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ABSTRACT
Accumulating evidence support an important role for endogenous bystander dendritic cells (DCs) in the
efficiency of autologous patient-derived DC-vaccines, as bystander DCs take up material from vaccine-DCs,
migrate to draining lymph node and initiate antitumor T-cell responses. We examined the possibility of using
allogeneic DCs as vaccine-DCs to activate bystander immune cells and promote antigen-specific T-cell responses.
We demonstrate that human DCs matured with polyI:C, R848 and IFN-g (denoted COMBIG) in combination with
an infection-enhanced adenovirus vector (denoted Ad5M) exhibit a pro-inflammatory state. COMBIG/Ad5M-
matured allogeneic DCs (alloDCs) efficiently activated T-cells and NK-cells in allogeneic co-culture experiments.
The secretion of immunostimulatory factors during the co-culture promoted the maturation of bystander-DCs,
which efficiently cross-presented a model-antigen to activate antigen-specific CD8C T-cells in vitro. We propose
that alloDCs, in combination with Ad5M as loading vehicle, may be a cost-effective and logistically simplified DC
vaccination strategy to induce anti-tumor immune responses in cancer patients.
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Introduction

As cancer vaccines, patient-derived, ex vivo-modified dendritic
cells (DCs) aim to induce tumor-specific T-cell immunity by
direct education of na€ıve T-cells against tumor-associated
antigens (TAAs).1 Although proof-of-principle was observed
for DC vaccines in several clinical studies, clinical responses are
yet suboptimal.2 Variable clinical outcomes seem to correlate
with the activation status of the vaccine DCs, it is important to
optimize and standardize the production of DC-vaccines capa-
ble to induce T-helper type-1 (Th1)-polarized immune
responses.2,3 Interestingly though, recent findings indicate that
ex vivo-modified vaccine DCs require help from endogenous
bystander-DCs to prime CD8C T-cell specific immunity.4,5

This indirect priming of bystander-DCs has been found from
many to be highly dependent on the active secretion of immune
cell-recruiting pro-inflammatory factors.5,6

Immature monocyte-derived DCs could secrete substan-
tial amounts of Th1 cytokines and chemokines when stimu-
lated by a cocktail of stimuli, such as Toll-like receptor
(TLR) ligands and IFN-g.7,8 Additionally, allogeneic
DCs (alloDCs) though not able to function as direct pre-
senters, can create through the alloreaction an enriched
milieu of Th1 inflammatory cytokines and sensitize imma-
ture bystander-DCs.9 Thus, we hypothesized and examined
the use of pro-inflammatory alloDCs as immune enhancers
in order to create a strong, bystander-DC stimulating milieu
with concomitant activation of NK-cells and antigen-specific
CD8C T-cells.

Materials and methods

Cell lines

The 911 cells (Crucell) were cultured in DMEM supplemented
with 10% heat-inactivated FBS, 1% penicillin/streptomycin
(PeSt) and 1% sodium pyruvate. K562(Luc), A549(pp65) and
T2 cells (ATCC) were cultured in RPMI-1640 supplemented
with 10% heat-inactivated FBS, 1% PeSt and 1% HEPES. All
components and culture media were from Thermo Fisher Sci-
entific. K562(Luc) cells were engineered with a lentivirus vector
to express firefly luciferase and A549(pp65) cells to express the
cytomegalovirus (CMV)-pp65 antigen. All cells were cultured
in a humidified incubator with a 5% CO2 atmosphere at 37�C.

Production of the recombinant virus

The Ad5M vector was constructed and produced as previously
described.10 Ad5M is an E1-deleted human adenovirus serotype-5
(Ad5) vector with fiber shaft and knob from serotype-35 and a
hexon modification to enhance transduction efficacy.11 Ad5M
does not encode any transgene. Titers were determined by quanti-
tative PCR as encapsidated virus genomes (evg) per ml.11

Isolation of human PBMCs and generation of DCs
and NK-cells

Buffy coats from healthy donors were obtained from the blood
bank at the Uppsala University Hospital, Uppsala, Sweden.
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PBMCs were isolated by Ficoll-Paque Premium separation
(GE Healthcare Life Science) and cultured in RPMI-1640
supplemented with 10% heat-inactivated FBS, 1%PeSt, 0.5%L-
glutamine, 1%HEPES and 20 mM b-mercaptoethanol (DC
medium).

