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ABSTRACT 

While being instrumental in the treatment of leukemic relapse after allogeneic hematopoietic stem cell transplantation, 
the impact of donor lymphocyte infusion (DLI) and its effectiveness remain debatable. Consequently it is widely ac-
cepted that more efforts are needed in order to make DLI more effective. This communication thus deals with the gen-
eration of specific CTLs in the clinical setting of HLA matched hematopoietic stem cell transplantation, to be used as an 
improved DLI treatment for post-transplantation relapsed leukemias. We assessed the potential of fused dendritic cells 
from donor origin, with leukemic cells from the HLA matched recipient for the generation of donor anti-tumor CTLs. 
Leukemic cells and donor dendritic cells were fused using polyethylene glycol (PEG). The hybrids were analyzed for 
double phenotype of both DC and tumor, and used for the education and generation of cytotoxic donor lymphocytes. 
Results demonstrate that efficient and specific CTLs can be generated and used in vitro for the elimination of the re-
cipient tumor cells. These results form the basis for the establishment of a novel methodology aimed at generating ac-
tive or passive anti-leukemic vaccine in relapsed patients. 
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1. Introduction 

Cancer immunotherapy is hampered by the fact that tu-
mor specific antigens are either unknown, non-immuno- 
genic or that the tumor develops means to evade the host 
immune response [1-3]. In attempting to circumvent 
these obstacles, novel approaches of cancer immunothe- 
rapy based on the development of potent tumor vaccines 
are extensively explored [4]. The use of dendritic cells 
(DCs), in that respect, has recently gained a remarkable 
momentum, both in pre-clinical and clinical settings [5- 
8]. 

Dendritic cells are potent antigen presenting cells 
(APCs) due to the expression of MHC I/II, co-stimulatory 
and adhesion molecules that provide secondary signals 
for the generation of primed T cells [9-11]. The introduc-
tion of tumor specific antigens into dendritic cells leading 
to the generation of cytotoxic T Lymphocytes (CTLs) 
against malignant cells has already been proven to be 
effective [4,12]. Thus, DCs can be pulsed with liposomal 
DNA, tumor cells or apoptotic cell fragments, peptides 

eluted from tumor cells, membranes, lysates, RNA and 
more [13-18]. Such strategies have generated positive in 
vitro immune responses directed against the relevant tu-
mor cells. Nevertheless a more promising approach to the 
induction of primary anti-tumor immunity is through the 
generation of fusion between tumor cells and DCs [13,6] 
that use primarily whole tumor cells as the source of 
pulsing antigen. Indeed, cancer immunotherapy by DC/ 
tumor cell fusion hybrids using solid carcinoma cells, in 
mouse models or in vitro with human cells such as breast 
and ovarian carcinoma, has been shown to elicit potent 
anti tumor effects via the induction of immune responses 
against multiple tumor-associated antigens [14,19-21]. 

The therapeutic potential of tumor-DC fused cells has 
been tested in phase I/II clinical trials in patients with 
melanoma and breast cancer [19,22]. The results demon-
strated the safety of the vaccine although the therapeutic 
efficacy of such a procedure was shown to be variable 
but promising.  

Immunotherapy of hematological malignancies such as 
myeloid leukemias is of particular complexity since very 
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few tumor antigens are known in those tumors [6,23]. 
Presently, the most clinically meaningful immunothera- 
peutic modality in hematological malignancies remains 
allogeneic stem cell transplantation followed, upon re-
lapse, with the administration of allogeneic, donor de-
rived T lymphocytes (DLI), aiming to generate a clini-
cally significant graft-versus-leukemia (GVL) response 
[24-31]. Although effective in the chronic phase of chro- 
nic myelogenous leukemia (CML), DLIs have been of 
limited effectiveness in patients with other hematological 
malignancies, such as ALL principally due to the high 
proliferative rate of the tumor cells and their relative re-
sistance to immunotherapy. Hence, additional approa- 
ches to improve DLI effectiveness are necessary. These 
may include the use of immunomodulatory cytokines, ex- 
vivo priming of the donor lymphocytes to the relevant 
tumor antigens and infusion of alloreactive NK cells (re-
viewed by Soiffer 2008) [32]. 

