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Abstract The BCR/ABL p210 fusion protein has long
been considered an ideal target antigen for the development
of immunotherapeutic strategies in chronic myeloid leukae-
mia (CML) due to its central role in malignant transforma-
tion and to its unique novel amino acid sequence solely
expressed in leukaemia cells. However, the feasibility to
expand BCR-ABL-speciWc T cells remains still controver-
sial. Using BCR/ABL peptide/MHC tetramers, signiW-
cantly higher frequencies of tetramer positive cells were
detected in the peripheral blood of HLA-A*0301 (mean
0.38%) and HLA-B*0801 (mean 0.28%) CML patients
than in healthy donors (P = 0.0025 and 0.0026, respec-
tively). However, following stimulation with autologous
peptide-pulsed DCs, BCR/ABL-speciWc T cells were only
expanded from some healthy donors, suggesting that CML
patients may have a speciWc immune deWcit with respect to
the BCR/ABL antigen.
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Abbreviations
APC Antigen presenting cells
CML Chronic myelogenous leukaemia
CMV Cytomegalovirus
DC Dendritic cells
HLA Human leukocyte antigen
MHC Major histocompatibility complex
PBMC Peripheral blood mononuclear cells

Introduction

Chronic myeloid leukaemia (CML) is a clonal stem cell
malignancy characterised by an acquired genetic abnormal-
ity, the Philadelphia chromosome that results in the forma-
tion of the chimeric and constitutively active BCR-ABL
tyrosine kinase. The BCR-ABL fusion protein exhibits
selective expression in Philadelphia chromosome positive
leukaemic cells, expression, which is essential and suY-
cient for the development of CML. The fusion protein
results from the reciprocal translocation t(9;22)(q34;q11),
which transcribed into one of the most common chimeric
bcr/abl mRNA (b3a2), and translated into BCR/ABL pro-
tein (p210BCR-ABL) [12, 28]. In addition, the protein fusion
creates a codon split, which produces a new amino acid,
lysine, in the b3a2 BCR-ABL protein; it is therefore con-
sidered as a truly tumour-speciWc antigen.

A large number of epitope peptides derived from the
BCR/ABL b3a2 breakpoint protein have been demonstrated to
bind with high or intermediate aYnity to a wide range of
both HLA-class I and HLA-class II molecules [3, 15, 18,
22, 29]. Six b3a2-derived peptides were shown to bind to
HLA-A*0201, -A*0301, -A*1101 and -B*0801 molecules
[3, 8, 34]. Interestingly some of these HLA types, HLA-
A*0301 and/or HLA-B*0801, have been associated with a
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reduced incidence of CML [26]. From these observations, a
hypothesis was developed as to whether the potential
processing and presentation of BCR/ABL b3a2-derived
antigens on HLA-A*0301 and HLA-B*0801 results in the
generation of a speciWc immune response, which in turn
protects individuals bearing these HLA types from devel-
oping CML.

In addition, BCR/ABL b3a2-derived peptides have been
demonstrated to elicit reactive T cells in vitro that recog-
nize peptide-pulsed target cells in an HLA-class I and
HLA-class II manner [5, 19–21, 34]. In these studies, the
BCR/ABL-speciWc responses were obtained from a limited
number of donors who were mainly healthy individuals.
The HLA restriction [21] and the eYciency of these spe-
ciWc T cells to lyse BCR/ABL b3a2 positive tumour cells,
however, were not clearly demonstrated in all of these cul-
ture systems [19, 34]. These observations have subse-
quently questioned the natural processing and presentation
of BCR/ABL-derived antigens on the tumour cell surface.
Indirect evidence of intracellular processing and presenta-
tion of these antigens has been provided by the generation
of BCR/ABL b3a2-speciWc CTLs following in vitro stimu-
lation with peptide-unpulsed Ph positive DCs [10, 18, 32,
33]. Our group have demonstrated and conWrmed the natu-
ral processing and presentation of the previously described
HLA-A*0301 b3a2 KQSSKALQR peptide on the cell sur-
face of HLA-A*0301 transfected K562 leukaemic cell line
and primary tumour cells derived from HLA-A*0301 CML
patients [11]. Here, we report the results of our attempt to
generate-speciWc BCR-ABL cytotoxic T cells from HLA-
A*0301 and HLA-B*0801 CML patients, as well as from
healthy donors.

