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Abstract Expression of the cancer-testis antigen Taxol
resistance—associated gene-3 (TRAG-3) protein is asso-
ciated with acquired paclitaxel (Taxol) resistance, and is
expressed in various cancer types; e.g., breast cancer,
leukemia, and melanoma. Thus, TRAG-3 represents an
attractive target for immunotherapy of cancer. To
identify HLA-A*02.01-restricted epitopes from TRAG-
3, we screened cancer patients for spontaneous cytotoxic
T-cell responses against TRAG-3—derived peptides. The
TRAG-3 protein sequence was screened for 9mer and
10mer peptides possessing HLA-A*02.01-binding mo-
tifs. Of 12 potential binders, 9 peptides were indeed
capable of binding to the HLA-A*02.01 molecule, with
binding affinities ranging from strong to weak binders.
Subsequently, lymphocytes from cancer patients (9
breast cancer patients, 12 melanoma patients, and 13
patients with hematopoietic malignancies) were analyzed
for spontaneous reactivity against the panel of peptides
by ELISpot assay. Spontaneous immune responses were
detected against 8 epitope candidates in 7 of 9 breast
cancer patients, 7 of 12 melanoma patients, and 5 of 13
patients with hematopoictic malignancies. In several
cases, TRAG-3-specific CTL responses were scattered
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over several epitopes. Hence, no immunodominance of
any single peptide was observed. Furthermore, single-
peptide responses were detected in 2 of 12 healthy HLA-
A2" donors, but no responses were detectable in 9
HLA-A2" healthy donors or 4 HLA-A2™ melanoma
patients. The identified HLA-A*02.01-restricted
TRAG-3—derived epitopes are targets for spontaneous
immune responses in breast cancer, hematopoietic can-
cer, and melanoma patients. Hence, these epitopes rep-
resent potential target structures for future therapeutic
vaccinations against cancer, possibly appropriate for
strategies that combine vaccination and chemotherapy;
i.e., paclitaxel treatment.

Keywords Cancer-testis antigen - Chemotherapy -
Peptide - Tumor-associated antigen - Tumor-specfic
T cell

Introduction

The major component of antitumor immune responses,
the cytotoxic T cell (CTL), is capable of direct lysis of
tumor cells, in addition to secretion of cytokines with
secondary antitumor effects, such as IL-2, TNF-a, GM-
CSF, and IFN-y [31]. Hence, treatment of cancers by
induction of specific antitumor CTLs represents an
appealing therapeutic concept; especially since conven-
tional treatment of metastatic disease rarely produces
durable responses [52]. Moreover, the last decade has
revealed considerable advances in understanding of the
molecular and cellular mechanisms involved in initiating
and sustaining of cellular immune responses [45]. This
implies that immunotherapeutic intervention of cancer is
now manageable through the specific targeting of pep-
tides expressed by cancer cells in the context of HLA
molecules. Although several hurdles need to be over-
come, this strategy holds promise for improving the
clinical outcome for cancer patients [32]. Compared with
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more nonspecific modulators of cellular immune re-
sponses—e.g., administration of cytokines—the specific
targeting of tumor-associated antigens (TAAs) necessi-
tates the identification and characterization of antigenic
peptides from those TAAs [51].

Cancer-testis (CT) antigens are a group of proteins
expressed in male germline cells and certain tumor types,
but not, or at least 1,000-fold less, in other healthy tis-
sues [22, 43]. Because of the blood-testis barrier and the
immune-privileged status of germline cells, these anti-
gens can be considered functionally tumor-specific, and
hence, represent attractive targets for immunotherapy
[51, 55]. The main additional characteristics of this
group are mapping to the X chromosome, the presence
of multigene families, and immunogenicity in cancer
patients [11]. Subsequent studies have identified addi-
tional characteristics, like heterogeneous antigen
expression in cancer, and association with tumor pro-
gression and the metastatic potential of cancer cells, but
also exceptions to all of these characteristics [6, 42, 51].
The function of the CT antigens is not fully known, and
so far the cellular role has only been elucidated for a few
of these proteins [42].