The use of DC-tumor hybrids has also been assessed in 
hematological malignancies, holding promise as a cellu-
lar vaccine for some of them [33,7,34]. For example, the 
fusion of AML myeloblasts and autologous DCs [7] or 
myeloma cells and allogeneic dendritic cells [34], were 
demonstrated to generate in vitro potent cytotoxic lym-
phocytes. 

Nevertheless, the DC-tumor hybrid approach in HLA- 
matched allogeneic stem cell transplantation has never 
been assessed, particularly in the context of post relapse 
DLI treatment. It is expected that such a procedure may 
lead to the induction of very potent anti tumor CTLs se-
lected in vitro for no-GVH activity. In addition, these 
fused cells could also serve as active and potent cell vac-
cine for pre-emptive immunization of patients at high risk 
for relapse. These issues represent the subject matter of 
our research and communication. 

2. Materials & Methods 

The study was approved by the Institutional Helsinki 
committee, and appropriate informed consents were ob-
tained from all patients and healthy donors. 

Collection of cell samples 
Leukemia cell samples from blood or bone marrow 

were obtained from newly diagnosed patients with acute 
leukemia treated in our department. Peripheral blood 
lymphocytes were collected form their prospective ma- 
tched HLA donors by direct venipucture or collected by 
lympho-pheresis (COBE Spectra, COB BCT, Lakewood, 
CO USA). 

Mononuclear fractions were isolated using Ficoll-Hy- 
paque (FH) separation, washed and cryopreserved in liq-
uid nitrogen (using 10% DMSO as cryo-protectant), ac-
cording to the standard method. If needed, a positive se-
lection of leukemic cells with the relevant membrane 

marker beads (such as CD34) was performed in order to 
obtain a pure population of leukemic cells. 

Preparation of immature DCs in vitro  
Immature donor dendritic cells were derived from the 

mononuclear fraction by magnetic beads purification of 
CD14 positive cells using the Miltenyi MS-MACS isola-
tion column (Miltenyi Biotec, Bergisch Gladbach, Ger-
many). This enriched population was assessed for purity 
using standard flow-cytometry technique. Purified mo-
nocytes were cultured in 6 well plates (TPP, Zollikofen, 
Switzerland), 2 × 106 cells/3 ml RPMI 1640 supple-
mented with 1% L-Glutamine, 1% antibiotics mix (Pen- 
strep, Biological Industries, Bet-Haemek, Israel), 5% 
autologous serum, GM-CSF (200 units/ml) and IL-4 (500 
units/ml) (R&D Systems, Minneapolis, USA), for 7 days. 
Half feeding with cytokines was performed every two 
days. The DCs collected from these cultures following 
the induction with the cytokine mixture, were further 
analyzed by flow-cytometry using markers characteristic 
of DC (see below). 

Preparation of DC-leukemia cell hybrids  
Dendritic – leukemia cell hybrids were generated by 

fusion as described by [20] using the chemical mem-
brane-destabilizing polyethylene glycol (PEG, Roche 
Diagnostics, Mannheim, Germany). Cells were mixed at 
1:1 ratio in 2 ml serum free RPMI 1640 in the presence 
of 50% PEG, for 5 min at room temperature. Cells were 
washed in serum free medium, resuspended in culture 
medium composed of RPMI 1640 supplemented with 
10% heat inactivated FCS, 1% L-Glutamine, 1% antibi-
otics mix, 500 u/ml GM-CSF and cultured for 7 days in 6 
well plates. 

Maturation of DC-leukemia hybrid 
Fused DC-tumor cells were subjected to maturation 

using a mixture of cytokines: TNF- (100 ng/ml), IL-6 (1 
g/ml), IL-1 (50 ng/ml) (Peprotech, New Jersey, USA) 
and PGE2 (1 g/ml, Cayman Chemical, Michigan, USA) 
for 3 days in culture medium. Maturation was assessed 
by flow-cytometry using the specific mature DC marker 
CD83 (Becton Dickinson, San Jose, CA, USA). After 
maturation, the fused cells were irradiated (3000 cGy) 
and used as stimulators for the generation of the specific 
CTLs. In addition dendritic cells alone were cultured in 
the presence of the same cytokines and used as controls. 