Materials and methods

Healthy donors and CML patients recruitment

Peripheral blood samples were obtained from 28 CML
patients (Table 1) and 15 healthy volunteers, selected for
the expression of HLA-A*0301 and/or HLA-B*0801, with
informed consent. PBMCs were separated using Ficoll-
Hypaque density gradient centrifugation (Cedarlane® Labo-
ratories Ltd, Canada), and were directly used for ex vivo
tetramer staining and T cells expansion.

Synthetic peptides

BCR/ABL b3a2 17-mer (ATGFKQSSKALQRPVAS), HLA-
A*0301-associated 9-mer (KQSSKALQR) and HLA-
B*0801-associated 9-mer (GFKQSSKAL) peptides, as well
as the HLA-A*0201 associated CMV peptide (NLVPM-
VATV) and the WT1 peptide (RMFPNAPYL) were

synthesized on an ABI synthesiser using Fmoc chemistry
and puriWed by high performance liquid chromatography
by Alta Bioscience (The University of Birmingham, UK).
The peptides were dissolved in DMSO at 10 mg/ml.

HLA/peptide complex synthesis

The HLA-A*0301/KQSSKALQR and the HLA-B*0801/
GFKQSSKAL tetramers were produced as described previ-
ously [1]. In brief, the extracellular portion of the HLA cod-
ing DNA was ampliWed by polymerase chain reaction
(PCR) and cloned into the pET-3d vector (Novagen),
modiWed to contain a C-terminal peptide tag substrate for
Bir A-dependent biotinylation. The HLA heavy chains
were expressed in BL21(DE3)pLysS Escherichia coli as
insoluble inclusion bodies. The �2-microglobulin was pro-
duced in a similar fashion. Both molecules were solubilised
in 8 M urea and added with the appropriate peptide in a
dilution refolding buVer under denaturing conditions
[400 mM arginine (Sigma), 100 mM Tris, 5 mM reduced
glutathione (Sigma), 0.5 mM oxidised glutathione (Sigma),
2 mM EDTA (GibcoBRL), pH8]. The refolded molecules
were then puriWed by Fast Protein Liquid Chromatography
(FPLC) gel Wltration on a Superdex 75 column (Pharmacia,
UK). Biotinylation was performed overnight using bacteri-
ally expressed Bir A enzyme, with comparable eYciency to
commercially available Bir A (Avidity, Denver, CO, USA).
Monomeric biotinylated complexes were further puriWed
by gel Wltration followed by anion exchange chromatogra-
phy. Tetrameric molecules were then formed by the addi-
tion of phycoerythrin (PE)-labelled streptavidin at a 4:1
molar ratio.

Generation of monocyte-derived dendritic cells

A minimum of 10 £ 106 cells per well (in 12-well plate) to
up to 30 £ 106 cells per well (in 6-well plate) were incu-
bated in complete X-VIVO 10 medium (10% AB serum,
1 U/ml penicillin, 1 �g/ml streptomycin, BioWhittaker) and
left for 4–12 h at 37°C. The non-adherent cells were
removed by gently resuspending and washing the wells
with medium and cryopreserved until required. The adherent
cells were incubated at 37°C in 2 ml of complete X-VIVO 10
medium supplemented with 200 ng/ml GMCSF (R&D) and
100 ng/ml IL-4 (R&D). On day 2 and day 4, 2 ml of
medium supplemented with 400 ng/ml GMCSF and
200 ng/ml IL-4 was added and exchanged. On day 6, DCs
were matured with the addition of TNF� (10 ng/ml, R&D),
poly I:C (12.5 �g/ml, Sigma) and sCD40L (1 �g/ml, Pepro-
Tech Inc., Peterborough, UK). Antigenic peptides that were
required to be up-taken and processed by monocyte-derived
dendritic cells (mDCs) (i.e. 17-mers antigenic peptides)
were added at 20 �g/ml on the same day of maturation.
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Short 9-mers peptides were pulsed, also at 20 �g/ml on day
8, prior to their use as APC. Maturation of mDCs was
conWrmed by cell surface up-regulation of co-stimulatory
molecules CD80, CD83 (B7.1) and CD86 (B7.2).