Identification of CT antigens has been achieved in
several ways [55]. The Taxol resistance—associated gene-
3 (TRAG-3) was identified by comparing mRNA
expression profiles of the Taxol-sensitive ovarian cancer
line SKOV3, to a Taxol-resistant daughter line [14, 16].
Thus, TRAG-3 was identified as a transcript associated
with paclitaxel (Taxol) resistance in cancer. Although
there is no evidence for a direct role in the acquisition of
paclitaxel resistance, TRAG-3 and the splice variant
TRAG-3L are expressed in cancers of the colon, CNS,
ovary, kidney, prostate, and breast, as well as non—small
cell lung cancers, melanomas, and leukemias, but not in
normal, nontestis tissue [9, 14, 16]. The broad expression
among tumors suggests that exposure to paclitaxel is not
a requisite for TRAG-3 expression, but probably that
the expression frequencies increase with tumor progres-
sion as observed with other CT antigens [7].

Numerous TAAs have been characterized, and T-cell
peptide epitopes identified [36]. Some of these peptides
have been used in peptide-based vaccination trials, in
particular peptides derived from melanocyte differenti-
ation antigens in vaccinations against melanoma, in
some cases demonstrating remarkable response rates
[30, 40]. However, these antigens are not broadly
applicable in cancer immunotherapy. CT antigens are
more broadly expressed among cancers, and therapeutic
vaccination against cancer with CT-derived peptides
have been shown to induce clinically relevant antitumor
responses [18, 23, 28, 29, 37]. Hence, immunization with
T-cell epitopes from the TRAG-3 protein might be
beneficial, and could potentially be successfully com-
bined with chemotherapy, i.e., paclitaxel treatment.

The first human tumor antigen recognized by CTLs,
the MAGE-3/HLA-A1 peptide, was discovered by
cloning the epitope recognized by autologous CTLs [50].
A different approach was recently undertaken in the
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Fig. 1a—f Overview of ELISpot results. PBLs from 12 healthy
HLA-A*02.01-positive donors (a), 9 healthy HLA-A*02.01-nega-
tive donors (b), 4 HLA-A*02.01-negative melanoma patients (c), 9
HLA-A*02.01-positive breast cancer patients (d), 13 HLA-
A*02.01-positive patients with hematopoietic malignancies (e),
and 12 HLA-A*02.01-positive melanoma patients (f) were tested
for spontaneous immune responses against the panel of TRAG-3—
derived peptides capable of binding to HLA-A*02.01 molecules

study of Zhu et al. [56] describing the characterization of
a TRAG-3-derived peptide by means of establishing
specific CTLs by repeated in vitro peptide stimulation.

In the present study, we used the principles of reverse
immunology [46] for an extensive study of the immu-
nogenicity of the TRAG-3 protein. We present data
demonstrating spontaneous CTL responses against eight
HLA-A*0201-restricted TRAG-3-derived peptides in
cancer patients. Spontaneous responses were detected in
patients with breast cancer, melanoma, as well as
hematopoietic malignancies. Our data suggests that
TRAG-3—derived peptides are widely applicable in
therapeutic vaccinations against cancer.

Materials and methods
Patients

Blood and tumor biopsies from melanoma and breast
cancer patients as well as from patients with hemato-
poietic malignancies were included. The Danish Ethical
Committee approved the protocol, and all patients
provided informed consent to participate and donate
blood and biopsy material. Serological HLA typing re-
vealed that 9 breast cancer patients, 13 melanoma pa-
tients, and 12 patients with hematopoietic malignancies
were HLA-A2-positive and these were included in the
present study. None of the patients received immuno-
therapy prior to sampling of blood and/or biopsies.

As negative controls, 12 healthy HLA-A2-positive
donors, 9 healthy HLA-A2-negative donors, and 4
HLA-A2-negative melanoma patients were included in
the study.