Phenotype analysis 
2 × 105 cells were used for phenotypic analysis using 

fluorescein isothiocyanate (FITC)-conjugated monoclo- 
nal antibodies (mAbs) against CD86, major histocom-
patibility complex (MHC) class I, II, and phycoerythrin 
(PE)-conjugated mAbs against CD14 (DAKO, Glostrup 
Denmark) and CD83 (Becton Dickinson, San Jose, CA, 
USA). For tumor cells and DC-tumor hybrids analysis 
and CTL characterization, cells were stained respectively 
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with mAbs against CD15, CD13 (DAKO) and CD34 
(Becton Dickinson, San Jose, CA, USA), or with anti 
CD3, CD4 and CD8 (DAKO). Cells were incubated with 
antibodies for 30 min at 4°C, washed in phosphate-bu- 
ffered saline (PBS, Bet Haemek) and resuspended in 300 
l PBS/sodium azide (0.02%, Sigma Aldrich, Steinheim, 
Germany) for analysis using the FACSCalibur flow-cyto- 
meter system (Becton Dickinson, San Jose, CA, USA). 
Appropriate isotype-matched control mAbs were also 
used. 

Fusion analysis 
Fluorescent dye staining 
The immature DCs and leukemic cells were labeled 

with membrane fluorescent dye PKH 67 (green fluoro-
phore) and fluorescent dye PKH 26 (red fluorophore) 
respectively, purchased from Sigma (Aldrich, Steinheim, 
Germany). The two cell populations were then fused as 
detailed above. After fusion, the cells were assessed for 
fusion efficiency by flow-cytometry. Double positive 
cells were recorded as hybrids. In addition, fluorescence 
microscopy analysis was performed on stained DC and 
tumor cells, as well as on the hybrids. The appearance of 
yellow fluorescence was characteristic of fused cells 
(Olympus BX52 fluorescence microscope equipped with 
green, red and Tric filters). 

Cytogenetic FISH analysis 
FISH analysis was performed with a Vysis® LSI® 

BCR/ABL Dual Color Translocation Probe (VYSIS, 
Downers Grove, Illinois U.S.A.). The BCR/ABL probe is 
a mixture of the LSI ABL probe labeled with Spectru-
mOrange and a BCR probe labeled with spectrumGreen. 
FISH was performed according to the manufacturer's 
instructions (VYSIS Inc.). 

Generation of CTLs 
Donor peripheral blood lymphocytes were purified us-

ing FH gradient and added to irradiated DCs-leukemia 
hybrids at a ratio of 3:1.  

As a control, the lymphocytes were co-cultured with 
the irradiated unfused DCs and irradiated tumor cells 
alone, for 21-24 days. After one week of co-culture and 
every two days thereafter recombinant IL-2 (20 u/ml) 
(R&D Systems, Inc. Minneapolis, USA) was added to all 
cultures. In addition, same amount of stimulatory tumor 
cells, DCs and hybrids were added once a week.  

CTL activity and specificity assessment 
CTLs derived from the different co-cultures as well as 

unstimulated donor PBLs were tested for their cytotoxic-
ity against the patient leukemic cells or third party speci-
ficity control tumor cells, using the Lacto-dehydrogenase 
(LDH) cytotoxicity assay (LDH Cytotoxicity Detection 
Kit, Roche, Penzberg, Germany) in several effector:target 
cell ratios.  

Briefly, 5 × 104 tumor cells were incubated in a 96- 

well flat bottom plates with the effectors at different ra-
tios for 4 hours at 37°C 5% CO2. Then, the cells were 
processed as instructed by the manufacturer. Controls 
included medium, CTLs and tumor target cells for spon-
taneous and maximal release of LDH. 

3. Results 

Peripheral blood or bone marrow samples containing at 
least 90% leukemic cells were obtained from newly diag-
nosed AML and ALL patients. Tumor cells were detected 
primarily as an abnormal population upon CD45-side 
scatter FACS analysis. The gated tumor population was 
further analyzed for specific membrane markers such as 
CD15, CD7, CD19, CD34, and CD13, prior to freezing.  

Peripheral mononuclear cells (MNC) from the pro-
spective HLA-matched (A, B, C, DR and DQ) donors 
were frozen prior to any transplantation-related manipu-
lation. These cells were used both a source of dendritic 
cells and of future CTLs. 

