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Abstract

Vaccination against tumors using antigen-pulsed dendritic cell (DC) vaccines has greatly evolved
over the last decade, with hundreds of active human clinical trials well on the way. The use of an
autologous source for DC-based vaccine therapeutics remains the obvious choice in the majority
of clinical studies; however, novel evidence suggests that an allogeneic source of DCs can yield success
if administered in the right context. One of the challenges facing successful DC vaccination protocols
is the generation of large enough numbers of DCs intended for vaccination and standardization of
these procedures. In addition, variations in the quality of DC vaccines due to donor-to-donor variation
represent an important therapeutic factor. To this day it has not been shown whether DCs from different
donors can readily co-exist within the same co-culture for the extended periods required for vaccine
manufacture. We demonstrate that generation of allogeneic DC co-cultures, generated from multiple
unrelated donors, allows the preservation of their phenotypical and functional properties in vitro for
up to 72 hours. Therefore, in the case of an allogeneic vaccination approach, one could ensure large
numbers of DCs generated from a primary cell source intended for multiple vaccinations. By generating
large amounts of ex vivo manufactured DCs from multiple donors, this would represent the possibility
to ensure sufficient amounts of equipotent “off the shelf” product that could e.g. be used for an entire

cohort of patients within a study.
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Introduction

Due to their unique antigen (Ag)-presenting capabili-
ty, dendritic cells (DCs) as professional antigen-presenting
cells (APCs) have made their way towards being one of the
most promising tools for anti-tumor vaccination. Today,
DCs are used in a great number of studies in vaccination
protocols for the treatment of cancer [1]. The use of mono-
cyte-derived DCs (MoDCs) still remains the most popular
platform for DC vaccine manufacture; however, the source
of monocytes as their progenitors, can differ with respect
to whether they are autologous, i.e. originate from the pa-
tient himself, or allogeneic, where they can be obtained
from appropriate related or unrelated donors.

There is still no clear consensus on which type of DC
vaccine (either autologous — autoDCs or allogeneic — allo-
DCs) is more suitable for vaccination and there are no
comparative studies describing the advantages or disad-
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vantages of using autoDCs vs. alloDCs, thereby showing
the efficiency of one over the other. Although most clinical
trials so far have focused on the use of autoDCs, various
results in recent years highlighted some potential benefits
of applying alloDCs, which should not be overlooked. In
this manner, results from past clinical studies have shown
that administration of allogeneic MoDC-based anti-can-
cer vaccines is feasible, safe and well tolerated [2-5]. For
instance, an important advantage of using alloDCs is the
feasibility of preparing large quantities of cells in compar-
ison to autoDCs, where the patient, frequently exhausted
from disease, cytotoxic drugs and invasive medical inter-
ventions, is the only source of biologic material. Indeed,
DC dosage in a single vaccine can be substantial, in many
cases ranging from 10 to 100 million DCs (source: Nation-
al Institutes of Health [NIH]), depending on the route of
administration. In addition, most protocols are designed
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to offer multiple periodical vaccinations. It should also be
noted that the number of DCs needed for vaccination is
associated with more than twice the number of monocytes
needed for their generation [6, 7]. As good manufacturing
practice (GMP)-compliant immunomagnetic monocyte
isolation, which grants elevated numbers of highly pure
DC precursors, is financially demanding, classic approach-
es, particularly isolation of monocytes by plastic adher-
ence, are frequently used. This however leads to lower cell
yields and sometimes difficulties in obtaining sufficient
cell numbers for the entire vaccination protocol. Clearly,
considering human leukocyte antigen (HLA) disparity
between patients and an allogeneic DC vaccine, the use
of multiple donors for DC generation would increase the
chance of at least partial HLA compatibility.

