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Background and Objectives

Cytotoxic T lymphocytes (CTL) may use two effector mechanisms to kill their target
cells: perforin (PFN) and granzyme B (GrB)-dependent granule-mediated cell death and
death receptor-mediated cell death. Controversy exists whether, in addition to
PFN/GrB-mediated apoptosis, death receptor-induced apoptosis contributes to the
elimination of human tumor cells by CTL. 

Design and Methods

Since the two CTL-mediated effector mechanisms differ in time required to eliminate
target cells, lysis of target cells was analyzed using CTL clones with slow and rapid
kinetics of killing derived from a patient with chronic myeloid leukemia. To determine
the involvement of the death receptor pathway, a retroviral construct encoding the
anti-apoptotic gene FLICE inhibitory protein (FLIP) was introduced into these target
cells. 

Results

A CTL clone capable of killing 50% of the target cells within 2 hours of incubation pri-
marily acted by release of PFN and GrB. In contrast, two CTL clones showing slower
target cell killing kinetics partially used the death receptor pathway (~30% inhibition
by FLIP).

Interpretation and Conclusions

We demonstrated that the death receptor pathway contributes to T-cell-mediated cell
death if not all target cells are destroyed by release of PFN and GrB. 

Key words: apoptosis, cytotoxic T lymphocyte, retroviral vector, Fas, FLIP,
death receptor pathway.
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Cytotoxic T lymphocytes (CTL) mediate target
cell death using two effector pathways: gran-
ule-mediated and death receptor-mediated

killing.1,2 Both pathways are activated by membrane T-
cell receptors recognizing target antigen. In granule-
mediated killing, T-cell receptor-triggering induces exo-
cytosis of pre-formed cytotoxic granules, containing
perforin (PFN) and a family of serine proteases termed
granzymes,3,4 of which granzyme B (GrB) is the most
potent member. Intracellular delivery of GrB results in
the initiation of a caspase cascade via proteolytic acti-
vation of caspase-3, directly5 or through a mitochondri-
um-dependent pathway.6 In death receptor-mediated
killing, T-cell receptor-triggering induces surface mem-
brane expression of apoptosis inducing ligands of the
tumor necrosis factor (TNF) superfamily (Fas ligand
(FasL), TNF-α, TRAIL), which cross-link death recep-
tors expressed on the target cells.1,7 Upon trimerization
of the death receptor, Fas associated death domain
(FADD) is recruited to the intracellular death domain,
followed by engagement of pro-caspase 8, also called
FADD-like interleukin-1-converting enzyme (FLICE).8

In this complex, procaspase-8 is proteolytically cleaved,
and the active caspase-8 that is formed either directly
cleaves effector caspases resulting in apoptosis, or acti-
vates the mitochondrial pathway via cleavage of Bid, a
member of the pro-apoptotic Bcl2 family.9,10

Granule-mediated cell death has been reported to
play an important role in the elimination of virus-
infected and tumorigenic cells.11,12 In line with this, mice
with defects in PFN expression develop spontaneous
lymphoma and have a diminished ability to clear many
viruses and tumor cells.13 The kinetics of granule-medi-
ated cell death is very rapid, with lytic concentrations
of PFN inducing cell death virtually immediately (with-
in 10 min). GrB combined with sublytic concentrations
of PFN also results in rapid target cell death (in approx-
imately 90 min), as recently demonstrated in a mouse
fibroblast cell line.14

Death receptor-mediated cell death has primarily
been described to be involved in eliminating autoreac-
tive T cells and down-grading immune responses after
infection,15-18 as clearly demonstrated in various murine
studies showing that mice genetically deficient in Fas
(lpr) or Fas ligand (gld) develop lymphoproliferative dis-
orders.19,20 In other murine studies, Fas/FasL-mediated
killing has also been reported to play a role in elimina-
tion of virus-infected cells.21-23 The kinetics of death
receptor-induced apoptosis is slow compared to that of
PFN-GrB-mediated cell death,24,25 which was underlined
by a study by Shresta et al., who showed in a murine
model that apoptosis induced by GrB–/– CTL was
delayed for 4 hours compared to lysis by GrB+/+ CTL.26