3.1. Isolation and Purification of DCs 

CD14 positive monocytes, positively selected by immu-
nomagnetic beads from the mononuclear cells of the 
prospective selected donor, were cultured in the presence 
of human IL-4 and GM-CSF for 7 days. The immature 
DC’s thus generated, were analyzed by flow cytometry 
for specific membrane markers. Results shown in Figure 
1, demonstrate one representative experiment in which 
the membrane markers typical to immature DC’s, i.e., 
high expression of CD1a, CD86 and HLA, together with 
lack of CD14 and CD83 was evident.  

3.2. Hybrids Generation 

The tumor cells were thawed and assessed for viability 
and number as detailed in M & M.  

Next, tumor cells and donor immature DC were mixed 
at 1:1 ratio in the presence of PEG for 5 min. Prior to 
mixing, a small number of cells were stained with mem-
brane fluorescent dyes, the DC in green (PKH2) and the 
tumor cells in red (PKH26), in order to assess proper 
fusion, as detailed below. Fusion of these cells was per-
formed separately, under same conditions. 

Cells were then washed and cultured for 7 days in the 
presence of GM-CSF. Fusion efficacy was assessed ac-
cording to several parameters.  

Validation of fusion 
Detailed below are several methods utilized to confirm 

the fusion of the dendritic and leukemia cells. 
Flow cytometry 
Double staining of membrane fluorescent dye, PKH2 

and PKH26 by flow cytometry: A representative experi-
ment is shown in Figure 2(a) in which about 35% of the 
analyzed cells were found to express both colors. In  
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Figure 1. Phenotype analysis of dendritic cells: FACS analysis of dendritic cell surface markers using specific monoclonal 
antibodies (bold line) and isotype controls (dot line). Immature dendritic cells obtained following cytokine induction for 7 
days are shown. Histograms demonstrate negative expression of CD14 and CD83 and positive expression of CD1a, CD86, 
HLA class I and II. 
 

  
 (a) 

Hybrids

Donor’s DCs

Leukemic cells

       Dapi stain         
(b)                                    (c)                         (d) 

Figure 2. Validation of fusion between leukemic cells and normal HLA matched DCs. (a) Assessment of fusion by im-
munofluorescent membrane dye. Leukemic cells from a Ph+ ALL patient stained with PKH26 red fluorophore (left histogram) 
and DCs from his matched donor stained with PKH2 green fluorophore (right histogram). Bold lines represent the stained 
cells; dot lines histograms represent unstained cells. Dot plot analysis on the right panel shows double positive PEG induced 
hybrids. As shown, 35% of the cells in the mixed culture consisted of dendritic-tumor hybrids. Comparable results were ob-
tained using AML cells; (b) Fluorescence microscopy of the DC-tumor hybrid cells: Microscope (Olympus BX52 fluorescence 
microscope) picture of cells from Figure 2(a) above. Same field was analyzed under 3 different filters (green, red and TRITC 
U-M61002). Upper right: red filter showing PKH26 stained tumor membrane, lower right: green filter showing PKH2 
stained dendritic cell membrane. Left picture: TRITC filter showing the yellow combination of the hybrid membraneIdenti-
cal results were obtained using AML and ALL cells; (c) Fluorescence microscopy of an ALL-DC hybrid. Figure 2(c) demon-
strates one cytoplasm containing two different nuclei visualized by Dapi stain. Identical results were obtained with AML cells. 
(d) FISH analysis of Ph+ ALL-DC fused cells: Chromosome 9 specific ABL probe (red-orange fluorescence) and chromosome 
22 BCR specific probe (green fluorescence) were used in order to visualize the chromosomes and the 9; 22 translocation (yel-
low fluorescence). Note normal cytogenetic picture on the left nucleus showing two 9 and two 22 chromosomes, while the 
right nucleus demonstrates the yellow 9; 22 translocation and one separate chromosome 9 and one separate chromosome 22. 
 
about five consecutive experiments an average of 36% of 
the cells were found to be double positive as statistically 
expected from a 1:1 (DC-tumor) ratio. A fluorescence 
microscopy of the fused cells was also conducted. This is 
shown in Figure 2(b), in which the red and green fluo-

rescence are demonstrated to yield a yellow light emis-
sion in presumably fused hybrid cells.  