In this report we demonstrate that upon optimal in vitro
differentiation, MoDCs from multiple allogeneic donors
can readily co-exist in co-culture for longer periods and
exert similar phenotypic and functional features as their
single-donor DC culture counterparts. These findings fur-
ther facilitate the generation of large clinical-grade “off
the shelf” batches that may be used for patients involved
in a particular vaccination study, thereby alleviating and
accelerating the standardization of such protocols, as well
as lowering donor-to-donor variability.

Material and methods

Cell culture and isolation

Buffy coats from venous blood of normal healthy volun-
teers were obtained by the Blood Transfusion Centre of Slo-
venia, according to institutional guidelines. The study was
approved by the National Medical Ethics Committee of the
Ministry of Health, Republic of Slovenia, and written con-
sent was obtained before each blood specimen collection.

Peripheral blood mononuclear cells (PBMCs) were iso-
lated using Lympholyte-H (Cedarlane laboratories, Ontar-
io, Canada). The cells were washed multiple times with
Dulbecco’s phosphate-buffered saline (DPBS), counted,
and used as a source for isolation of CD14* cells by adher-
ence. Briefly, approx. 1/5 of the PBMCs isolated from one
buffy coat were incubated for 2 hours at 37°C, 5% CO, in
a 75 cm? culture flask. Before the adherence step, the cells
were washed several times with DPBS in order to elimi-
nate most of the platelets, which can interfere with the pro-
cess. After the adherence step, non-adherent cells were dis-
carded and the flask was washed twice with DPBS at room
temperature. The residual adherent cells (monocytes) were
then cultured in X-VIVO15 culture medium (BiWhittaker,
Lonza, USA) supplemented with 1% heat-inactivated hu-
man AB serum (prepared at the Blood Transfusion Centre
of Slovenia, according to institutional guidelines). To dif-
ferentiate monocytes from DCs, 800 U/ml of rhGM-CSF
and 1000 U/ml of rhIL-4 (both Peprotech EC, London,
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UK) were added. On day 2, half of the medium was ex-
changed with starting quantities of rhGMCSF (800 U/ml)
and rhIL-4 (1000 U/ml). After 5 days, non-adherent, im-
mature DCs (iDCs) were harvested and characterized by
flow cytometry as CD1a°%, CD14-, dendritic cell-specific
intercellular adhesion molecule-3-grabbing non-integrin
(DC-SIGN)*, CD83-, CD86'* and HLA-DR"". To ac-
tivate iDCs, the cells were counted and re-suspended in
X-VIVOI15 containing 800 U/ml of thGM-CSF and 20 pg/ml
polyinosinic-polycytidylic acid (poly I:C) (Invivogen,
San Diego, CA) and cultured for a further two days. In all
experiments, monocytes were isolated and differentiated
from four unrelated healthy donors simultaneously and
then iDCs were prepared individually. Mixed allogeneic
DC cultures were only set up upon complete monocyte to
DC differentiation. To study mixed allogeneic DC cultures
in comparison with each single DC culture, the cells were
either left in their immature state with only granulocyte,
macrophage colony-stimulating factor (GM-CSF) added,
or activated with poly I:C for up to 72 hours, depending
on the experiment.

Whole CD4* T cells were isolated from each individ-
ual’s PBMCs by immunomagnetic selection using CD4
microbeads (Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany), as described previously [8]. The purity of iso-
lated CD4* cells was always > 95%, as determined by flow
cytometry.