In the human setting it is largely unknown whether,
besides secretion of PFN and GrB, cytotoxic T cells also
use the death receptor pathway to kill virus-infected
and tumor cells. In the current study, we investigated

the role of the death receptor pathway in CTL-mediat-
ed cell death of human target cells. Because of the dif-
ferences in kinetics of cell death between granule-
induced and death receptor-induced cell death, we used
not only rapidly lysing CTL but also T-cell clones dis-
playing slow kinetics of killing, which were isolated
from a patient with chronic myeloid leukemia (CML)
at the time of clinical response to donor lymphocyte
infusion. We investigated the involvement of the death
receptor pathway in CTL-mediated lysis by introduc-
ing into EBV-transformed B cells (EBV-LCL target cells)
a retroviral construct encoding the anti-apoptotic gene
FLICE inhibitory protein (FLIP), which is an enzymati-
cally inactive homolog to caspase 8 that interacts with
FADD, preventing pro-caspase 8 from binding to the
death domain of the death receptors.27,28

Design and Methods

Cells and culture conditions
HY-A1 is a CD8+ HLA-A1-restricted anti-HY T-cell

clone isolated from a patient with bone marrow rejec-
tion, recognizing a peptide derived from the DFFRY
protein.29 B57-2 and C6-2 are two minor histocompati-
bility regimens (mHag)-specific CD8+ leukemia-reac-
tive T-cell clones isolated from a patient (JTO) with
CML at the time of clinical response to donor lympho-
cyte infusion.30 These clones are HLA-B57- and Cw-6-
restricted, respectively, and recognize EBV-LCL derived
from the patient. The T-cell clones were cultured in
IMDM supplemented with 3 mM L-glutamine, 50
µg/mL streptomycin, 50 U/mL penicillin, 5% pooled
human serum, 5% fetal bovine serum, and 100 IU/mL
interleukin-2 (Chiron, Amsterdam, The Netherlands)
and stimulated every 2 weeks with a mixture of irradi-
ated allogeneic peripheral blood mononuclear cells, 800
ng/mL phytohemagglutinin (PHA, Murex Biotech
Limited, Dartford, UK), and 120 IU/mL interleukin-2.
EBV-LCL were cultured in IMDM supplemented

with 10% fetal bovine serum, 3 mM L-glutamine, 50
µg/mL streptomycin and 50 U/mL penicillin (all from
Cambrex Bio Science, Verviers, Belgium).

CFSE cytotoxicity assay
Cytotoxicity was measured using carboxyfluorescein

diacetate succinimidyl ester (CFSE)-based cytotoxicity
assays as described by Jedema et al.31 Target cells were
labeled with 5 µM CFSE (Molecular Probes Europe,
Leiden, The Netherlands), and incubated overnight in a
humidified atmosphere of 5% CO2 at 37 °C. For the
cytotoxicity assay, 5,000 target cells/well (50 µL) were
plated in 96-well microtiter plates (all in triplicate), and
5,000 effector T cells were added in a volume of 100
µL/well. After 2, 5 and 24 hours of co-culture, FACS
analysis was performed to determine numbers of
viable target cells. To exclude dead cells from the analy-



sis, propidium iodide (PI) (1 µg/mL; Sigma-Aldrich, St
Louis, MO, USA) was added. To allow quantitative
analysis of the viable cells, the wells were harvested,
and transferred to FACS tubes containing 10,000 Flow-
Count Fluorospheres (Coulter Corporation, Miami, FL,
USA). For each sample 3,000 microbeads were
acquired, facilitating the calculation of absolute num-
bers of viable (PI) CFSE+ target cells. The percentage of
specific cell death was defined as: 

[(mean absolute number of viable CFSE+ target cells in
control medium - absolute number of viable CFSE+ target
cellsexperimental)/(mean absolute number of viable CFSE+ target
cells in control medium)] x 100. 

