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Introduction

Allogeneic stem cell transplantation (alloSCT) is successfully
used in the treatment of patients with hematologic malignan-
cies, including acute myeloid leukemia (AML), chronic
myeloid leukemia (CML) and acute lymphoblastic leukemia
(ALL). Treatment of relapsed leukemia after alloSCT with
donor lymphocyte infusion (DLI) can induce long-lasting com-
plete remissions. T cells recognizing minor histocompatibility
antigens (mHags) on recipient hematopoietic cells are thought
to play an important role in the anti-leukemic effect observed
after DLI, as demonstrated by the detection of mHag-specific
donor T cells in patients responding to DLI.1,2 Complete remis-
sions after DLI have been achieved in 80-90% of patients with
CML in chronic phase, but only in 10-30% of patients with
relapsed AML and ALL.3,4 Patients not responding to DLI may
lack the appropriate in vivo environment for an efficient induc-
tion of mHag-specific T-cell responses. This may be bypassed
by the in vitro generation of mHag-specific T cells that can be
adoptively transferred to patients with relapsed leukemia after
transplantation. In a previous phase I/II feasibility study, we
treated patients with relapsed leukemia with in vitro generated
leukemia-reactive T cells. In some patients, a clinical effect was
observed, demonstrating a potential efficacy of the adoptive

transfer of in vitro generated leukemia-reactive T cells.5,6 The
adoptive transfer of mHag-specific T-cell clones has been
described by Warren et al.,7 providing evidence that transferred
T cells can exert anti-leukemic activity, although no long-term
persistence of the T-cell clones was observed and all patients
eventually relapsed. In our previous report we showed that T
cells specific for the mHag HA-1 appeared to make a significant
contribution to clinical responses after DLI and it has been
shown that mHag-specific CD8 positive (CD8+) T cells can
have anti-leukemic activity.1,7 We, therefore, investigated the
feasibility of the adoptive transfer of in vitro induced HA-1-
specific CD8+ T-cell lines in patients with relapsed leukemia
after alloSCT.

Design and Methods

Generation of dendritic cells
Clinical grade immature dendritic cells (DC) were generated by

either: 1) culturing CD34+ positive cells derived from the donor periph-
eral blood stem cell graft with 100 ng/mL GM-SCF (Novartis, Basel,
Switzerland), 20 ng/mL human stem cell factor (huSCF) (a kind gift of
Amgen, Thousand Oaks, CA, USA) and 2 ng/mL TNFα (Cellgro 1006,
Cellgenix, Freiburg, Germany), and from Day 4,500 IU/m IL-4 (kindly
provided by Schering Plough, Innishammon, Cork, Ireland); or 2) by
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culturing CD14+ cells derived from donor peripheral blood with
100 ng/mL GM-CSF, 500 IU/ml IL-4 and 100 IU/mL IFNα-2a
(Roferon-A, Roche, Basel, Switzerland) for five days. Immature
CD34 or CD14 derived DC were maturated using DKTP (diphthe-
ria, whooping cough, tetanus and polio) vaccine and diluted 1:1000
(RIVM, Bilthoven, The Netherlands).  

Generation of HA-1-specific T-cell lines
After obtaining informed consent, HA-1-specific donor T-cell

lines were generated by culturing donor peripheral blood mononu-
clear cells (PBMC) with donor-derived dendritic cells (DC) pulsed
with the specific HA-1 peptide (VLHDDLLEA, synthesized at the
Department of Immunohematology, LUMC, Leiden, The
Netherlands) at a responder:stimulator (R/S) ratio of 10:1. DC (5-
10x106/mL) were pulsed by adding 1 μg/mL HA-1 peptide for 2 h
at 37°C followed by extensive washing. Cells were cultured in
IMDM containing penicillin and streptomycin, L-glutamin, 10%
heat inactivated human serum and 6 IU/mL IL-2 (Proleukin
(Aldesleukin) Novartis Pharmaceuticals, Horskam, UK). At Day 5
of the immune response, 120 IU/mL IL-2 was added. Until a max-
imum of five weeks, T-cell cultures were restimulated once a week
with HA1 peptide pulsed-DC, at an R/S ratio of 10:1 in T-cell
medium containing 120 U/mL IL-2.8 Cultures were evaluated for
the presence of HA-1-specific T cells by tetramer staining as previ-
ously described.1,9 HA-1-specific T-cell lines had to meet the fol-
lowing specifications before being released for administration: i)
no microbiological contamination; ii) donor origin of the HA-1-
specific CTL line established by chimerism analysis as previously
described;1 iii) more than 80% CD3+ T cells; iv) more than 5% HA-
1-specific CD8+ T cells within the CD3 population; iv) less than
10% CD19+ B cells; and v) absence of anti-donor reactivity as
measured by reactivity against donor-derived PHA blasts and/or
EBV-LCL in a 51Cr release assay.10