The tumor-fused DC cells were induced to mature us-
ing a cocktail of TNF, IL1-, IL-6, PGE2, GM-CSF and 
IL-4, for 2 days. The maturation of the dendritic tumor 
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fused cells was validated by the appearance of CD83. 
Occasionally, the co-expression of CD83 and of a tumor 
aberrant membrane marker such as CD15 or CD13 was 
also monitored by FACS analysis (data not shown). 

Cytogenetic FISH analysis  
Cells from the fused cultures were applied on micro-

scope slides and stained with DAPI in order to visualize 
the nuclei. Numerous cells containing two nuclei were 
readily detected in the cultures as shown in Figure 2(c). 
These experiments were performed with both ALL and 
AML cells with comparable efficiency and success. In 
order to identify the origin of the nuclei in the fused cells 
other slides were processed for FISH analysis as de-
scribed above. Note that cytoplasm can not be visualized 
under the FISH staining protocol.  

FISH based cytogenetic analysis was performed mak-
ing use of the BCR-ABL translocation in Ph+ ALL pa-
tients. This is demonstrated in Figure 2(d). The picture 
demonstrates a fused cell that contained two nuclei: one 
nucleus containing two chromosomes 9 (red color) and 2 
chromosomes 22 (green color); the second nucleus con-
taining one chromosome 9, one chromosome 22 and a 
translocated 9-22 chromosome (yellow color). 

3.3. CTL Generation 

At the end of the maturation process, the tumor-DC fused 
cells were co-cultured with the donor mononuclear cells at 
a ratio of 10:1 MNCs: DC-tumor hybrid cells for 21-24 
days. As controls, donor’s mononuclear cells were also co 
cultured with autologous mature DC’s alone and with the 
tumor cells alone (same tumor used for the fusion). 

At the end of the incubation period, educated mono-
nuclear cells were collected, washed and analyzed for 
cell phenotype. Cells were stained for membrane expres-
sion of CD3, CD4, and CD8. As shown in the left panel 
of Figure 3 (representative experiment), most of the 
CD3 positive lymphocytes did not survive in the DC and 
tumor cultures and only about 20-30% of those cultures 
were CD3 positive cells. It should be noted that in these 
two groups, cell viability was very poor in comparison to  
Mononuclear cells were collected and stained for CD3- 
APC, CD4-PE and CD8-FITC and appropriate isotype 
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Figure 3. Phenotype analysis of mononuclear cells co- 
cultured with dendritic cells, AML leukemic cells or DC- 
tumor hybrids for 21 days.  

controls. Cells were analyzed by FACS immunofluores- 
cence. Bars represent the ratio of CD3 positive cells from 
the total number of cells in the cultures (left) and the 
percent of CD4 and CD8 positive cells from the CD3 
positive ones in the various groups (middle and right).the 
hybrid group. Moreover, in the hybrid group 60% of the 
cells were CD3 positive and in this co-culture, a prefer-
ential induction of CD3 CD8 double positive cells was 
observed whereas CD3 positive CD4 positive cells were 
found in equal proportion in the three groups. 

As shown, in the DC and tumor groups, most of the 
CD3 positive cells detected were not CD8 positive cells 
Thus, CD3 CD8 double positive cells, characteristic to 
CTL phenotype, were generated exclusively in co-cul- 
tures of donors mononuclear cells with the tumor-donor 
DC hybrids.  

3.4. Cytotoxicity Assays 

The cultured donor CTLs were assayed for cytotoxicity 
against their relevant AML patient target cells. In pre- 
liminary experiments, the ratio of co-culture was cali- 
brated. Educated mononuclear cells were cultured with 
the tumor cells at various ratios. The cytotoxicity was 
assessed by LDH release as shown in Figure 4(a). The 
results demonstrate clearly that the education of the 
CTLs on the hybrids generated the highest cytotoxic  
effect and that the optimal killing was observed at the 
50:1 ratio. This ratio was further used in all coming ex-
periments. 

Figure 4(b) demonstrates the percent of tumor cells (3 
AML and 1 ALL patients) killed by the educated CTLs 
in four consecutive experiments, using four different do- 
nors and their matched HLA recipient pairs. Up to 32% 
of the tumor cells were found to be killed by the CTLs 
educated on the hybrids as opposed to only 0-15% or 
1-2% in the controls. 