Stimulation of BCR-ABL-speciWc T cells

Lymphocytes were plated at 2 £ 106 cells/ml in 24-well
plate and were primed with autologous irradiated

Table 1 CML patients’ characteristics

CML patients were selected for their HLA types, including 28 HLA-A*0301 and/or HLA-B*0801 patients and for their b3a2 bcr/abl transcript
types. For control purposes, one b2a2+ CML patient (patients 28) was also included. The HLA-class I types, bcr/abl transcript types, treatments
received and clinical responses at the time of blood harvest are detailed for each patient
a The HLA types were obtained from the hospital centres or from the Histocompatibility Laboratories, Anthony Nolan Research Institute, London
b Transcript type: most of the bcr/abl transcript types were obtained from the hospital centres, the others were screened in house
c Patients’ treatments included: IM imatinib mesylate drug, Auto HSCT or Allo HSCT autologous or allogeneic haematopoietic stem cell trans-
plantation, DLI donor lymphocytes infusion. Some samples were obtained from leucopheresis harvested at diagnosis. Patients that were treated
with immunosuppressive drugs to prevent or treat GvHD were excluded from the study
d Clinical responses: PR partial clinical response where patients demonstrated a complete cytogenetic response but bcr/abl transcripts were still
detected at the molecular level, CR complete clinical response, including cytogenetic and molecular remission, CP chronic phase
e The numbers of HLA-A*0301 and/or HLA-B*0801 BCR/ABL tetramer positive cells detected ex vivo from CML patients are expressed as per-
centage of CD3+CD8+ T cells
f The ability of tetramer positive cells to expand upon speciWc peptide-pulsed DCs stimulation was assessed from some patients. For this, patient
blood samples were drawn after autologous or allogeneic transplantation and during the course of imatinib treatment, when large blood sample
were available. Positive expansion was considered when frequency of tetramer positive cells detected after stimulation was at least two times great-
er than the frequency detected in the control stimulation culture (unpulsed-DCs). Positive expansions observed in Wve HLA-A*0301 and in four
HLA-B*0801 CML patients are represented in Fig. 2 (patients 5–7, 9, 15, 17–20). The HLA-A*0301 patient 15 also expressed the HLA-B*0801,
however, no expansion in the context of HLA-B*0801 was obtained. N/P not performed due to the limited number of PBMCs from these patients

Patients HLA typesa Transcript typeb Treatmentc Clinical responsesd Tetramer frequencye Expansionf