Generation and treatment of DCs. Monocytes isolated from
PBMCs by CD14C positive magnetic selection (Miltenyi Biotec)
were differentiated to immature DCs (imDCs) using 20 ng/mL
human IL-4 and 100 ng/mL GM-CSF (Gentaur) for 5 days.
Medium was replaced every 2 days. On day 5, cells were either
left untreated (imDCs) or matured for 18 h with a cocktail of
maturation stimuli.7,8 consisting of 2.5 mg/mL R848 (Invivo-
Gen), 20 mg/mL polyinosinic:polycytidylic acid (polyI:C)
(Sigma-Aldrich) and 1000IU/mL IFN-g (Shenandoah Biotech-
nology). This maturation cocktail was named “Combined Toll-
like receptor ligands with IFN-g” (COMBIG). DCs matured
with COMBIG used as allogeneic stimuli are referred to as allo-
COMBIG-DCs. Immature DCs treated with Ad5M (2000 evg/
cell) for 18 h are referred to as allo-Ad5M-DCs while allo-
COMBIG/Ad5M-DCs were treated with both COMBIG and
Ad5M for 18 h. After washing, cells were further cultured in
fresh DC medium.

Generation of NK-cells. NK-cells were isolated from PBMCs
by negative magnetic selection (Miltenyi Biotec) and cultured
in DC medium.

Human Cytokine array and Cytokine release assay

Supernatants from DC cultures (2.5–5 £ 105 cells/well in 48-
well plates) were collected. The Proteome ProfilerTM Human
Cytokine Array Kit, Panel A (R&D Systems, Inc.) was used to
screen for different cytokines and ELISA kits were used to vali-
date the expression of IL-12p70 (Mabtech), IL-6 (BioLegend)
and CXCL10 (BioLegend).

Flow cytometry

Human DC phenotyping. Anti-CD1a-BV510 (BD Biosciences),
anti-CD14-APC/Cy7, anti-HLA-DR-perCP (MHC class II),
anti-CD40-FITC, anti-CD80-PE, anti-CD83-APC and anti-
CD86-BV421 were used to evaluate the DCs.

Activation of NK-cells and T-cells in allogeneic mixed leuko-
cyte reaction. AlloDCs were co-cultured with PBMCs from
unrelated donors at ratio 1:5 (alloDCs:PBMCs) or NK-cells at
ratio 1:1 (alloDCs:NK-cells). Activation was assessed 24 h later
by flow cytometry with anti-CD3-FITC, anti-CD56-APC and
anti-CD69-BV510. ELISA was used for the detection of IFN-g
(Mabtech) in the allogeneic co-culture supernatant (allo-SN).

Inflammasome activation. The activation of inflammasome
was assessed by a novel flow cytometric method described by
Sester et al.12 Briefly, alloDCs were prepared as described above
and stained with the anti-ASC (TMS-1)-PE antibody. The tran-
sit of the ASC from a widespread localization into a single
speck is detected as a decrease in the signal width parameter.

Activation of bystander immature DCs. AlloDCs were co-
cultured with PBMCs at ratio 1:5 (alloDCs:PBMCs) for 24 h
and the allo-SN was used as a maturation stimuli for immature
bystander-DCs. Bystander-DC maturation was assessed 48 h
later by flow cytometry as before.

All antibodies were purchased from BioLegend, unless speci-
fied elsewhere. Data acquisition was performed using a FACS-
Canto II (BD Biosciences) flow cytometer, and the analysis was
performed using FlowJo software (version 7.6.5; Tree Star).