A limited specificity study was initiated with the use 
of an unrelated tumor of the same histological type 
(AML). This is shown in Figure 5 in two consecutive 
experiments. The results clearly demonstrate that the 
CTLs generated against the relevant tumor cell-DC hy-
brids were not cross reacting against irrelevant, unrelated 
leukemia cells. In addition, no cytotoxicity could be de-
tected in the mononuclear cell population prior to educa-
tion on the DC-tumor hybrids. 

4. Discussion 

The primary massage of this communication concerns 
the proof of concept related to the in vitro generation of 
tumor specific CTLs educated on DC-tumor hybrids in 
an HLA matched setting. This has never been attempted 
before. 

The therapeutic options for patients that relapse with  
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Figure 4. Cytotoxic activity of HLA-matched donor CTLs. 
(a) Calibration of LDH release for optimal E:T ratio: CTLs 
of the donor (originally PBLs) generated against DC, tumor 
cells or DC-tumor hybrids were assayed for cytotoxicity 
against tumor cells upon incubation for 4 hours in 96 well 
plates at 37oC. At the end of the incubation, cultures were 
processed as instructed by the manufacturer of the LDH 
Cytotoxicity Detection Kit. Lines represent O.D. of LDH 
released at the different ratios in the different groups; (b) 
Anti tumor cytotoxicity of HLA-matched CTLs: Four sepa-
rate cytotoxicity assays using four different donor-patient 
sets at 50:1 E:T ratio, were performed. The killing of the 
tumor target cells by the CTLs generated on DC, tumor, 
DC-tumor hybrids was calculated specifically as instructed. 
Bars represent the percent of tumor cells killed by CTLs in 
the various groups. 
 
leukemia after allogeneic stem cell transplantation are 
limited and their overall prognosis is poor. At an early 
stage of the relapse, cell-mediated immunotherapy with 
donor lymphocytes (DLI), aimed to induce a potent 
graft-versus-leukemia (GVL) effect, is most commonly 
used [25,28,29,35-37]. This methodology however, has 
certain significant drawbacks. First, the immune cells 
injected are naïve and therefore are expected to undergo 
tumor priming in vivo. This process may not be suffi-
ciently efficient and the leukemic process may outgrow 
the GVL effects. Second, the in vivo priming may not be 
restricted to the tumor antigens only. Indeed, an unde- 
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Figure 5. Specificity of hybrid-stimulated CTLs. CTLs were 
generated on DC-AML hybrids and assayed for cytotoxicity 
on the same AML target cells used for the hybrid genera-
tion, or AML cells derived from a different patient (HLA 
unmatched). Unstimulated PBLs (designated in the figure 
as PBL) from the same donors were assayed for cytotoxicity 
in the same experiments. Two different donor-patient ex-
periments are shown. (Cytotoxic assay as described in leg-
end to Figure 4). 
 
sirable graft versus host (GVH) response is often ob-
served after DLI [38,39]. Third, the donor lymphocytes 
infused, not being properly manipulated, may also con-
tain regulatory, suppressor cells [40]. Several investiga-
tors have indeed tried to manipulate the DLI prior to its 
infusion for better and more specific anti-leukemic effect. 
For example, depletion of CD8 positive cells [41,42], 
activation of donor T cells with anti-CD3 and anti-CD28 
coated beads [43], ex vivo insertion of suicide genes into 
donor T cells prior to DLI [44]. Others have used donor 
NK cells alloreactivity in matched and mismatched he-
matopoietic transplants [45,46]. Accordingly the main 
concern of the present study is the development of an 
additional, improved methodology for the use of DLI 
immunotherapy.  

Administration of autologous or allogeneic cytotoxic 
T lymphocytes, generated by co-stimulation with den-
dritic-tumor cell hybrids, tailored to present the putative 
tumor specific antigens for each individual patient, was 
already proven to be effective in other malignancies such 
as prostate cancer and melanoma, as well as in the treat-
ment of post-transplant CMV infections [47-49].  

Tumor-specific DLIs are likely to be the most effec-
tive method of immunotherapy to achieve a maximal 
GVL activity. The aim of our study was to induce in vi-
tro a potent donor anti-leukemia cytotoxic T lymphocyte 
(CTL) response, utilizing HLA-matched dendritic-leu- 
kemia cell hybrids. These leukemia-specific donor CTLs 
are intended to treat patients with post-transplant re-
lapsed leukemia, after HLA-matched allogeneic stem cell 
transplantation. 