Peptides and cell lines

Twelve synthetic 9mer and 10mer peptides were pro-
duced by Invitrogen, Taastrup, Denmark. Two of the
peptides addressed the insert region in the splice variant
TRAG-3L [16], either completely (T_L95) or partially
(T_L102). The peptide denoted T_4 along with the three
control peptides (EBV BMLF1,59.547, Flu Matrixsg_gg,
and HIV-1 pols76.454) were dissolved in DMSO (final
concentration 10 mg/ml); all other peptides were dis-
solved in distilled water (final concentration 2 mg/ml).
The transporter associated with antigen processing
(TAP) deficient cell line (T2 cells) used in this study is
derived from a hybrid of the B-LCL.174 and T.LCL
CEM (116) cell lines, and hence is a hybrid of a B-cell
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line and a T-cell line with immortal properties. The T2
cell line was maintained in RPMI 1640 (GibcoBRL, Life
Technologies, Roskilde, Denmark) with 10% FCS.

MHC class I peptide—binding assay

TAP-deficient T2 cells (5x10° cells/sample) were incu-
bated 45 min at 37°C, 5% CO, in methionine-free
RPMI 1640 (GibcoBRL) with 10% FCS. Subse-
quently, cells were labeled by addition of 50 uCi*®

S-methionine per sample. After a 30-min incubation
step, cells were lysed in 500 pl ice-cold lysis buffer in
the presence of protease inhibitors and peptide in
varying concentrations (20-0.02 uM). Cell nuclei were
pelleted by ultracentrifugation, and the samples were
precleared by addition of Pansorbin (Calbiochem,
Nottingham, UK), and left on rotation overnight.
After centrifugation, the supernatant was isolated, and
antibody (W6/32) for immunoprecipitation of the
HLA-peptide complex was added. A-Sepharose beads
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were added to collect the foldled MHC complexes at-
tached by the antibodies, and subsequently, the beads
were washed four times in lysis buffer, pelleted, and
run on iso-electric focusing (IEF) gels. After electro-
phoresis, gels were exposed to Phosphorlmager
screens, and peptide binding was quantitated using the
Imagequant Phosphorlmager program (Molecular
Dynamics, Sunnyvale, Calif., USA).

Antigen stimulation of peripheral blood lymphocytes
(PBLs)

To extend the sensitivity of the ELISpot assay, PBLs
were stimulated once in vitro prior to analysis [33, 34].
At day 0, PBLs or biopsy samples were thawed and
plated in 2 ml/well at a concentration of 2x10° cells in
24-well plates (Nunc, Denmark) in X-Vivo medium
(BioWhittaker, Walkersville, Md., USA), 5% heat-
inactivated human serum in the presence of 10 uM of
peptide. Two days later, 20 IU/ml recombinant inter-
leukin 2 (IL-2) (Chiron, Ratingen, Germany) was added
to the cultures. The cultured cells were tested for reac-
tivity by ELISpot on day 10.

ELISpot assay

Ninety-six-well nitrocellulose plates (Multiscreen MAIP
N45; Millipore, Hedehusene, Denmark) were coated
with 7.5 pg/ml mouse anti-IFN-y monoclonal antibody
(1-D1k; Mabtech, Nacka, Sweden) in 75 ul PBS over-
night at room temperature. After washing several times
and blocking with 200 pul X-Vivo media (BioWhittaker,
Walkersville, Md., USA), 10* T2 cells (unpulsed or
pulsed with 1 pg peptide) and lymphocytes in three dif-
ferent concentrations (10°, 3x10%, and 10 cells per well)
were added to each well. After incubation overnight, the
plates were washed 6 times, and biotinylated secondary
anti-IFN-y antibody (7-B6-Biotin; Mabtech) was added.
After a 2-h incubation step, the plates were washed 6
times and avidin-enzyme conjugate (Life Technologies)
was added to each well. After 1 h incubation at RT, the
plates were washed 6 times, and enzyme substrate
(DAKOcytomation; DAKO, Carpinteria, Calif., USA)
was added to each well, and incubated for 5-10 min at
RT. When dark purple spots emerged, the reaction was
terminated by washing with tap water. Spots were
quantitated using a computerized ELISpot counter
(Immunospot; CTL, Calif., USA). Responses were de-
fined as average number of antigen-specific spots + 1/2
standard deviation >25 per 10° lymphocytes.