Activation of the death-receptor pathway
Death-receptor-mediated apoptosis was induced

with Fas agonistic antibodies (10 to 1000 ng/mL) that
cause cross-linking of the Fas receptor (Fas antibody,
7C11; Beckman Coulter Inc., Fullerton, CA, USA), or
with recombinant human TRAIL (rhsKillerTRAILTM)
(Alexis Corp., Lausanne, Switzerland). 

Generation of retroviral constructs and transduction
of EBV-LCL cells
The complete coding region of human FLIP-long

(U97074) with a FLAG tag in front of the start codon
was amplified from plasmid pCR3.V64 (kindly provid-
ed by Dr. J.P. Medema, Leiden University Medical
Center, Leiden, The Netherlands) by PCR using the for-
ward primer 5'-tatagaagatctaccatggattacaaagacgatgac-
3' and the reverse primer 5'-tataccgctcgagttatgtgtagga-
gag-3'. FLAG-FLIP-encoding PCR products were cloned
into the Moloney murine leukemia virus-based retro-
virus vector LZRS (G. Nolan, Stanford University, Palo
Alto, CA, USA) containing truncated nerve growth fac-
tor receptor (∆NGF-R) as the marker gene.32 A retroviral
pLZRS vector encoding ∆NGF-R alone was used as a
control vector (mock) in the experiments. Generation
of retroviral supernatant and retroviral transduction of
EBV-LCL were performed as previously described.33

Transduced cells were purified by FACS® sorting based
on marker gene expression using a FACSVantage
(Becton Dickinson, Mountain View, CA, USA). 

Sodium dodecylsulphate polyacrylamide gel
electrophoresis (SDS PAGE) and western blot
analysis
Cell lysates of 2×106 cells were obtained by freeze-

thawing the cells in 100 µL NP40-lysis buffer (50 mM
Tris-HCl, pH 7.6, 5 mM DTT, 20% v/v glycerol, 0.5%
v/v Nonidet P40, and 25% v/v Protease Inhibitor
Cocktail (Boehringer, Mannheim, Germany). SDS
PAGE and western blot analysis using PVDF mem-
branes (Millipore Corp., Bedford, MA, USA) were per-
formed as previously described.34 Primary antibody
incubations were performed for 2 hours in 1% Ecl-

blocking reagent. Horseradish peroxidase-conjugated
antibodies specific for the FLAG epitope tag (Sigma)
were used to detect the introduced FLIP (1:1,000). 

Statistical analysis
Statistical analysis was performed using a two-paired

Student's t test to calculate whether lysis in wild-type
EBV-JTO cells differed significantly from that observed
in EBV-JTO cells stably expressing FLIP. Differences
were considered statistically significant when p values
were ≤0.05.

Intracellular perforin and granzyme B analysis
Twenty thousand T cells were stimulated for 2 hours

with 20,000 specific (EBV-JTO) or non-specific (EBV-JY)
target cells. To discriminate between effector and target
cells, T cells were stained with CD8 specific antibodies
(BD, San José, CA, USA). Cells were fixed and perme-
abilized using Fix Buffer I and Perm/Wash Buffer I
(both from BD), respectively, according to the manufac-
turer’s protocol. The amounts of intracellular PFN and
GrB present in the T cells were determined by flow
cytometry using PFN (1:20) and GrB (1:20)-specific
antibodies (BD). IgG antibodies were used to correct
for background staining. The differences in PFN and
GrB staining (∆MFI) after specific and non-specific
stimulation of the T cells reflect the amounts of PFN
and GrB released by the different T-cell clones within 2
hours of specific stimulation with EBV-JTO.

Results

mHag-restricted CTL clones show different killing
kinetics towards the same EBV-LCL
We examined three different CTL clones for their

capacity to kill EBV-LCL from patient JTO (EBV-JTO).
Percentages of specific lysis of EBV-JTO cells were
determined after 2, 5 and 24 hours of co-culture with
the T-cell clones using the CFSE-based cytotoxicity
assay. CTL clone HY-A1 showed very fast kinetics of
killing, resulting in 50% of target cell lysis after 2 hours
of incubation and maximal lysis (90%) after 24 hours
(Figure 1). CTL clone B57-2 showed 15% of lysis after
2 hours, almost 40% after 5 hours, and 70% after 24
hours of incubation, which we classified as intermedi-
ate killing kinetics. CTL clone C6-2 caused no EBV-
JTO-specific cell death after 2 and 5 hours, but 50%
lysis after overnight incubation, which we regarded as
slow killing kinetics.