Phenotypic characterization of DCs

The levels of membrane expressed molecular markers
were determined by flow cytometry using fluorescence la-
belled antibodies. On day 7 (two days after DC differenti-
ation, 48 hours following single or mixed DC cultivation)
single and mixed DC cultures containing either immature
iDCs or poly I:C-activated mature DCs (mDCs) were har-
vested and cells collected by centrifugation. Appropriate
antibodies (see below) were added to the cells, followed
by incubation at room temperature for 15 min in the dark.
The cells were then washed twice with DPBS and re-sus-
pended in 2% paraformaldehyde. The following monoclo-
nal antibodies were used: FITC labelled anti-CD1a, anti-
CD14, anti-CD80, and R-PE labelled anti-DC-SIGN (all
from Biolegend, CA, USA), FITC labelled anti-CD83 (IQ
Products, NL), FITC labelled anti-CD86 (DakoCytoma-
tion, Denmark), and R-PE labelled anti-HLA-DR (Exalpha
Biologicals Inc., MA, USA). FITC-IgG1 and R-PE-IgG2a
cocktail was used for isotype control (Biolegend). Results
were expressed as mean fluorescence intensity (MFI) val-
ues after subtraction of the MFI value obtained with the
control antibody.

Apoptosis and cell death studies

We validated the stability of mixed DC co-cultures in
terms of potential changes in the extent of apoptotic and
dead cells in comparison with single DC cultures. For this
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purpose DCs obtained from individual donors were cul-
tured individually and jointly as a co-culture, for a period
of 72 hours. Then the extent of apoptotic and dead DCs in
each culture was determined by Annexin-V FITC conju-
gate and propidium iodide (Apoptosis assay kit, Invitrogen,
Carlsbad, CA) staining and subsequent flow cytometry,
using the FACSCalibur system (Becton Dickinson, Inc.).

Morphological analysis

Inverted light optical microscopy (Nikon Eclipse
TE300, Tokyo, Japan) was performed in parallel to all
other analyses to assess cell morphologies. Characteristic
morphological features of in vitro monocyte-derived DCs
were observed such as their characteristic shape and den-
drite formation.

Allogeneic T cell proliferation

Either single or mixed donor DC cultures were used as
in vitro stimulators of purified allogeneic CD4* T cells as
responders. DCs were either used in their immature state
or activated for 48 hours with 20 pg/ml of poly I:C. P All
assays, i.e. mixed lymphocyte cultures (MLCs), were per-
formed in 96-well flat-bottom plates with a total volume
of 200 pl/well. In each well we seeded 1 x 10* DCs, after
they had been washed twice with DPBS, and then add-
ed 1 x 10° allogeneic T cells. After 4 days of incubation
(37°C 5% CO,), the wells were pulsed with 1 uCi/well
of *H-thymidine (Perkin Elmer, Boston MA, USA) and
T cell proliferation was measured following an additional
18-20 hours of incubation by liquid scintillation counting
(Wallac microbeta counter, Turku, Finland).

Activated T cell intracellular cytokine analysis

To determine cytokine production by alloactivated re-
sponding CD4* T cells on a single cell level we stained the
cells intracellularly, using FITC-anti-IFN-y, PE-anti-IL-10,
PE-anti-IL-4 and PE-anti-IL-2 Abs (all from Invitrogen,
Carlsbad, CA). For gating purposes we used Cy5-PE-anti-
CD4 Ab (Biolegend, CA, USA). Briefly, 1 x 10° DCs
(either immature or mature, from single and mixed DC cul-
tures) were co-cultured with 1 x 10° naive CD4*CD45RA*
T cells in 24-well tissue culture plates in complete medi-
um (X-VIVOI1S5 supplemented with 1% human AB serum).
After 7 days, CD4* T cells were collected and restimu-
lated with 50 ng/ml phorbol myristate acetate (PMA) and
500 ng/ml ionomycin (both from Sigma). After 4 hours
10 pg/ml of Brefeldin A (Biolegend) were added for an ad-
ditional 4 hours. Afterwards the cells were fixed with 4%
PHA for 1 hour and then permeabilized using 0.1% Triton
X-100 for 10 minutes. Subsequently the cells were washed
twice with DPBS. To prevent non-specific staining, T cells
were incubated for 45 min in DPBS containing 3% bovine
serum albumin (BSA) and then stained with FITC-anti-
IFN-y, PE-anti-IL-10, PE-anti-IL-4 and PE-anti-IL-2 Abs
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for 45 min in the dark. Before they were analyzed with the
FACSCalibur flow cytometer system (Becton Dickinson,
Inc.), the cells were washed twice with DPBS.