Cytotoxic assay for NK-cells

AlloDCs were co-cultured with NK-cells for 24 h at ratio 1:1.
K562(Luc) (NK targets) cells were added in the co-culture at
ratio 1:10 (K562(Luc):NK-cells) for a further 24 h. The lucifer-
ase activity was assessed by Bright-Glo (Promega) and mea-
sured with a luminometer (Wallac VICTOR2, PerkinElmer).
Relative cell viability was calculated as the % of the luciferase
activity from K562(Luc) cells alone.

Cultures of good manufacturing practice (GMP)-quality,
FBS-free alloDCs

GMP-alloDCs tested in this study were manufactured in the
GMP facilities of Eufets GmbH, Germany. The batch used for
all experiments was a test batch manufactured in September
2015 according to the validated manufacturing process used for
the manufacturing of clinical trial material. In brief, GMP-
alloDCs were manufactured in a continuous 6-day process,
starting with a fresh leukapheresis from a healthy donor and
ending with cryopreserved GMP-alloDCs. At day 0, monocytes
were isolated from the leukapheresis product and cultivated in
CellGro media (CellGenix), supplemented with IL-4 and GM-
CSF. Medium was replaced every 2 days. On day 4 cells were
stimulated with COMBIG. On day 5, GMP-alloDCs were har-
vested, formulated in AB plasma and DMSO, and transferred
to vials for cryopreservation (11.7 £ 106 cells in 1 ml per vial).
As part of the manufacturing process, GMP-alloDCs were
tested according to the established release assays comprising
testing of contents, viability, identity, potency and safety.
GMP-alloDCs were shipped from Eufets to Uppsala University
in liquid nitrogen (¡150�C). Prior to use for in vitro experi-
ments, GMP-alloDCs were thawed, washed and cultured in
AIM-V media (Gibco) until use. PBMCs and NKs in the
respective co-cultures were performed in identical settings as
already described and cultured in AIM-V medium.

DC antigen cross-presentation and T-cell
stimulation assays

Cross-presentation of CMV-pp65 by DCs for specific stimulation
of autologous CMV-pp65495–503 TCR-modified T-cells. Immature
DCs (HLA-A2C) were cultured for 2 h at 37�C with freeze/
thawed cell-lysate from A549(pp65) tumor cells, as a mean of
providing CMV-pp65 protein to DCs exogenously. The DCs
were subsequently matured in supernatant (allo-SN) from
alloDC and PBMCs co-cultures for 38 h. Autologous T-cells
engineered to express an HLA-A�0201-restricted T-cell recep-
tor (TCR) for the CMV-pp65495–503 epitope

13 were then mixed
with CMV-pp65 cross-presenting DCs at ratio 5:1 (T-cells:
DCs) and cultured in fresh medium for 18 h. TCR-specific T-
cell activation was assessed by the secretion of IFN-g.

Expansion and re-stimulation of T-cells by cross-presenting
DCs. T-cells (non-modified) from CMV-seropositive, HLA-A2C
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donors were mixed with autologous CMV-pp65 cross-presenting
DCs prepared as above at ratio of 20:1 (T-cells:DCs) and
cultured in fresh medium for a total of 12 days. Medium with
30IU/ml IL-2 (Proleukin, Novartis) and 20 ng/ml IL-7 (Nordic
Biosite) was replaced after 7 days. CMV-pp65-specific T-cell
expansion was detected with an HLA-A�0201/pp65495–503
tetramer (Beckman Coulter).

T2 cells (HLA-A2C) were pulsed with 5 mg/ml CMV-
pp65495–503 peptide or the HLA-A2 binding irrelevant TARP
(P5L)4–13 peptide. The pulsed T2 cells were used to re-stimulate
the expanded CMV-pp65-specific T-cells for 18 h. IFN-g
release was measured as an indicator of T-cell activation.

Statistics

The data are reported as mean§SEM. Statistical analysis was
performed by GraphPad prism software version 6.01 (La Jolla).
Statistical analyses were performed using parametric One-way
ANOVA with Holm-Sidak test for multiple comparison correc-
tion. Student t-test was used when only two groups were evalu-
ated. Values with P<0.05 were considered to be statistically
significant.