Kinetics of Fas-mediated cell death of EBV-JTO cells 
To study the kinetics of death-receptor-mediated

apoptosis in EBV-JTO cells, we performed cytotoxicity
experiments in time using various concentrations of Fas
antibody or TRAIL to activate the death receptor path-
way. The EBV-JTO cells did not respond to various con-

CTL-induced Fas-mediated apoptosis
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centrations of TRAIL (data not shown) suggesting that
the target cells do not express the receptor for TRAIL.
As shown in Figure 2, in the first 2 hours of exposure to
Fas antibody, no lysis was observed. After 5 hours of
exposure, high concentrations of Fas antibody (≥500
ng/mL) caused 20-30% apoptosis of EBV-JTO cells,
whereas hardly any (0-10%) target cells died in
response to low concentrations of the antibody (≤100
ng/mL). Exposure to Fas antibody for 24 hours resulted
in 60% apoptosis at high concentrations, and also sig-
nificant cell death (~40%) at low concentrations (100
ng/mL) (Figure 2). These data show a correlation
between the concentration of Fas antibody and the rate
of Fas-induced apoptosis.

Elevated FLIP expression efficiently inhibits the
death receptor pathway
To study the role of the death-receptor pathway in

CTL-mediated apoptosis, we introduced a retroviral
construct into EBV-JTO target cells encoding the anti-
apoptotic gene FLICE inhibitory protein (FLIP), which
specifically blocks death-receptor-induced apoptosis.
As a control, target cells were also transduced with an
empty vector (mock). Transduced EBV-JTO cells were
FACS sorted on the basis of NGFR expression, which
resulted in >90% pure populations. Protein expression
of the transduced cell lines was determined to verify
proper translation of the introduced FLIP-encoding con-
struct, as depicted in Figure 3A. 
To test the functionality of the FLIP construct, wild-

type, mock- and FLIP-transduced EBV-JTO cell lines
were exposed for 5 or 24 hours to Fas antibody, and cell
death was determined using the CFSE-based cytotoxi-
city assay (Figure 3B). Enhanced FLIP expression result-
ed in approximately 80% inhibition of lysis induced
with Fas antibody, both after 5 and 24 hours of expo-
sure, compared to wild type and mock-transduced
EBV-JTO cells, illustrating effective inhibition of the
death receptor pathway by FLIP. 

Involvement of the death-receptor pathway in
CTL-mediated killing of EBV-JTO cells 
To determine the importance of the death receptor

pathway in the execution mechanisms of the different
T-cell clones, we tested wild-type, mock and FLIP-
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Figure 1. Kinetics of minor histocompatibility antigen-restricted
CTL-mediated killing of EBV-JTO cells. EBV-LCL cells from patient
JTO (EBV-JTO) were exposed for 2, 5, and 24 hours to the HLA-A1-
restricted CTL clone HY-A1, the B57-restricted CTL clone B57-2
and the Cw6-restricted CTL clone C6-2, in an effector:target cell
ratio of 1:1. Percentages of specific lysis were determined using
CFSE-based cytotoxicity assays, and the mean percentages of
three (HY-A1), five (B57-2) and seven (C6-2) independent experi-
ments are indicated in the figure. 

Figure 2. Kinetics of Fas antibody-induced cell death of EBV-JTO
cells. Mean percentages of lysis, as determined by CFSE-based or
51Cr-release cytotoxicity assays, obtained in four independent
experiments are shown. Percentages of lysis after 2, 5 or 24 hours
exposure to various concentrations of Fas antibody (Fas) are rep-
resented by dashed black lines, solid black lines, or solid gray
lines, respectively. 