1 A3+ b3a2 IM PR 0.56 Negative

2 A3+ b3a2 Auto HSCT PR 0.43 N/P

3 A3+ b3a2 IM PR 0.36 N/P

4 A3+ b3a2 Auto HSCT/IM PR 0.41 Negative

5 A3+ b3a2 Allo HSCT CR 0.65 Positive

6 A3+ b3a2 Allo HSCT CR 0.63 Positive

7 A3+ b3a2 Allo HSCT CR 0.69 Positive

8 A3+ b3a2 IM PR 0.51 Negative

9 A3+ b3a2 Allo HSCT/DLI/IM CR 0.7 Positive

10 A3+ b3a2 Allo HSCT/IM NR 0.22 N/P

11 A3+ ; B8+ b3a2 IM NR 0.16/0.15 N/P

12 A3+ ; B8+ b3a2 IM PR 0.37/0.23 Negative/negative

13 A3+ ; B8+ b3a2 Auto HSCT/IM PR 0.16/0.26 N/P

14 A3+ ; B8+ b3a2 Auto HSCT/IM PR 0.42/0.34 Negative/negative

15 A3+ ; B8+ b3a2 Auto HSCT/IM CR 0.65/0.3 Positive/negative

16 B8+ b3a2 IM PR 0.12 Negative

17 B8+ b3a2 Allo HSCT/DLI CR 0.7 Positive

18 B8+ b3a2 Auto HSCT/IM PR 0.62 Positive

19 B8+ b3a2 Allo HSCT PR 0.17 Positive

20 B8+ b3a2 Allo HSCT PR 0.29 Positive

21 B8+ b3a2 Allo HSCT NR 0.11 Negative

22 B8+ b3a2 IM PR 0.38 Negative

23 A3+ b3a2 At diagnosis CP 0.064 N/P

24 A3+ b3a2 At diagnosis CP 0.10 N/P

25 A3+ b3a2 At diagnosis CP 0.21 Negative

26 A3+ ; B8+ b3a2 At diagnosis CP 0.12/0.19 N/P

27 A3+ ; B8+ b3a2 At diagnosis CP 0.23/0.05 N/P

28 A3+ ; B8+ b2a2 At diagnosis CP 0.087/0.05 N/P
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monocyte-derived DCs (ratio of T cells:DC of 10:1) on day
1 and day 10. A third stimulation was performed with
autologous irradiated PBMCs (ratio of T cells:APC of 5:1)
on day 17. The APCs were pulsed with 20 �g/ml antigenic
peptide for 3 h at 37°C, washed, irradiated at 30 Gy and
resuspended in 0.5 ml complete medium plus 10 ng/ml IL-7.
Three days after stimulation, half of the medium was
exchanged with fresh medium supplemented with IL-2
(10–50 UI/ml, R&D) and IL-15 (10 ng/ml, R&D).

Flow cytometry/HLA tetramer analysis

PBMCs (1 £ 106) were incubated for 30 min at 37°C with
2 �g HLA/peptide tetramer in staining medium (PBS with
10% heated inactivated FCS and 0.1% sodium azide). Cells
were washed and incubated for 15 min at 4°C with CD3-
FITC and CD8-PerCP (BD Pharmingen, San Diego, USA).
Cells were Wxed with 1% w/v of paraformaldehyde in PBS
and acquired within 24 h on FACSCalibur Xow cytometer
(BD) using CellQuest™ software version 3.3 (BD); the anal-
ysis was performed using the FlowJo software (Tree Star).

Statistical analysis

The statistical analysis of the data was performed using
Prism® 4 Software (GraphPad, San Diego, USA). P · 0.05
was considered statistically signiWcant.

Results

BCR/ABL-speciWc T cells were detected in HLA-A*0301 
and HLA-B*0801 CML patients

In accordance with prior observations [6, 7, 11, 31], BCR/
ABL tetramer positive cells were detected in the peripheral

blood of CML patients. The frequencies of HLA-A*0301
and HLA-B*0801 BCR/ABL-speciWc T cells detected in
the peripheral blood of our CML patient cohort, as well as
in healthy individuals and control CML patients lacking
expression of the HLA-A*0301 or HLA-B*0801 alleles are
represented in Fig. 1a and b, respectively. None or very low
levels of tetramer positive cells were detected in patients
bearing irrelevant HLA types (Fig. 1) or in patients bearing
the b2a2 transcript type (not shown).