Results and discussion

COMBIG-matured and COMBIG/Ad5M-matured DCs exhibit
a phenotype and cytokine secretion profile associated with
Th1 polarization

The maturation status of DCs is very crucial for the induc-
tion of optimal effector responses in autologous DC cancer
vaccination.3 Interestingly, it has also been found important
for the activation of allogeneic T-cells.14 In our experiments,
immature DCs (imDCs) were left untreated or matured for
18 h by COMBIG, Ad5M or their combination. The use of
the infection-enhanced adenoviral vector Ad5M can facili-
tate loading of DCs with immunomodulating agents or
TAAs, a standard ex vivo practice to modify patient-derived
DCs.15 For the sake of having a simple system to assess the
maturation effect of Ad5M on DCs in this study Ad5M was
used without a transgene. Cells were washed and cultured
for another 24 h in fresh DC medium without addition of
any cytokines. DC phenotypic changes were assessed by
flow cytometry and the supernatants (SN) were collected to
map the secretion profiles (Fig. 1A).

COMBIG maturation, alone or combined with Ad5M,
induced upregulation of HLA-DR, CD40, CD80, CD86 and
CD83, implying a mature and activated phenotype (Fig. 1B).
COMBIG-matured and COMBIG/Ad5M-matured DCs dem-
onstrated also elevated secretion of pro-inflammatory cytokines
and chemokines, among of which IL-12, IL-6, CXCL10, CCL5
and IL-1b had the highest fold-increases compared to imDCs
(Fig. 1C). High release of IL-12, IL-6 and CXCL10 was further
verified by ELISA (Fig. 1D), with the differences that IL-12 and
IL-6 seemed rather low for Ad5M-matured DCs. Of notice,
cytokines were measured after washing of cells indicating a sus-
tained cytokine secretion ability of COMBIG-matured DCs,
which will be important for vaccination efficiency and activa-
tion of bystander immune cells. IL-12 is associated with Th1

responses and antitumor effects as it supports the functions of
NK-cells, CD4C and CD8C T-cells, and further enhances the
release of other Th1 immune-modulating molecules.16,17 In
addition, CXCL-10 secreted by DCs in response to IFN-g is a
chemoattractant for several cell types, such as monocytes,
T-cells and NK-cells, and it promotes T-cell adhesion to endo-
thelial cells.18,19 IL-1b signaling is important for the induction
of strong effector immune responses and it has been reported
to efficiently replace conventional receptor-dependent activa-
tion of DCs during anti-viral immune responses.6 The ascend-
ing secretion of IL-1b found is in line with increased formation
of inflammasome, the multiprotein assembly complex responsi-
ble for the maturation of IL-1b.12 (Fig. 1E, F). Interestingly, the
presence of Ad5M during DC maturation provided an advan-
tage over the use of COMBIG alone in IL-1b secretion and
inflammasome formation (Fig. 1C, F). This is in accordance
with previous findings on the role of adenoviral infections in
the activation of inflammasome.20 Taken together, our data
indicate that Ad5M/COMBIG-maturation is well tolerated by
human monocyte-derived DCs and resulted in the generation
of a fully matured and pro-inflammatory DC phenotype, a
quality highly desirable in DC vaccination approaches.