Figure 3. Functionality of EBV-JTO cells transduced with the anti-
apoptotic gene FLIP. A. FLIP protein expression of wild-type (WT),
mock-, and FLIP transduced EBV-JTO cells, as determined by west-
ern blot analysis. B. Effective inhibition of Fas-induced apoptosis
in EBV-JTO cells stably expressing FLIP. WT, mock-, and FLIP-trans-
duced EBV-JTO cells were exposed to Fas antibody (500 ng/mL),
and cytotoxicity was determined after 5 and 24 hours of exposure
using a CFSE-based assay. Mean percentages of lysis (±SD) of
three independent experiments are shown.  
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expressing EBV-JTO cells for their sensitivity to CTL
clones HY-A1, B57-2 and C6-2 (described in Figure 1).
Specific lysis was determined after 2, 5 and 24 hours of
incubation with the CTL clones. Lysis of the wild-type
and mock-transduced EBV-JTO cells was identical (data
not shown). In our experiments we, therefore, compared
the lysis of FLIP-transduced EBV-JTO cells with the
lysis of wild type-EBV-JTO cells (Figure 4). Expression
of FLIP did not significantly affect the lysis of the EBV-
LCL by HY-A1, as shown in Figure 4A. Moreover, the
majority of the target cells were killed within 2 hours of
exposure, a period in which Fas-mediated apoptosis
hardly takes place (Figure 2), suggesting that HY-A1-
induced cell death of EBV-JTO is mainly mediated
directly by PFN or PFN/GrB. As illustrated in Figure 4B,
FLIP did not inhibit B57-2-induced lysis of the EBV-LCL
in the first 2 hours of incubation, which correlates with
the absence of Fas-induced cell death in this time inter-
val (Figure 2). In the time intervals in which Fas-
induced apoptosis theoretically plays a role (based on
the results of Figure 2), an inhibitory effect of FLIP was
observed. Significantly lower percentages of lysis of the
FLIP-expressing EBV-JTO compared to the wild-type
EBV-JTO cell line (mean inhibition of 27±19%, p=0.05)

were observed between 2 and 5 hours of exposure to
CTL clone B57-2. Similar results were found in the time
interval from 5 to 24 hours. These data show that the
death receptor pathway plays a role in the execution
mechanisms used by the CTL clone B57-2. Clone C6-2
was not capable of lysing EBV-JTO cells in the first 5
hours of incubation (Figure 1). In the time interval from
5 to 24 hours, 50% target cell death was observed,
which was even higher than that with clone B57-2 in
the same time interval (35%). To investigate whether
this lysis was caused by activation of the death recep-
tor pathway in the target cell, we tested the effect of
FLIP on C6-2-induced cell death after 24 hours of co-
culture. As depicted in Figure 4C, inhibition of the
death receptor pathway by FLIP resulted in significant-
ly decreased cell death (p=0.001) compared to that of
wild-type EBV-JTO cells (mean % inhibition=36±14).

Involvement of PFN/GrB release in CTL-mediated
killing of EBV-JTO target cells
To investigate whether CTL HY-A1, which showed

very fast kinetics of killing, did indeed rapidly secrete
high levels of PFN and/or GrB, staining for intracellular
PFN and GrB was performed. The amounts of PFN and