The levels of BCR/ABL-speciWc CD8+ T cells detected
in CML patients were very heterogeneous. Higher frequen-
cies were found in the context of HLA-A*0301 than in
HLA-B*0801 positive CML patients (mean of 0.38 vs.
0.28%, respectively, Fig. 1). Additionally, CML patients
bearing both HLA-A*0301 and HLA-B*0801 molecules
have circulating BCR/ABL-speciWc T cells recognizing
both HLA/peptide tetramers with reproducibly higher fre-
quencies in the context of HLA-A*0301 molecule than
HLA-B*0801 molecule. In contrast to CML patients, the
basal frequency of BCR/ABL-speciWc T cells detected in
the peripheral blood of healthy individuals was negligible.
The frequency of BCR/ABL-speciWc T cells detected in all
CML patients was signiWcantly higher than in healthy indi-
viduals with both HLA-A*0301 tetramers and HLA-
B*0801 tetramers (P = 0.0025 and 0.0026, Mann–Whitney
U test, Fig. 1). The majority of the CML patients included
in this study were demonstrating at least a partial clinical
response following auto HSCT, allo HSCT and/or Imatinib
mesylate treatment (Table 1). It was not possible to corre-
late the frequency of BCR/ABL-speciWc T cells detected in
the peripheral blood of patients with their respective treat-
ment and subsequent clinical responses, as the clustering of
patients assessed in each category resulted in a too small
number. However, higher frequencies of BCR/ABL-spe-
ciWc T cells were detected in patients experiencing at least a
complete cytogenetic response following treatment than in

Fig. 1 Frequencies of ex vivo HLA-A*0301 and HLA-B*0801 BCR/
ABL-speciWc T cells. The frequencies of HLA-A*0301/KQSSKALQR
(a) and HLA-B*0801/GFKQSSKAL (b) speciWc CD8+ T cells detect-
ed in the peripheral blood of CML patients, as well as in healthy
individuals and CML patients bearing irrelevant HLA types (non-
HLA-A*0301 and/or non-HLA-B*0801) are represented. Tetramer
positive cells are expressed as a percentage of CD3+CD8+ T cells. Bars

indicate the mean values for each category. The frequencies of BCR/
ABL-speciWc T cells circulating in the peripheral blood of CML
patients are in both the HLA-A*0301 and the HLA-B*0801 group
signiWcantly higher than in healthy individuals (P = 0.0025 and 0.0026,
respectively, Mann–Whitney U test) or in patients bearing irrelevant
HLA types (P < 0.0001, Mann–Whitney U test). N represents the
number of samples
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patients remaining in active chronic phase of the disease
(·0.21%, Table 1). Thus, these data tend to suggest that the
large tumour burden in CML patients may aVect the gener-
ation of BCR/ABL-speciWc T cell responses. Recently, the
presence of BCR/ABL tetramer positive cells in CML
patients was associated with a lower tumour burden, sug-
gesting that BCR/ABL-speciWc T cells may participate in
disease control [7].

BCR/ABL-speciWc T cells could only be expanded 
from healthy donors

The stimulation of CML patient lymphocytes with the 9-mer
and 17-mer BCR/ABL peptide-pulsed mDCs induced a
small increase of tetramer positive T cells in the context of
both HLA-A*0301 and HLA-B*0801 (from mean of 0.08
to 0.19% and 0.08 to 0.17%, respectively, Fig. 2a, b) and
were not found to be statistically signiWcant compared to
the frequencies of BCR/ABL-speciWc T cells detected in
cultures without antigen stimulation (No peptide, P > 0.05,
Wilcoxon signed ranked test). The majority of the patients
assessed here were at least in complete cytogenetic remis-
sion (8 out of 9 patients, Table 1). The highest frequencies
of tetramer positive T cells were detected in patients receiv-
ing an allo HSCT and experiencing complete cytogenetic
and molecular responses compared to patients treated with
auto HSCT and/or Imatinib mesylate. This was observed
both in the context of HLA-A*0301 and HLA-B*0801
(patients 5, 6 and 17, Table 1). These tetramer positive T
cells may be donor-derived and therefore more capable of
generating an anti-leukaemic response. However, the num-
bers of BCR/ABL-speciWc T cells detected from all the
CML patient cultures remained low, with or without pep-
tide stimulations (<0.2%). Thus, despite our eVort BCR/
ABL-speciWc T cells could not be generated and/or
expanded from these CML patients.