Allogeneic DCs, matured by COMBIG/Ad5M, activate
T-cells and NK-cells, mature bystander-DCs and promote
NK-cell mediated killing in vitro

Desirable DC vaccination strategies involve the activation and
polarization of several effector immune cells. We observed phe-
notypic and functional changes in the status of PBMCs in 24 h
co-cultures with matured alloDCs (Fig. 2A). T-cell and NK-cell
activation in the PBMC pool was assessed by the upregulation
of the early activation protein CD69. Higher CD69 expression
was observed for both T-cells (Fig. 2B) and NK-cells (Fig. 2C)
when cultured with allo-COMBIG/Ad5M-DCs than with allo-
imDCs. Interestingly, T-cell and NK-cell activation was higher
in co-cultures with allo-COMBIG/Ad5M-DCs compared to
those of allo-COMBIC-DCs. In addition, co-culturing PBMCs
with allo-Ad5M-DCs had a positive effect on the upregulation
of CD69 in both T- and NK-cells (Fig. 2B, C). Analogous to the
observed phenotypic changes were functional changes
monitored by the increased levels of secreted IFN-g in the allo-
geneic-culture supernatant (allo-SN) (Fig. 2D). Allo-SN from
co-cultures of PBMCs with allo-COMBIG-DCs or allo-COM-
BIG/Ad5M-DCs was found to significantly induce upregulation
of CD40 on immature bystander-DCs. Moreover, allo-SN from
PBMC and allo-COMBIG/Ad5M-DC co-cultures led to signifi-
cant upregulation of CD80 and CD86 on the bystander-DCs
(Fig. 2E). This is in line with previous findings where superna-
tants of mixed leukocyte reactions have been shown to activate
and license bystander-DCs for Th1 priming.9 In order to
exclude any effects from the FBS present in the culturing
medium, FBS-free co-cultures of GMP-alloDCs and PBMCs
were evaluated for their ability to mature bystander-DCs
(Supplementary Fig. S1A). Results were virtually identical to
the ones obtained by FBS-cultured alloDCs (Supplementary
Fig. S1B).

NK-cells are particularly important contributors in the effec-
tiveness of DC vaccination because they cross-talk with
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bystander-DCs and T-cells and mediate tumor cell killing.5,21

When NK-cells were added to allo-COMBIG-DCs or allo-
COMBIG/Ad5M-DCs cultures (Fig. 2F) increased CD69
expression (Fig. 2G) and IFN-g secretion (Fig. 2H) were
observed. Furthermore, the activated NK-cells efficiently lysed
target cells (K562(Luc)) in contrast to NK-cells activated in

co-cultures with allo-imDCs (Fig. 2I, J). Similar results were
obtained from co-cultures of GMP-alloDCs and NK-cells under
FBS-free conditions (Supplementary Fig. S1C-G). Interestingly,
in a similar experimental setting autologous IL-4-differentiated
DCs were found inefficient to activate and promote tumoricidal
activity of NK-cells.22

Figure 1. COMBIG/Ad5M-matured DCs express a mature phenotype and Th1-polarized cytokine secretion profile. (A) CD14C monocytes were isolated from healthy donor
PBMCs, differentiated into imDCs by GM-CSF/IL-4 for 5 days, matured under different conditions for 18 h, washed and further cultured for 24 h and analyzed. (B) DCs
were characterized for HLA-DR, CD40, CD80, CD86 and CD83 expression by flow cytometry. Mean fluorescence intensity (MFI) for each marker on DCs (CD14¡CD1aC) pro-
duced from eight donors are shown. (C) Secreted cytokines were assessed in supernatants of each treatment by proteome profiler where supernatants from six donors
were pooled. (D) IL-12, IL-6 and CXCL10 secretion were also verified by ELISA for each donor. (E, F) Inflammasome activation was evaluated by the re-localization of the
protein ASC, an inflammasome component, from a diffuse state to a single speck exhibited in representative FACS plots of ASC width (ASC-W) and ASC area (ASC-A) and
% of speckC DCs produced from six donors. Data are shown as mean§SEM (n.s. p � 0.05; � P < 0.05; �� P < 0.01; ��� P < 0.001; ���� P < 0.0001).

e1395126-4 G. FOTAKI ET AL.