CTL-induced Fas-mediated apoptosis
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Figure 4. The effect of enhanced
FLIP expression on CTL-mediat-
ed target cell death. Both wild-
type (WT) and EBV-JTO cells sta-
bly expressing FLIP were
exposed to CTL clones HY-A1
(A), B57-2 (B) and C6-2 (C), in an
effector:target cell ratio of 1:1.
Percentages of specific lysis
were determined after 2, 5 and
24 hours of exposure using
CFSE-based cytotoxicity assays.
In the figures, lysis is compared
between WT and FLIP-express-
ing cell lines, and is shown for
three time-intervals: lysis from 0
to 2 hours, lysis from 2 to 5
hours, and lysis from 5 to 24
hours of exposure. Concerning
clone C6-2, lysis in the intervals
0-2 hours and 2-5 hours was
negligible and is not shown in
the figure. Single experiments
are represented in the figure by
gray lines (n=3 for HY-A1, n=5
for B57-2 and n=7 for C6-2).
Mean percentages of lysis of
these independent experiments
are indicated by a bold black
line. Statistical analysis was per-
formed, and p-values are shown
in the figures. Lysis in EBV-JTO-
FLIP was significantly lower than
lysis in EBV-JTO WT if p-values
are ≤0.05. *means that lysis
was significantly higher in the
FLIP-expressing cells than in the
WT cells. 
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GrB present in the three CTL clones after 2 hours stim-
ulation with an irrelevant target cell (JY) compared to
the specific target JTO were determined. We supposed
that upon recognition of a specific target cell, the CTL
release PFN and GrB, resulting in lower amounts of
intracellular PFN and GrB. The differences in PFN and
GrB staining (∆MFI) after specific and non-specific
stimulation of the T cells were calculated and are
shown in Figure 5A and B, respectively. These ∆MFI
values reflect the amounts of PFN and GrB released by
the different T-cell clones within 2 hours of specific
stimulation with EBV-JTO.
In line with our assumption, we found that intracel-

lular levels of both PFN and GrB in HY-A1 cytotoxic T
cells were lower after 2 hours of stimulation with EBV-
JTO cells than after to co-culture with EBV-JY cells, sug-
gesting that HY-A1 released both PFN and GrB in this
time-interval. Compared to the other two CTL clones
HY-A1 secreted the highest amount of PFN, which may
explain why JTO cells are killed within 2 hours by HY-
A1 but not or barely by B57-2 or C6-2. All three clones
secreted remarkable amounts of GrB within 2 hours of
co-culture with EBV-JTO, but without PFN this appar-
ently does not lead to apoptosis of the target cell.

Discussion

In this study, we investigated the role of the death
receptor pathway in CTL-mediated death of human
target cells. To determine the contribution of this slow
execution mechanism, we introduced the anti-apoptot-
ic protein FLIP, a specific inhibitor of the death receptor
pathway. We used CTL clones isolated from a patient
with CML that showed slow (C6-2, Figure 1), interme-
diate (B57-2) and fast (HY-A1) kinetics of killing EBV-
LCL target cells. Concerning the rapidly lysing CTL
clone HY-A1 no involvement of the death receptor
pathway could be demonstrated (Figure 4A). Since
50% of target cells were already killed within 2 hours
of exposure, a time-interval in which HY-A1 was
shown to release PFN and GrB, whereas control exper-
iments indicated that Fas-induced apoptosis did not
occur during this time-interval (Figure 2), we argued
that this CTL clone mainly acted through secretion of
PFN and GrB. In contrast, the EBV-LCL target cells were
at least partially killed via the death receptor pathway
upon exposure to the other two T-cell clones (B57-2
and C6-2), suggesting that this pathway is important in
the execution mechanism of a T cell if not all target
cells have been destroyed by release of PFN/GrB. 
Although cytotoxic T cells can mediate target cell

death via different effector mechanisms, it is still ques-
tionable whether CTL clones preferentially use secre-
tion of PFN and GrB or also use death ligands to kill
human tumor cells.11,12,15-18 Since the kinetics of death
receptor-induced apoptosis is slow compared to that of

PFN-GrB-mediated cell death, we analyzed CTL-medi-
ated target cell death in different time intervals (0-2h, 2-
5h, and 5-24h). We could not use the standard
51Chromium (Cr) release assay,35 because this assay is
hampered by spontaneous release of 51Cr, making it
impossible to analyze cell death in EBV-LCL for longer
than 4-10 hours of incubation. We, therefore,
employed a CFSE-based cytotoxicity assay which can
be used for longer periods of time. Results obtained
with the CFSE assay have been demonstrated to corre-
late well with those obtained with the conventional
51Cr release assay in 4-h incubations.31