Measurement of DC cytokine production

Dendritic cells were differentiated and set up in either
single or mixed DC cultures. Then they were either left in
their immature state or further activated with 20 pg/ml of
poly L:C, for 48 hours. Afterwards, cell-free culture super-
natants were carefully collected and the levels of IL-10 and
IL-12p70 measured by enzyme-linked immunosorbent as-
say (ELISA). The levels of both IL-10 and IL-12p70 were
determined using Max Deluxe ELISA sets for IL-10 and
IL-12p70 (Biolegend, San Diego, CA). All assays were
set up in duplicates and performed in accordance with the
manufacturer’s protocols. The lower limit of IL-12p70 de-
tection was 4 pg/ml and 3 pg/ml for IL-10, respectively.

Results

Allogeneic DC co-cultures are stable and are not
characterized by increased cell death

Firstly, we wanted to determine the stability of co-cul-
tures consisting of fully differentiated DCs from four allo-
geneic donors. After confirming optimal differentiation of
monocytes to iDCs, by assessing the expression of CD1a*,
CD14- and DC-SIGN** molecules (data not shown), the
iDCs were further cultured for 72 hours, either as single
donor or mixed donor cultures. These were either left un-
treated (except for the addition of GM-CSF) or stimulated,
i.e. matured with 20 pg/ml of poly I:C. After 3 days, all
cell cultures were collected and DCs stained for early/late
apoptotic and dead cells by Annexin V-FITC and PI and
analyzed by flow cytometry (Fig. 1A). As determined in
three independent experiments, the percentages of apop-
totic/dead cells did not differ between mixed allogeneic
DC cultures and each of the single donor-cultures. The
percentage of living cells was actually more than 80% in
the great majority of cases (Fig. 1B) and the difference
between mixed donor and single donor cultures was neg-
ligible and therefore statistically insignificant (Fig. 2B).

Long-term co-cultures of mixed allogeneic DCs
display normal cell morphology

In vitro morphology of monocyte-derived DCs depends
on their maturation status, in addition to the quality of dif-
ferentiation process, as well as subtle differences such as
characteristic clustering upon activation with concomitant
cell adhesion or formation of spindle-shape morphology,
which are the consequence of different cell culture con-
ditions. For this reason, we wanted to compare the basic
DC morphology between single donor and mixed donor
cultures. Using an inverted optical microscope we observed
DC morphology after 48 hours of various cell culture con-
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Fig. 1. Cultures of mixed allogeneic DCs are stable for longer periods in terms of cell survival. Dendritic cells were
prepared and cultured as described in Material and methods. Differentiated from monocytes isolated from four unrelated
healthy donors, the resulting iDCs were cultured both individually and in a co-culture, for 72 hours. Either single or
mixed donor DCs were maintained in their immature state or matured with the addition of poly I:C (20 pg/ml). A) After
3 days the cells were stained with Annexin-FITC and PI to determine the percentages of apoptotic and dead cells. Num-
bers represent the percentages of single positive (apoptotic, lower right quadrant) and double positive (dead, upper right
quadrant) cells. B) Percentages of living DCs in various cultures do not differ between mixed and single donor cultures.
Significance between individual pairs was calculated using Student’s unpaired # test (ns — non-significant). The results
shown in flow cytometry charts are representatives of 3 independent experiments

ditions, without additional activation stimuli, such as the
addition of poly I:C or lipopolysaccharide (LPS) (except
for the supplement of GM-CSF only). As can be seen in
Figure 2, cell morphology in mixed allogeneic DC cultures
displayed typical “potato”-shaped iDC morphology, with
no excessive dendrite formation or cell clustering.