Bystander-DCs, matured by the allo-SN from PMBC allo-
COMBIG/Ad5M-DC co-cultures, efficiently cross-present
antigen to T-cells

Beside DC maturation, antigen-uptake and antigen-presenta-
tion play important roles in inducing adaptive tumor immu-
nity.23 At the tumor site, injected alloDCs are expected to
create a milieu favoring effector activation and cytolytic func-
tions, as shown in vitro (Fig. 2J). This can result in the release
of TAAs and neoantigens, which can be taken up by bystander-
DCs and be presented to effector T-cells.5 To test this hypothe-
sis, we used an in vitro model system where DCs from HLA-
A2C donors (bystander-DCs) were incubated with cell lysate
from tumor cells (A549(pp65)) expressing the full length

CMV-pp65 protein, mimicking the condition of lysed tumor
cells (Fig. 3A, C). These antigen-loaded immature bystander-
DCs were then matured with allo-SN from PBMC-alloDC co-
cultures. The exogenous pp65 antigen needs to be processed by
the bystander-DCs into the pp65495–503 peptide and cross-pre-
sented on HLA-A2 (MHC class I) in order to stimulate autolo-
gous T-cells, engineered with a TCR specific for CMV-pp65495–
503. We found that antigen-loaded bystander-DCs matured in
allo-SN could efficiently cross-present the antigen and
stimulate engineered CMV-pp65495–503 TCR-specific T-cells
(Fig 3A) to secrete high amounts of IFN-g, with allo-SN from
PBMC and allo-COMBIG/Ad5M-DC co-cultures yielding sig-
nificantly better activation compared to the other allo-SNs
(Fig. 3B).

Figure 2. Allo-COMBIG/Ad5M-DCs activate innate and adaptive immune cells in vitro. (A) After maturation for 18 h and washing (samples as described in
Figure 1A) the DCs, here called alloDCs, were co-cultured with allogeneic PBMCs (meaning from a different donor). After 24 h of co-culture, activation of
immune cells in the PBMC pool was characterized by the expression of CD69 on T-cells and NK-cells. Mean fluorescence intensities for CD69 on (B) T-cells
(CD3CCD56¡) and (C) NK-cells (CD3¡CD56C) from sixteen individual combinations of eight unrelated donors are shown. (D) ELISA was used to measure the
concentration of IFN-g in the allogeneic co-culture supernatants, here called allo-SN. (E) The allo-SN from the alloDC-PBMC co-cultures was used as matura-
tion stimuli for imDCs (DCs from the same donor as the PBMCs) to mimic a scenario for host “bystander” imDCs. Bystander-DC maturation was assessed by
the upregulation of HLA-DR, CD40, CD80, CD86 and CD83 as shown in MFI scatter plots for each marker on bystander-DCs (CD14¡CD1aC). Six individual
combinations from three unrelated donors were evaluated. (F) NK-cells isolated from PBMCs were co-cultured with alloDCs for 24 h. NK-cell activation was
then verified by (G) CD69 expression on NK-cell surface (MFI) and (H) IFN-g secretion in the generated allo-SN. (I) The killing ability of the activated NK-
cells were further investigated by adding NK-target cells (K562(Luc)). The viability of K562(Luc) cells was assessed 24 h later. (J) Relative cell viability was
calculated as the percentage of the luciferase activity from K562(Luc) cells alone (without addition of NK-cells). Experimental duplicates were used for each
condition and results of eight individual combinations from four unrelated donors are shown. Data are shown as mean§SEM (n.s. p � 0.05; � P < 0.05; ��

P < 0.01; ��� P < 0.001; ���� P < 0.0001).
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We next wanted to test whether endogenous CMV-pp65-
specific T-cells (non-engineered) could be activated and
expanded. In this case we started with bystander-DCs from
HLA-A2C CMV-seropositive donors, loaded with pp65-con-
taining tumor cell lysate and matured with allo-SN from
PBMC and allo-COMBIG/Ad5M-DC co-cultures (Fig. 3C).
These bystander-DCs yielded a 5-fold expansion of autologous
CMV-pp65-specific T-cells from CMV-seropositive donors
(Fig. 3D). The ability of those T-cells to recognize their target
and exert effector functions was tested in a re-stimulation assay.
The expanded T-cells were exposed to T2 cells pulsed with
either the HLA-A2-restricted pp65495–503 peptide or an