Results
Binding of TRAG-3—derived peptides to HLA-A2

The amino acid sequences of the TRAG-3 and the splice
variant TRAG-3L proteins were screened for the most

probable HLA-A*02.01 9mer and 10mer peptide epi-
topes, using the main HLA-specific anchor residues [2,
35]. Ten TRAG-3 and two TRAG-3L deduced peptides
were synthesized and examined for binding to HLA-
A*02.01 by comparison with the high-affinity positive
control epitope from HIV-1 polys6.434 (ILKEPVHGYV)
in the assembly assay. This assay measures the ability of
any given peptide to bind to the MHC molecule, taking
advantage of metabolically labeled **S-methionine, en-
abling a measure of increased stability of MHC class |
molecules upon binding of a peptide. In short, TAP-
deficient cell line T2 was loaded with peptide, where-
upon correctly folded, stable MHC heavy chains were
immunoprecipitated using a conformation-dependent
antibody [3]. After separation by IEF electrophoresis,
gels where exposed, and correctly folded MHC mole-
cules were quantitated. The extent of stabilization of
class I MHC molecules is directly related to the binding
affinity of the added peptide. The peptide concentration
required for half maximal recovery of class I MHC
molecules (Cso value) was 0.2 uM for the HIV-1 poly7e.
484 (Table 1). Three TRAG peptides bound with high
affinity similar to the positive control: T_4, T_45, and
T 58 (C50=0.3, 0.7, and 0.7 uM, respectively). The
peptides T _57.10, T_59, and T_L102 bound with inter-
mediate affinity (Cso=35, 5, and 16 uM, respectively),
and T_29, T_37.9, and T_57.9 bound only weakly to
HLA-A2 (Cs5o> 100 uM). The remaining three peptides
had HLA-A*0201 affinities below the detection limit of
the assay (not binding, NB).

Identification of spontaneous CTL responses in cancer
patients

We analyzed the T-cell responses in 9 breast cancer
patients, 12 melanoma patients, and 13 patients with
hematopoietic malignancies, against the panel of
TRAG-3—derived peptides capable of binding to the

Table 1 Overview of the peptides included in the study

Designation Sequence Cso/ptM
T 4 GLIQLVEGV 0.3

T 29 NIKMHCEFHA >100
T 37.9 HACWPAFTV >100
T_37.10 HACWPAFTVL NB

T 45 VLGEAWRDQV 0.7
T_57.9 SILLRDAGL >100
T_57.10 SILLRDAGLV 35

T 58 ILLRDAGLV 0.7
T_59 LLRDAGLVKM 5

T 92 QLGREKGPI NB

T _L95 PLNPGPEAL NB
T_L102 ALSKFPRQL 16
EBV BMLF1559.567 GLCTLVAML 0.7
Flu Matrix58_(,6 GILGFVFTL 0.3
HIV-1 P01476-484 ILKEPVHGV 0.2

% The Cs, value is the concentration at which half of the available
HLA molecules are stabilized by the peptide, and hence, low Cs,
values indicate strong HLA binders



HLA-A*0201 molecule (Fig. 1). This was carried out
using the ELISpot assay [4].

In PBLs from breast cancer patients, spontaneous
immune responses were detected against one or several
peptides in seven of nine patients (78%) (Fig. 2). In this
group, the majority of responses were directed against
T_37.9, T_4, and T_57.10. However, single immune re-
sponses were detected against T 29, T 45, T_58, and
T _L102, the last overlapping the insert region of the
splice variant TRAG-3L. Furthermore, the PBLs from
this group were tested against the irrelevant peptide
HIV-1 pols76.434. Data from these experiments showed
highly comparable results when testing unpulsed T2 cells
versus T2 cells pulsed with HIV-1 poly76.454, €ven after a
10-day stimulation of the PBLs with the HIV-1 pol7¢6.454
peptide (data not shown).

