
alongside KS24.22-reactive T cells; however, these
appeared at lower frequencies and not before 3 weeks of
in vitro presensitization.

Other groups have previously analyzed CD80-
modified tumor cells for their capacity to induce spe-
cific CTL responses in HLA-matched MLTCs as well
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[9, 14, 25, 31, 39, 49, 51]. However, they often used
culture conditions that did not support the induction
of an alloresponse, such as applying purified CD8" T
cells or analyzing limiting dilution cultures. By doing
so, the induction of melanocyte-specific or HPV 16-
specific T cells, using allogeneic CD80-modified mela-
noma or cervical cancer cell lines, respectively, was
possible [14, 25, 31]. Taken together, these conditions
did not reflect the clinical situation of administering
allogeneic tumor cells as vaccine in vivo. Recent results
of Schendel et al. [49] have clearly supported our data
demonstrating the expansion of TAA-associated CTLs
by a CD80-modified renal cell carcinoma (RCC) line.
In contrast to our study and not knowing RCC-asso-
ciated TAAs, they used T-cell receptor analysis (CDR3
amino acid sequences of Vo chains) instead of HLA-
restricted peptides to confirm CTL specificity [49].

Our characterization of KS24.22 cells clearly shows
its functional integrity in antigen processing and HLA-
restricted presentation, as well as its potential to stim-
ulate antigen-specific effector T cells in HLA-matched
situations. Induction of complex allospecific responses
did not impair the development of antigen-specific CTLs
in vitro and might act as a nonspecific adjuvant in vivo
[33, 39, 42]. These results formed the basis for a clinical
trial where KS24.22 is used as a cellular vaccine in
patients with metastatic breast cancer. The primary
objectives of this phase I/II study were toxicity and
feasibility. To analyze vaccine-induced immune
responses, T cells will be evaluated using a combination
of molecular and cellular immunodiagnostic tests [20].
KS24.22-responding T cells as well as T cells specific for
HLA-A*02-restricted TAA epitopes probably expressed
by the vaccine cells were detected by quantifying anti-
gen-induced IFN-y mRNA. As a proof of principle, we
first of all present data from two patients with stable
disease undergoing KS24.22 vaccination, developing
HLA-A*02-restricted, HER-2/neu-specific CD8" T
cells alongside KS24.22-related alloresponses. Further-
more, we could also demonstrate the induction of
granzyme B as a functional parameter for their lytic
capacity. To our knowledge, our study is the first pre-
sentation of TAA-specific T-cell induction using a
CD80-modified allogeneic breast cancer cell in vitro as
well as in a clinical setting.

Older studies using unmodified allogeneic breast
cancer cell lines together with adjuvants such as BCG,
IL-2, or low-dose GM-CSF did not report on analyses
of specific T-cell responses (reviewed in [11, 17, 57]).
Applying MCF-7, a well-characterized breast cancer
line expressing several TAAs, one group could dem-
onstrate an increase of proliferative responses of the
patients’ PBMCs to the autologous tumor and tumor
markers such as CA15-2, CEA, and CA125. Surpris-
ingly, no significant reactions toward the allogenous
vaccine cells could be shown [27]. Dols et al. [12, 13]
vaccinated 30 HLA-A*02" breast cancer patients with
a CD80-modified MB-231 breast cancer cell line to-
gether with BCG or GM-CSF. Their immunodiagnos-

tic program was focused on the analysis of
prevaccination and postvaccination sera, where they
could detect vaccine-induced antibodies toward HER-
2/neu (8/24 cases), MUC-1 (4/24), and p53 (1/24) [13].
Quantifying vaccine-induced cytokine induction using
the ELISA technique, they found an IFN-y increase in
postvaccination PBMCs in a minority of patients [12].
Besides our own study, HLA-restricted TAA-specific
responses were analyzed in two studies with melanoma
patients. Malignant melanoma is the tumor were the
greatest experience in administering allogeneic tumor
vaccines has been gained. Using genetically modified
melanoma cell lines secreting either IL-2 or IL-4, a
minority of patients exhibited postvaccination T-cell
responses toward tyrosinaseseg.37¢ and gpl00sg9.085 [1,
40].

In whole cell vaccine trials, monitoring is particularly
challenging because of strong alloresponses and limited
knowledge of TAAs. We demonstrated the potential of
allogeneic KS24.22 breast carcinoma variants to induce
TAA-specific CD8 " T cells in parallel with the develop-
ment of alloreactivity in vitro and in vivo following vac-
cination. Here, the qRT-PCR method proved to be highly
sensitive and can be used to perform an “immunological
staging”” under vaccination. However, to date we can not
comment on the correlation of the clinical outcome and
immune response of our yet open clinical trial.
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