DCs in mixed allogeneic cultures preserve stable
immature phenotype and readily respond
to maturation stimuli

Next we wanted to determine the capacity of allogene-
ic DCs, kept in mixed co-cultures, to preserve their imma-
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ture activation state in the absence and their full maturation
potential in the presence of exogenous maturation stimuli.
For this reason DCs originating from monocytes of four
unrelated donors were cultured for an additional 48 hours
in single or mixed cultures without or with the addition of
20 pg/ml of the TLR3 agonist poly I:C. The cells were then
stained for the expression of CD80 and CD86 co-stimula-
tory, chemokine receptor CCR7 and HLA-DR molecules.
Figure 3 shows the expression levels of analyzed markers
for both iDCs and mDCs. The characteristic iDC, CD80",
CD86"¥, CCR7"¥, HLA-DR™ phenotypic profile was de-
termined in all single donor, as well as in mixed donor
DC cultures (Fig. 3A). In cultures that were treated with
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Single donor DCs

Mixed donors DCs

Fig. 2. Dendritic cells (DCs) from mixed allogeneic cultures display normal, immature morphology after prolonged cul-
tivation time. DCs were differentiated from monocytes of four unrelated healthy donors. Fully differentiated iDCs were
either cultured in single or mixed donor cultures for 72 hours. Cultures of mixed allogeneic DCs displayed no particular
features in comparison to single donor ones. Normal immature morphology with the absence of cell clustering or adher-
ence, which is characteristic of the DC maturation/activation process, was observed in both cases

20 pg/ml of poly I:C, the iDCs matured readily, regard-
less of whether they contained cells from single or mixed
donors, thereby extensively up-regulating all molecular
markers, i.e. CD80, CD86, CCR7 and HLA-DR (Fig. 3B).

Mixed allogeneic DCs maintain potent
allo-stimulatory capacity

To test for basic antigen-stimulating DC function, we
set out to determine the capacity of variously cultured DCs
to induce the proliferation of allogeneic CD4* T cells. Im-
mature DCs were first generated as described in Material
and methods from monocytes of four unrelated donors and
subsequently cultured in single and in mixed donor (all
four donors combined) cultures. After 48 hours in the pres-
ence or absence of poly I:C maturation stimuli, the cells
were used as allogeneic stimulators of responding CD4*
T cells in a 5 days long mixed lymphocyte culture (MLC).
On day 5, the proliferation of alloactivated T cells was
determined by liquid scintillation counting, for both iDCs
and mDCs as stimulators (Fig. 4A, B). DCs from single
donor and mixed donor cultures both exert strong capacity
to stimulate the proliferation of allogeneic CD4* T cells
(Fig. 4B). As expected, in comparison to single donor DC
stimulators, mixed donor DCs induce significantly more
extensive proliferation of T cell responders, which stands
for both iDCs and mDCs (Fig. 4A, B).

DCs from mixed allogeneic cultures are able
to produce IL-12p70 and induce potent Th1
responses

Induction of potent Thl effector responses is a pre-
requisite for effective anti-cancer DC vaccines. In the last
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step of our experimental work we evaluated the ability
of variously cultured DCs to induce Thl effectors from
naive CD4*CD45RA* T cells during a 7-day co-culture.
Since Thl induction is dependent on the ability of DCs to
produce IL-12p70, we first assessed the ability of DCs to
produce IL-12p70 upon their maturation. As described in
Material and methods, single or mixed donor DCs were
activated with poly I:C for 48 hours. Subsequently, su-
pernatants were sampled and analyzed for the presence of
IL-12p70 and IL-10 (Fig. 5A). Dendritic cells from both
single and mixed donor cultures were able to produce
IL-12p70 upon maturation in quantities that have been re-
ported to be characteristic for a single signal stimulation,
i.e. with a defined toll-like receptor (TLR) ligand alone,
without interferon (IFN)-y or CD40-ligand (average values
of 774.3 £116.4 pg/ml and 636.0 +57.5 pg/ml, for single
and mixed DC cultures, respectively) [9].