In patients with various hematopoietic malignancies,
immune responses against TRAG-3—-derived peptides
were detected in 5 of the 13 patients examined (38%)
(Fig. 3). In this group, immune responses against T 4
and T 58 tended to be slightly dominating, with dis-
persed responses against T_29, T 379, T 57.9, T_57.10,
and T_L102. Notably, no responses against the strong
binder T_45 were observed in this group. The lympho-
cytes in this group originated from blood samples from
patients with chronic lymphatic leukemia (CLL), lym-
phoma (LYM), or multiple myeloma (MM). The
responding samples originated from one CLL, two

Fig. 2 Spontaneous immune responses against TRAG-3—derived
peptides in HLA-A2-positive breast cancer patients. Responses
were detected by ELISpot, measuring IFN-y secretion by T cells.
Peptide-specific spontaneous responses were measured twice in
triplicates. Columns represent the number of antigen-specific spots
formed per 10° T cells; bars indicate SD. Dark columns indicate
spontaneous responses (defined as antigen-specific spots = 1/2
SD >25 spots per 10° cells)
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LYM, and two MM patients. The nonresponding lym-
phocytes originated from two CLL, three LYM, and
three MM patients. Due to limited patient material
available from the melanoma patients and those suffer-
ing from hematological malignancies, it was not possible
to analyze for reactivity against the full panel of HLA-
A*02.01-binding peptides in these patients.

In melanoma patients, TRAG-3—specific immune re-
sponses were detected in 7 of 12 patients (58%) (Fig. 4).
The immune responses against the strong binders T_4
and T_45 were prominent in this group, with dispersed
responses against T 29, T _37.9, T 579, T_57.10, and
T _L102. The responding melanoma patient material
originated from tumor-infiltration lymphocytes (TILs)
from one subcutaneous metastasis and one lymph node
metastasis, in addition to PBLs. The nonresponding
lymphocytes were TILs from two lymph node metasta-
ses, a subcutaneous metastasis, and a primary tumor, in
addition to PBLs from a blood sample.

Identification of spontaneous CTL responses
in control samples

To verify that the observed spontaneous TRAG-3-spe-
cific responses found in cancer patients were related to
tumorigenesis and expression of HLA-A2 molecules, we
included lymphocytes from healthy donors and HLA-
A2-negative cancer patients. Thus, PBLs from 12 HLA-
A2-positive healthy donors, 9 healthy HLA-A2-negative
donors, and 4 HLA-A2-negative melanoma patients
were tested using ELISpot, for spontaneous TRAG-3
reactivity against the full panel of HLA-A2-binding
peptides, under the same conditions as described above.
Neither the HLA-A2-negative healthy donor PBLs nor
the HLA-A2-negative melanoma patient PBLs elicited
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any measurable TRAG-3 reactivity. However, 2 of 12 T 45 (38 + 7 specific spots per 10 cells; calculated as in
donors (17%) in the group of HLA-A2-positive healthy Figs. 2, 3, and 4) and T_57.10 (94 £ 13 specific spots
donors displayed TRAG-3-specific responses against per 10° cells), respectively.

Fig. 3 Spontaneous immune
responses against TRAG-3—
derived peptides in HLA-A2-
positive hematopoietic patients.
Responses were detected by
ELISpot, measuring IFN-y
secretion by T cells. Due to
limited patient material, it was
not possible to analyze for
reactivity against the full panel
of peptides in all patients.
Columns represent the number
of ant1§gen specific spots formed
per 10° T cells. Dark columns
indicate spontaneous responses
(defined as antigen specific
spots + 1/2 SD >25 spots per
10° cells); bars indicate SD. CLL
chronic lymphatic leukemia,
MM multiple myeloma, LYM
lymphoma
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Furthermore, the HLA-A2-positive healthy donors
were used as positive controls for the ELISpot assay by
testing PBMCs stimulated with the EBV BMLF1,59.5¢7
and the Flu Matrixsg_gs peptides. This resulted in strong,
highly significant responses for all donors against the
EBV BMLF1,59.567 peptide in addition to similar re-
sponses for the majority of the donors against the Flu
Matrixsg.g6 peptide (data not shown).

Discussion

Since the first human T-cell epitope derived from a TAA
was described in melanoma more than a decade ago [50],
numerous antigens expressed by melanoma cells have
been identified and molecularly characterized [36].
Moreover, during the past few years T-cell antigens have
been characterized in several other neoplasms, leading to
the notion that host T cells in general have the capacity
to recognize cancer cells [1, 19]. Together with advances
in the identification and characterization of the cells and
molecules involved in the initiation and sustaining of
cellular immune responses [17], this has provided scien-
tists and clinicians with sophisticated tools for immu-
nological targeting of cancer cells.