irrelevant HLA-A2-restricted peptide and IFN-g release was
measured. Upon re-stimulation with the pp65-positive target
cells, high IFN-g release could be detected from the T-cells
expanded by pp65-presenting bystander-DCs matured with
allo-SN from PBMC and allo-COMBIG/Ad5M-DCs co-cul-
tures (Fig. 3E). The expanded T-cells were also confirmed as
antigen-specific since exposure to T2 cells pulsed with an irrele-
vant peptide led only to background amounts of IFN-g release
(Fig. 3E).

In summary, we postulate a rationale for the concept of
intratumoral injections of alloDCs as cellular adjuvant cancer
immunotherapy. The engagement of NK-cells and bystander-
DCs has recently been proven to be of major importance for
the successful induction of effector T-cell immunity by intratu-
moral vaccine DCs.5 Additional findings support that the mat-
uration of bystander-DCs, which is crucial in several cases of
viral infections, is mediated through the secretion of pro-
inflammatory factors.6,24 In this sense, pro-inflammatory
alloDCs were found not only to efficiently activate effector
immune cells and support cytolytic functions of NK-cells, but
to create a milieu in favor of bystander-DC maturation. When
a model antigen was provided exogenously, mimicking tumor
cell lysate, allo-SN-matured bystander-DCs could efficiently
digest and cross-present the model antigen and provoke anti-
gen-specific cytotoxic T-cell expansion and activation. The cur-
rent findings are pertinent to the clinical setting, as the alloDCs
approach using intratumorally injected non-transduced pro-
inflammatory alloDCs has been tested successfully in a phase I/
II clinical trial in patients with metastatic renal cell carcinoma
(mRCC)25 and is ongoing in a randomized multicenter phase II
study in mRCC diagnosed patients (NCT02432846). We specu-
late that modification of alloDCs with Ad5M-encoded TAAs or
neoantigens might be sufficient in promoting antigen-specific
adaptive immune responses. However, this is an interesting
concept which requires further studies.
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Figure 3. Activation and expansion of antigen-directed T-cells induced by cross-
presentation of the antigen by autologous bystander-DCs matured by the alloge-
neic supernatant from PMBC and allo-COMBIG/Ad5M-DC co-cultures. (A) DCs from
an HLA-A2C donors (bystander-DCs) were pulsed for 2 h with lysate from tumor
cells expressing the CMV-pp65 antigen (A549(pp65)) and matured for 38 h by allo-
SN from the various co-cultures (Figure 2A). The cross-presenting bystander-DCs
were then mixed for 18 h with autologous T-cells, engineered with a TCR against
the HLA-A2-restricted CMV-pp65495–503 peptide. (B) ELISA was used to measure
the concentration of IFN-g released by the T-cells into the supernatants. Six indi-
vidual combinations from three unrelated donors were examined. (C) Bystander-
DCs from CMV-seropositive, HLA-A2C donor were prepared as mentioned above
and used to stimulate autologous T-cells (non-engineered) for 12 days in the
presence of low dose IL-2 (20IU/ml). (D) CMV-pp65-specific T-cell expansion was
quantified by flow cytometry using PE-conjugated HLA-A�0201/pp65495–503 tetra-
mer. FACS plots from one representative individual combination out of four using
the allo-SN from PBMC and allo-COMBIG/Ad5M-DC co-cultures as maturation stim-
uli are shown. (E) The expanded T-cells were then re-stimulated by exposure to T2
cells loaded either with CMV-pp65495–503 peptide (relevant target) or TARP4––13
peptide (irrelevant target). ELISA was used to measure the concentration of IFN-g
in supernatants harvested 18 h after re-stimulation. The dotted line indicates the
background IFN-g release from T-cells stimulated by immature bystander-DCs.
Data are shown as mean§SEM (� P < 0.05; �� P < 0.01; ���� P < 0.0001).
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