Our results show that such in vitro response is indeed 
attainable, and that the DC-tumor fusion approach is fea-
sible when the CTLs and the tumor are HLA (A, B, C, 
DR, DQ) matched.  
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Elicitation of CTLs across HLA-matched partners was 
also demonstrated using DC-tumor cell mixing in vitro 
without fusion [15,17] or even directly by exposing do-
nor CD8 cells to patient leukemic cells [50]. Neverthe-
less, it has been strongly suggested by numerous groups 
that methodology using hybrid cell generation of DCs 
and tumor cells is more effective in treating malignancies 
and even metastatic cancer [5,20,51-54]. 

The stimulatory antigens as well as the target antigens 
responsible for the CTL induction and activity shown 
here are largely unknown. We presume that these are 
tumor specific entities but the involvement of minor his-
tocompatibility antigens can not be excluded. For thera-
peutic purposes it will be vital to identify the specific 
CTL clones directed against tumor antigens and “nor-
mal” antigens, for example expressed by fibroblasts of 
the same patient as also suggested by Montagna and 
Falkenburg [17,50,55]. Characterization of such clones 
could be then followed by an isolation and expansion of 
the appropriate CTLs to be injected to patients.  

The other alternative would be to administer the DC- 
tumor cell hybrids with or without the “classical” naïve 
DLI. Injection of such hybrids has already proven effec-
tive in certain solid tumors, although in these cases the 
DCs were either autologous or derived from a third party 
donor [56] to the tumor. 

The validation process of the fusion efficiency was 
achieved by a number of methodologies to ensure that 
the PEG mediated fusion generated the appropriate cell 
composition. This is particularly important since cell 
aggregates and not genuine fused cells are sometimes 
induced in the absent of PEG.  

It should be noted however that the only way to maxi-
mize the probability to obtain the appropriate hetero- 
fusion (that is a dendritic cell and a tumor cell) is to start 
with a pure tumor cell population, although irrelevant 
fusions of cells cannot be prevented completely. In that 
respect, Shu et al. have recently formulated a provoca-
tive statement about the lack of evidence for heterokary-
onic fusion cell formation in various clinical trials and 
publications. They claim that the evidence for such cell 
formation was not definitive and this fact resulted maybe 
in a misconception about the low efficacy of fusion hy-
brid vaccine. They believe that conclusions drawn from 
reported clinical trials have not properly evaluated the 
efficacy of the vaccine and therefore they neither con-
firm nor disclaim the potential benefits that may be de-
rived from this form of immunotherapy [57]. 

The CTL activity itself, as assessed by the LDH re-
lease assay, was found to be effective and specific, based 
on a number of experiments performed. It should be 

noted that we obtained about 30% killing of the tumor 
cells. We think that this represents an underestimate of 
the actual number of the tumor cell eliminated by the 
CTLs because the LDH assay might not be specific 
enough, due to the spontaneous release of LDH by the 
effector cells themselves, especially when high numbers 
are employed. 

In some of the experiments a low but significant rate 
of tumor cell killing was obtained following the educa-
tion of CTLs on dendritic cells alone. We speculate that 
this could be due to the induction of NK activity in the 
PBL’s exposed to autologous dendritic cells. We cannot 
exclude at this point that the direct exposure of lympho-
cytes to autologous DC’s, may lead to the induction of 
low non-specific cytotoxic activity. It should be noted 
however, that the exposure of the same lymphocytes to 
the tumor cells only, in the same experiments, did not 
lead to any cytotoxic effect. In this respect, as shown 
here the co-culture of PBLs with DCs or with tumor cells 
did not result in the induction of CD8 positive cells as 
opposed to the high CD8 generation following the co- 
culture of PBLs with the hybrids. No preferential genera-
tion of CD4 cells was observed. 

Our primary objective was to develop an improved 
DLI source for active and specific allogeneic cell immu-
notherapy for post-transplant leukemic relapse in an 
HLA matched setting. The technology needs to be fur-
ther developed but the in vitro feasibility demonstrated in 
this study seems promising. 
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