To study the contribution of the death receptor path-
way in T-cell-mediated target cell death, we introduced
the anti-apoptotic gene FLIP into the target cell via
retroviral transduction, and demonstrated that
enhanced expression of FLIP caused almost complete
inhibition of Fas-induced apoptosis (Figure 3B). The
inhibitory effect of FLIP was variable when target cell
death was induced with the different CTL clones. No
inhibition was achieved when EBV-JTO cells were
exposed to the very rapidly killing CTL HY-A1. Already
40-50% of target cells were killed within 2 hours of
incubation, which coincided with PFN and GrB release
by HY-A1 (Figure 5). Although besides PFN also high
amounts of GrB were released by CTL HY-A1 after 2
hours of incubation with EBV-JTO, we hypothesize
that these target cells may be killed via a PFN-depend-
ent mechanism of cell death, since PFN has been shown
to induce direct lysis of the target cell.36,37 Although
most of these studies were performed in vitro using non-
physiological concentrations, Simon et al. illustrated in
a murine study, in which CTL that lacked both GrA
and GrB were used, the in vivo importance of direct
PFN-induced lysis.38 We observed that the death recep-
tor pathway plays at least a partial role in the effector

Figure 5. CTL-induced PFN and GrB release.  CTL clones HY-A1,
B57-2, and C6-2 were stimulated for 2 hours with the specific tar-
get EBV-JTO or with an irrelevant target EBV-JY. Intracellular levels
of PFN and GrB were determined in the various CD8+ T cells by
flow cytometry (n=2). MFI values were corrected for background
staining using control IgG antibodies. The differences in PFN (A)
and GrB (B) staining (∆MFI) after specific and non-specific stimu-
lation of the T cells were calculated, and are shown in the figures.
These ∆MFI values reflect the amounts of PFN and GrB released
by the different T-cell clones within 2 hours of specific stimulation
with EBV-JTO.
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mechanism of the CTL that killed its EBV-LCL target
cells after 5 hours of exposure (B57-2) and of the CTL
that were cytotoxic only after 24 hours of incubation
(C6-2). This suggests that the death receptor pathway
is important at a later time point after T cell-target cell
interaction if not all cells have been destroyed by
immediate release of PFN/GrB. 
Two of the three T-cell clones used in this study (B57-

2 and C6-2) were isolated from a patient (JTO) during
the clinical response after a second donor lymphocyte
infusion.30 Analysis of the reactivity of the different
CTL clones against different subsets of bone marrow
cells from the patient revealed that B57-2 lysed only
monocytic cells of the patient, whereas C6-2 was capa-
ble of lysing both monocytic and mature myeloid cells30

(data not shown). The authors showed that resting B and
T cells and immature CD34-positive cells representing
bone marrow progenitor cells were not or only margin-
ally recognized by these T-cell clones. The T-cell clone
HY-A1 recognized all target cell populations. Since both
B57-2 and C6-2 CTL clones were capable of rapidly
killing monocytes of patient JTO30 (data not shown), we
postulate that the differential kinetics of killing EBV-
LCL of the same patient by these two CTL clones may
be caused by differences in the strength of interaction
between effector and target cells. We hypothesize that
Cw6-restricted CTL clones recognize minor antigens
highly expressed on monocytes, but poorly expressed
on EBV-LCL from the patient resulting in a low avidity

interaction between the T-cell receptor and
MHC/peptide complex. In the case of a low avidity
interaction between the T-cell receptor and
MHC/peptide complex, the CTL probably releases
only low amounts of PFN and GrB, as illustrated for
C6-2 in Figure 5, but may still activate the death recep-
tor pathway, causing slow elimination of the target cell.
The strength of triggering of the Fas-receptor on the
target cell may determine the kinetics of the apoptosis
induction, as was also illustrated by the correlation
between the concentration of Fas antibody used to
induce target cell death, and the rate of Fas-mediated
apoptosis (see Figure 2). 
In conclusion, in this study we demonstrate that not

only PFN/GrB release but also the death receptor path-
way plays a role in the execution mechanism of cyto-
toxic T cells derived from a patient with chronic
myeloid leukemia. 
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