In contrast to CML patients, the stimulation of PBMCs
derived from healthy donors induced a statistically signiW-
cant expansion of BCR/ABL-speciWc T cells. The frequen-
cies of BCR/ABL-speciWc CD8+ T cells detected in healthy
donors after stimulation with the 9-mer BCR/ABL peptides
increased signiWcantly compared to the frequencies
detected in the cultures without antigen stimulation (No
peptide). This was observed both in the context of HLA-
A*0301 (from mean of 0.056 to 0.32%, P = 0.0078 Wilco-
xon signed ranked test, Fig. 2a) and HLA-B*0801 (from
mean of 0.04 to 0.21%, P = 0.0156, Fig. 2b). The frequen-
cies of BCR/ABL-speciWc T cells generated after stimula-
tion with the 17-mer BCR/ABL peptide were also found to
be statistically signiWcant compared to the negative control
(mean of 0.56%, P = 0.0039 for HLA-A*0301 and mean of
0.46%, P = 0.0125 for HLA-B*0801, Wilcoxon signed
ranked test). The degree of the BCR/ABL-speciWc CD8+ T

cell responses generated was aVected by the length of the
BCR/ABL peptides used as a source of antigen to stimulate
these responses. The frequencies of tetramer positive T
cells detected in healthy donors after stimulation with the
17-mer peptide were signiWcantly higher when compared to
the 9-mer peptide (P = 0.0391 for HLA-A*0301 and
P = 0.0156 for HLA-B*0801, Wilcoxon signed ranked
test). This longer 17-mer BCR/ABL peptide may contain
other HLA-class I and/or HLA-class II epitopes that may
enhance the activation of HLA-A*0301 and HLA-B*0801
associated BCR/ABL-speciWc T cells.

Although the frequencies of BCR/ABL tetramer positive
cells detected ex vivo were signiWcantly higher in CML
patients, higher frequencies of antigen-speciWc T cells were
generated from both HLA-A*0301 and HLA-B*0801
healthy donors than from patients (mean of 0.21–0.56 vs.
0.12–0.19%, respectively, Fig. 2). The numbers of tetramer
positive T cells detected following stimulation with the
BCR/ABL-derived 17-mer peptide were signiWcantly
higher from healthy donors than from CML patients in the
context of both HLA-A*0301 and of HLA-B*0801 mole-
cules (P = 0.001 and 0.0424, respectively, Mann–Whitney
U test). As no HLA-A*0301 and HLA-B*0801 deWned
antigens and tetramer tools were available at the time of the
study to control each patient expansion, the well-deWned
viral CMV and tumour associated antigen WT1-restricted
peptides to HLA-A*0201 were used as positive controls
whenever possible (when patients also expressed the HLA-
A*0201 allele). HLA-A*0201 positive CML patients were
capable of generating CMV-speciWc T cell responses fol-
lowing the same protocol as shown for a patient in Fig. 2d.
In addition it was possible to expand, from some patients,
WT1-speciWc T cells (Fig. 2c, d). Therefore, the lack of
BCR/ABL-speciWc responses is unlikely to be due to the
ineYciency of CML patient DCs to prime an immune
response, and CML patients are fully capable of generating
an antigen-speciWc T cell response, at least in the context of
a viral antigen. Thus, our data suggest that CML patients
may have a speciWc immune deWcit with respect to the
BCR/ABL antigen.