Characterization of TAA-derived CTL epitopes is
essential to allow active specific immunization of cancer
patients. In the absence of well-defined tumor-reactive
T-cell clones, reverse immunology has been used by
many investigators to identify novel tumor-associated
antigens [38, 46, 51]. In the present study, we employed
this technique to identify TRAG-3-derived CTL epi-
topes capable of binding to the HLA-A*02.01, leading
to the characterization of nine such peptides binding
with variable affinities to the class I molecule.

Several methods are available for monitoring of
antitumor CTL responses, however, due to its high
throughput and sensitivity, the ELISpot assay represents
the method of choice in many laboratories [54]. Using
this approach, responses were detected against eight of
the nine peptides capable of binding to the HLA mole-
cule. Considering compiled reactivity among the in-
cluded patient groups, responses were detected in
approximately 50% of the patients, and no responses
were detected in HLA-A2-negative controls. In view of
the high response frequency, it could be speculated that
lack of responses could be due to lack of antigen

<

Fig. 4 Spontaneous immune responses against TRAG-3—derived
peptides in HLA-A2-positive melanoma patients. Responses were
detected by ELISpot, measuring IFN-y secreted by T cells upon
TCR stimulation. Due to limited patient material, it was not
possible to analyze for reactivity against the full panel of peptides
in all patients. Columns represent the number of antigen specific
spots formed per 10° T cells. Dark columns indicate spontaneous
responses (defined as antigen specific spots + 1/2 SD >25 spots
per 10° cells). Bars indicate SD. Lymphocytes of responding
patients originated from infiltrated lymph nodes (LN), metastases
(ME), or blood samples (PBL)
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expression, and that the response rates analyzed in
cancer patients having TRAG-3-expressing tumors
therefore in reality might be even higher. In this respect,
however, data from melanoma samples suggests that the
majority of melanomas express TRAG-3 [16]. Unfortu-
nately, biopsies were not available from the breast can-
cer patients included in the present study; however, Wu
and colleagues recently reported expression of TRAG-3
in 23 of 34 mainly invasive breast carcinomas [53].
Summing up, the highest response rates were detected in
breast cancer patients (78%). It could be speculated that
the high response rate in these samples is related to
expression of TRAG-3 in response to treatment, since
these patients received systemic administration of che-
motherapy in the treatment of their disease; however,
this is true for the patients suffering from hematopoietic
malignancies as well. Still, the response rates are sur-
prisingly high, in particular since spontaneous CTL re-
sponses against CT antigens are not frequent [27].
Exceptions to this are the MAGE-10554060 HLA-
A*02.01-restricted peptide inducing spontaneous CTL
responses in two thirds of melanoma patients [49], and
the NY-ESO-1 protein similarly eliciting spontaneous
CTL reactivity in melanoma patients [48]. Although the
biological significance of cross-priming is a matter of
debate [57], it seems likely that such spontaneously
elicited CTL responses are induced through host APC
cross-priming [8].

Interestingly, CTL responses against the MAGE-
10554.062 HLA-A*02.01-restricted peptide are not only
detectable in PBLs from cancer patients, but also in
PBLs from healthy HLA-A2-positive donors. In our
analyses of PBLs from 12 HLA-A2-positive healthy
donors, TRAG-3 specific responses were detected in 2:
against the strong binder T 45 and the intermediate
binder T_57.10. The biological significance of these re-
sponses remains unresolved. CTL responses against the
melanoma differentiation antigen MART-1 are similarly
detectable in normal healthy donors as well as mela-
noma patients; however, MART-1-specific CTLs in
healthy donors are characterized by naive cell surface
phenotype and incapacity to secrete INF-y [39]. To our
knowledge, no data is available on the phenotype of
CTLs specific for CT antigens—either in cancer patients
or healthy individuals—due to the low pre-cursor fre-
quency in unstimulated PBLs.