Study design
HLA-A*0201 positive and HA-1 positive patients with relapsed

AML, CML or ALL after alloSCT with an HLA-A*0201 positive
and HA-1 negative donor were eligible. CTL treatment was initiat-
ed not earlier than two months after transplantation by which time
donor cell engraftment had been established. Patients with grade 3
or 4 GvHD, or patients who were treated with chemotherapy or
high-dose immunosuppressive drugs at the time of CTL infusion,

were ineligible. Toxicity was scored according to WHO criteria
and GvHD according to the Glucksberg criteria. Response criteria
were the anti-leukemic effect and presence or increase of HA-1-
specific T cells in the peripheral blood and/or bone marrow follow-
ing infusion. Patients gave written informed consent and the study
was performed in accordance with the regulations of the institu-
tional ethics committee.

Results and Discussion

A total of nine HA-1-specific CD8+ T-cell lines were gen-
erated after stimulation with HA-1 peptide-loaded CD34-
derived or CD14-derived DC. All T-cell lines met the qual-
ity criteria as specifically established for the HA-1-specific
CD8+ T-cell lines. The percentage of HA-1-specific T cells
in the T-cell lines varied between 6-36%, corresponding to
a total number of 11-372x106 HA-1-specific CD8+ T cells
per T-cell line (Table 1). Most HA-1-specific T cells in the
T-cell lines expressed CD45RO and had a memory T-cell
phenotype (Table 1). Furthermore, the absence of CCR7
staining and the decrease in the percentage of CD27 and/or
CD28 positive T cells indicate an effector memory pheno-
type of the HA-1-specific T cells. Functionality of the T-cell
lines was tested in a 51Cr release assay (Table 1). All HA-1
specific CD8+ T-cell lines recognized HA-1 peptide-loaded
donor PHA blasts, patient PHA blasts and leukemic cells,
while no recognition of non-peptide loaded donor PHA
blasts was shown.
A phase I clinical study examined the toxicity and the

potential anti-leukemic effect of treatment with HA-1-
specific CTL lines for leukemic relapse following allogeneic
SCT. Three patients who relapsed after alloSCT received an
HA-1-specific T-cell line, containing 10-170x106 HA-1-
specific T cells per administration. None of the 3 patients
developed severe complications during infusion of the T-
cell line. Patient KHP showed a temporary rise in tempera-
ture during administration of the T-cell line. None of the
patients developed GvHD. One month after administration
of the HA-1-specific T-cell line, patient AHP developed a
pericarditis. Since a diagnostic aspirate consisted mainly of
macrophages and the microbiological culture was positive
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Table 1. Characteristics of the HA-1-specific CD8+ T-cell lines generated for in vivo administration.
CTL Culture Cells CD8+HA-1+ Composition T-cell line Phenotype HA-1+ T cells Cytotoxicity (% lysis)1
Line period (x 106) T cells (% positive cells) (% positive cells) PHA2 donor PHA Leukemia

(days) (x 106) CD4 CD8 CD8+HA-1+ CD45RO CD45RA CCR7 CD27 CD28 - peptide + peptide3 patient

Administered
NMJ - 1 30 869 243 12 84 27 84 51 1 93 30 8 72 56 n.a.
KHP 38 56 11 3 89 19 n.a. n.a. n.a. n.a. n.a. 5 57 30 614

AHP - 2 35 325 20 1 61 6 n.a. n.a. n.a. n.a. n.a. 64 634 684 134

Not-administered

NMJ - 2 34 30 11 20 80 36 98 2 5 85 11 1 58 43 n.a.
UBW 29 600 60 1 70 10 99 29 0 74 85 1 59 64 35
FPW - 3 28 6200 372 9 91 6 97 21 2 71 75 2 39 644 604

VWX 35 239 14 11 70 6 99 7 0 30 73 3 83 34 n.a.
AHP - 3 37 660 224 1 82 34 99 0 8 4 46 0 61 37 32
AHP - 4 36 3600 252 2 90 7 99 0 8 12 18 0 38 35 364