Furthermore, the BCR/ABL peptide presented by HLA-
A*0301 was demonstrated to induce a greater expansion of
antigen-speciWc T cells than the HLA-B*0801 associated
peptide. The frequencies of BCR/ABL-speciWc T cells
detected after stimulation with the BCR/ABL 9-mer pep-
tide in both HLA-A*0301 CML patients and healthy
donors were higher than those detected in HLA-B*0801
donors (mean of 0.17 and 0.32% vs. 0.12 and 0.21%,
respectively, Fig. 2a, b, 9-mer). The expansion of these
BCR/ABL-speciWc T cells after peptide stimulation was
also statistically more signiWcant in the context of the HLA-
A*0301 molecule than of the HLA-B*0801 molecule com-
pared to the control (No peptide stimulation). This was
123



1454 Cancer Immunol Immunother (2009) 58:1449–1457
observed only for healthy donors (P = 0.0078 vs. 0.0156,
Wilcoxon signed ranked test). The expansion of these cells
was not signiWcantly diVerent to the controls for CML
patients, though there were a trend towards a greater expan-
sion in the context of HLA-A*0301 than HLA-B*0801
molecule (P = 0.1250 vs. 0.250). It has recently been
described that the proteosomal digestion of BCR/ABL
fusion peptide could lead to the generation of the HLA-

A*0301 associated KQSSKALQR peptide but not the
HLA-B*0801 associated GFKQSSKAL [17, 25].

Discussion

The BCR/ABL p210 fusion protein has long been con-
sidered an ideal target antigen for the development of

Fig. 2 BCR/ABL-speciWc 
CD8+ T cell responses generated 
with peptide-pulsed autologous 
mDCs. The generation of BCR/
ABL-speciWc T cells using 
monocytes-derived DCs as 
APCs was assessed from HLA-
A*0301 (a) and HLA-B*0801 
(b) CML patients (left) and 
healthy donors (right). In paral-
lel, WT1-speciWc T cells were 
primed from HLA-A*0201 
CML patients (c). Lymphocytes 
were stimulated with autologous 
irradiated DCs pulsed with no 
peptide (No Peptide) or BCR/
ABL-derived 9-mer and 17-mer 
peptides. Activated T cells were 
harvested 3 days after the last 
stimulation (day 21) and stained 
with the appropriate HLA/CML 
tetramer. BCR/ABL-speciWc T 
cells are expressed as a percent-
age of CD3+CD8+ T cells, with 
the bar mean values shown for 
each condition. The P values 
diVerences between CML 
patients and healthy individuals 
were calculated with the Mann–
Whitney U test. d Representa-
tive tetramer staining dot plots 
from an HLA-A*0201/HLA-
A*0301 healthy donor and CML 
patient are shown
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immunotherapeutic strategies in CML due to its central
role in malignant transformation and to its unique novel
amino acid sequence solely expressed in leukaemia
cells. In fact, the BCR/ABL breakpoint protein repre-
sents a rare truly tumour-speciWc antigen. The data pre-
sented here illustrate the problems associated with
generating BCR/ABL-speciWc CD8+ T cell responses in
vitro for the development of immunotherapeutic treat-
ment of CML patients.

The frequencies of BCR/ABL-speciWc T cells
detected in the peripheral blood of CML patients were
signiWcantly higher than those detected in healthy
donors. In our cohort of CML patients, higher frequen-
cies of tetramer positive T cells were detected in patients
who were at least in partial clinical remission compared
to those remaining in active phase of the disease. In the
latter patients, the large tumour burden may have
aVected their ability to generate antigen-speciWc T cell
responses in vivo. The standard protocol for the genera-
tion of immune responses utilises DCs, as these cells are
capable of both priming naïve T cells and boosting
memory T cell responses. In this study, DCs were not
suYciently eYcient to stimulate and expand BCR/ABL-
speciWc T cells from CML patients. However, CMV and
WT1-speciWc T cell responses were successfully gener-
ated in vitro from these patients following identical
stimulation protocols. It is possible that the large tumour
burden and the defective leukaemia DC functions
described in CML patients [13] may have induced BCR/
ABL-speciWc T cell exhaustion, tolerance and/or anergy
in vivo, thus rendering their expansion highly diYcult in
vitro. Additionally, given the observation that HLA-
A*0301 and HLA-B*0801 alleles appear to be protective
against developing CML [26], it may be considered
therefore that individuals who bear these HLA types yet
still develop CML and have high tumour burden, may
belong to one of the worst groups from whom to stimu-
late BCR/ABL-speciWc T cell responses in vitro. No
higher frequencies of CD4+CD25+ T cells were detected
in the peripheral blood of CML patients compared to
healthy donors (data not shown), suggesting that Tregs
were not involved. To understand the mechanism lead-
ing to the observed BCR/ABL-speciWc T cells deWciency
in CML patients, it would be important to better charac-
terize these BCR/ABL-speciWc T cells in terms of their
central memory or terminally diVerentiated phenotype,
their possible T cell exhaustion phenotype and their
capacity (or not) to produce IFN� in response to BCR/
ABL peptide stimulation. However, due to the restricted
blood supplies, to the low frequencies of BCR/ABL-
speciWc T cells (as compared to viral antigen), and
because we wanted to generate DCs to expand those