Paclitaxel (Taxol) is a natural product derived from
the bark of Taxus brevifolia, and taxanes represent one
of the most important antitumor agents introduced in
cancer chemotherapy over the past decade [52]. Taxanes
inhibit microtubule depolymerization and demonstrate a
broad spectrum of antitumor activity in various cancers,
including cancers of the breast, ovary, and lung [21, 26,
47]. However, despite effective initial responses for these
malignancies, paclitaxel treatment is rarely curative for
the treatment of metastatic disease due to the develop-
ment of paclitaxel resistance [41]. In fact, drug resistance
represents a general characteristic observed in virtually
every type of tumor (with few exceptions), with every
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known type of anticancer chemotherapeutic drug [25].
Several lines of evidence suggest that the development of
drug resistance is associated with the expression of
proteins not expressed in sensitive cells, underlining the
potential of immunological targeting of proteins asso-
ciated with drug resistance [15]. Evidence for a direct
role of the TRAG-3 protein in paclitaxel resistance has
not been provided, but in general, expression of CT
antigens is up-regulated by demethylation [12], and
alterations in the methylation status are a general
characteristic of cancer cells in turn setting the stage for
selection during chemotherapy [5]. Moreover, for other
CT antigens (MAGE-1, MAGE-2, MAGE-3, and
MAGE-4), and therefore possibly also TRAG-3, there is
more frequent expression in metastatic lesions [7]. In this
respect, all breast cancer patients included were late-
stage patients, whereas some of the melanoma samples
were from newly diagnosed patients. It could therefore
be speculated that lesions from the breast cancer patients
were more likely to be TRAG-3-positive compared with
the melanoma lesions.

A recent study suggested that the induction of CTL
responses correlates with binding; i.e., high-affinity
peptides are more frequently recognized by host T
cells [24]. In the present study, responses against the
high-affinity binding peptide T 4 were detected in
samples from seven patients, however, responses
against the intermediately binding peptide T_57.10
were almost as frequent (Fig. 1). Surprisingly, the
high-affinity peptides T 45, and T 58 were only rec-
ognized in three and four patients, respectively. These
data indicate that other factors than binding affinity
influence the specificity of the T-cell response. In this
respect, it was recently shown that higher peptide
binding affinity for HLA molecules does not neces-
sarily equate with functional activity of the responding
T cell [13, 20].

Detection of spontanecous TRAG-3-specific CTL
responses in cancer patients clearly does not provide
evidence that TRAG-3—derived peptides are processed
and presented by cancer cells. Such evidence may be
provided by elution of peptides from the surface of
cancer cells [10]; however, in most cases the use of CTL
clone cytoxicity assays is considered sufficient evidence
for the presentation of the peptide in question [36]. In
spite of the fact that in most cases production of INF-y
corresponds to cytotoxic potential, we attempted to ex-
pand TRAG-3-specific CTLs in sufficient numbers for
cytotoxicity assays. However, these experiments were
not successful. A recent study characterized the T 58
peptide, also described in the present study, and dem-
onstrated that CTLs specific for this peptide were cyto-
lytic against HLA-matched tumor targets expressing the
TRAG-3 protein [56]. Clearly, these data support the
notion of TRAG-3—derived peptides as targets for
cytolytic T cells—a notion strengthened and extended in
the present study. Moreover, our data suggest that the
T_58 peptide is not the prominent natural target for
anti-TRAG-3 CTL responses, although it could be

speculated that the CTLs recognizing one of the peptides
T_57.9, T_59.10, and T_58 may in fact react against all
three peptides. In some patients, responses were detected
against two or all three of these peptides, supporting this
notion (Fig. 3, patients H2-MM, H3-LYM, and H5-
LYM; and Fig. 4, patients M3-PBL and MS5-PBL).
However, in other patients, responses were detected
against one of the peptides only, suggesting that some T
cells (in some patients) cross-react, whereas others do
not. Clearly, isolation and comparison of the clonotypic
composition of cells responding against the respective
peptides could provide the means to resolve this ques-
tion [44].

In conclusion, our data demonstrate that several
peptides from the TRAG-3 protein are targets for
spontaneous T-cell responses in cancer patients. These
peptides may be suited for future therapeutic vaccina-
tions against cancer.
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