1Percentage lysis after 4 h in a 51Cr release assay, E:T ratio of 30:1; 2PHA blasts; 3Pulsed with HA-1 peptide; 4lysis after 24 h and E:T ratio 10:1; n.a.: not available.
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for streptococci, it was considered unlikely that the peri-
carditis was related to the infused T-cell line. 
Patient AHP, who had been transplanted for CML in

chronic phase, was treated for a molecular relapse (BCR-
ABL/PBGD ratio 10-2; chimerism status 99.5% donor) after
alloSCT and received a single HA-1-specific T-cell line.
After administration of the T-cell line, the BCR-ABL PCR
remained stable for three months after infusion. However,
thereafter a localized blast crisis developed in the left leg.
Patient KHP was transplanted for a refractory AML and
relapsed seven months after alloSCT. The patient received
chemotherapy consisting of Ara-C and daunorubicin but
had no response and no remission (leukocyte count
1.8x109/L; 33% leukemic blasts in peripheral blood and
95% in bone marrow; chimerism status 5% donor). He
received a single HA-1-specific T-cell line. Patient NMJ was
transplanted for AML in remission and relapsed three
months after alloSCT (leukocyte count 11.6x109/L; 34%
leukemic blasts in peripheral blood; chimerism status 64%
donor). She received three HA-1-specific T-cell lines and no
additional treatment. No anti-leukemic reactivity was
observed in patients KHP and NMJ after administration of
the HA-1-specific T-cell lines and rapidly progressive dis-
ease led to the death of both patients. 
We analyzed whether HA-1-specific CD8+ T cells could

be detected in peripheral blood and bone marrow at vary-
ing time points (up to 8 weeks) after infusion of the HA-1
specific T-cell line. In patient AHP, a low percentage of HA-
1-specific CD8+ T cells (0.2%) could be detected in the
peripheral blood and bone marrow after one week of in vitro
culture with the HA-1 peptide. This low percentage of HA-
1-specific T cells could be detected up to eight weeks after
infusion in both peripheral blood and bone marrow. This
may indicate survival of the infused T-cell line at low fre-
quencies, although, very low frequencies of HA-1-specific
CD8+ T cells could also be detected prior to infusion of the
HA-1-specific CD8+ T-cell line. For patient NMJ, peripheral
blood samples and bone marrow samples up to two weeks
after infusion were available, and for patient KHP peripher-
al blood samples up to three weeks after infusion were
available. No HA-1-specific CD8+ T cells could be detected
in these samples from either patient.
In this study, we have shown that in vitro generation of

clinical grade HA-1-specific T-cell lines is feasible.
However, at least four weeks and in most cases five weeks
of culture were necessary to obtain HA-1-specific T-cell
lines containing significant numbers of HA-1-specific T
cells. This culture period was too long, and obtained cell
numbers that may have been too low for patients with rap-
idly growing leukemia (patients KHP and NMJ). In patients
with persistent CMV of EBV reactivation after transplanta-
tion, infusion of low numbers of antigen specific T cells has
resulted in in vivo expansion and sustained immune
responses.11,12 However, our culture protocol led to the infu-

sion of T-cell lines with an effector memory phenotype
that might have had a limited capacity to survive and
expand in vivo.7,13 In addition, the high dose of IL-2 used
during the culture period might have led to IL-2 dependen-
cy of the HA-1-specific T cells which could also have con-
tributed to their lack of in vivo persistence.13,14 Additionally,
the lack of HA-1 specific CD4+ T cells may have con-
tributed to the lack of in vivo persistence, since it has been
shown that virus-specific CD8+ T cells may show better
persistence in the presence of virus-specific CD4+ T cells.15
The relapsed tumor cells may also have had a reduced sus-
ceptibility to killing by the antigen specific T cells, e.g. by
downregulation of HLA molecules, leading to impaired
presentation of HA-1 on the tumor cells. However, since
the leukemic blasts were susceptible to lysis by HA-1-
specific CD8+ T cells in our in vitro 51Cr-release assay (Table
1), we do not expect that escape of the tumor cells signifi-
cantly contributed to the lack of anti-leukemic reactivity of
the HA-1-specific T cells.
Three patients were treated with HA-1-specific T-cell

lines. After infusion, no toxicity was observed, showing
that administration of these T-cell lines was safe. Although
in one patient, during a period of stable disease, HA-1-
specific T cells could be detected in the peripheral blood and
bone marrow, no clear clinical response occurred in these
patients. In the study by Warren et al., in which high num-
bers of mHag-specific T-cell clones were infused in patients
with relapsed leukemia, transient remissions were observed
after adoptive transfer, which might be related to the differ-
ence in cell numbers infused.7 However, also in their study,
no durable in vivo persistence of the mHag-specific T cells
could be demonstrated.
To improve the anti-leukemic effect of mHag-specific T-

cell lines, a strategy has to be developed for the early isola-
tion of mHag-specific CD4+ and CD8+ T cells.16
Alternatively, TCR gene transfer may also be an attractive
strategy for rapid in vitro generation of high-affinity mHag-
specific T cells.17,18 The in vitro culture period should proba-
bly be limited, and more physiological culture conditions
are necessary to enhance the in vivo potential of the mHag-
specific T cells.13 This may result in a better anti-leukemic
effect and in the development of a population of central
memory type T cells which may be necessary for the long-
term control of the leukemia.
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