BCR/ABL-speciWc T cells, we were unfortunately
unable to assess those characteristics.

In contrast to CML patients, the stimulation of
PBMCs derived from healthy donors induced a statisti-
cally signiWcant expansion of BCR/ABL-speciWc T
cells. However, the levels of these responses remained
low. The use of the longer 17-mer BCR/ABL peptide to
stimulate antigen-speciWc T cell responses was demon-
strated to induce a higher frequency of tetramer positive
T cell expansion when compared to the use of the 9-mer
BCR/ABL peptides. Thus, this longer peptide may con-
tain other HLA-class I and/or HLA-class II epitope,
which enhanced the stimulation and expansion of HLA-
A*0301 and HLA-B*0801 restricted BCR/ABL-speciWc
CD8+ T cell responses. Moreover this longer peptide has
been demonstrated to eYciently generate HLA-class II
restricted BCR/ABL-speciWc T cell responses in healthy
donors [2, 5, 21, 33].

The data presented here also showed that higher expan-
sions of BCR/ABL-speciWc T cells were achieved in the
context of HLA-A*0301 in contrast to HLA-B*0801 mole-
cule. The proteosomal digestion of BCR/ABL fusion pep-
tide so far, has been demonstrated for the generation of the
HLA-A*0301 associated KQSSKALQR peptide but not for
the HLA-B*0801 associated GFKQSSKAL [17, 25]. Thus,
it is not yet known whether the GFKQSSKAL BCR/ABL-
derived peptide is physiologically presented in the context
of HLA-B*0801.

In conclusion, though our stimulatory condition were
able to generate responses to viral antigens, it was not pos-
sible to generate BCR/ABL-speciWc T cells from CML
patients. BCR/ABL-speciWc T cells could neither be
detected nor induced from a CML patient responding to
donor lymphocytes infusion [25]. Additionally, using DCs
electroporated with RNA harbouring the chimeric bcr-abl
transcript, Brossart [16] could elicit CTLs capable of rec-
ognizing certain CML-derived antigens but not the BCR/
ABL fusion peptides. Vaccinations with BCR/ABL-
derived peptides induced mainly CD4+ T cell responses in
patients [4, 9, 24, 27]. Thus, it appears that the HLA-class I
restricted BCR/ABL fusion peptides are not immunodomi-
nant antigens. Recently though, the modiWcation of an
amino acid at the HLA-binding anchor residues in BCR/
ABL peptide sequences showed that CTL could be elicited
against the altered peptide ligands and that they produce
greater cytotoxicity without loss of original sequence spec-
iWcity [23]. However, these CTLs failed to speciWcally
lyse fresh CML cells. Peptides derived from the whole
BCR/ABL protein, including other bcr/abl transcript types
appear to induce stronger immune responses [8, 14, 17, 30]
and may therefore represent more appropriate CML-asso-
ciated antigens for immunotherapeutic approaches.
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