In the next step we used these mDCs as in vitro stim-
ulators of naive CD4*CD45RA* T cells. After 7 days in
MLCs, responder T cells were collected, washed twice
and stimulated with PMA and ionomycin, followed by the
addition of brefeldin A. Cytokine production within the
cells was determined with flow cytometry after intracel-
lular staining for IFN-y, IL-2, IL-4 and IL-10 (Fig. 5B, C).
DCs in both single and mixed donor cultures induced
effector T cell populations to produce low amounts of
IL-4, IL-10 and high levels of IFN-y and IL-2. Where
mixed donor mDCs were used as stimulators, the per-
centage of IFN-y-producing T cell effectors increased
for more than 50%, compared to stimulating mDCs from
single donor cultures (21.7 +5.9% and 38.7 +10.5% of
IFN-y-producing T cells for single and mixed donor
mDCs, respectively).
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Fig. 3. Dendritic cells (DCs) from mixed allogeneic cultures preserve their immature phenotype and respond readily to
maturation stimulus. DCs were prepared and cultured as described in Material and methods. Differentiated from mono-
cytes, isolated from four unrelated healthy donors, the resulting iDCs were cultured both individually and in a co-culture,
for 48 hours, either in the absence of presence of poly I:C (20 pg/ml). Subsequently, cells were harvested and stained for
the depicted surface markers. Data show phenotypic characterizations of 3 out of 4 DCs from individual donors (only
due to the clarity of the overview) and of DCs from a mixed culture. Numbers represent the mean fluorescence intensities
(MFiIs) for each depicted surface marker
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Fig. 4. Dendritic cells (DCs) from mixed allogeneic donor cultures possess potent allo-stimulatory capacity. The ca-
pacity of DCs to stimulate proliferation of naive allogeneic CD4* T cells was evaluated in a mixed lymphocyte culture
(MLC). DCs were generated as described in Material and methods. DCs from single and mixed allogeneic donor cultures
were used as stimulators either in their (A) immature or (B) mature (48 hour activation with 20 ug/ml poly I:C) state.
Significance between compared pairs, as depicted in the figure, was calculated using Student’s unpaired t test (*p < 0.05,
**p < 0.01, ***¥p <0.001). The results are presented as mean = SD

Discussion

In the present study we show for the first time that after
optimal differentiation, MoDCs from multiple unrelated
donors can stably exist in in vitro co-culture and keep their
unhindered functionalities. This demonstration is useful for
cell-therapy purposes, but also intriguing from the scientif-
ic point of view. Namely, there have been demonstrations
in the past that DCs do not act solely as couriers of antigen-
ic information but also possess several mechanisms which
grant them immune effector functions. Both myeloid and
plasmacytoid DCs have been shown to exert direct cyto-
toxic effects, particularly against cancer cells [10]. This
so-called DC “killer” effect has been demonstrated in both
rodents and humans. In addition to circulating myeloid
and plasmacytoid DCs, such effector functions have also
been demonstrated for MoDCs. One of these direct cyto-
toxic mechanisms is associated with tumor necrosis fac-
tor (TNF)-a-related apoptosis-inducing ligand (TRAIL).
Intracellular TLRs such as TLR3 are capable of induc-
ing TRAIL [11]. This was also demonstrated for type I
IFNs, such as IFN-a, which is also produced by MoDCs
after their maturation induced by TLR3 agonists, such as
poly I:C. We have shown that mixed allogeneic DC cul-
tures are stable in terms of cell survival even when fully
differentiated iDCs were treated and matured with poly I:C
(Fig. 1). In addition there are several potential cytotoxic
mechanisms of DCs which include effector molecules, such
as TNF-a [12, 13], FasL [14, 15], lymphotoxin o and 3
[12], caspase-8 [16], TNF-like weak inducer of apopto-
sis (TWEAK) [17] and IFN-y [18]. However, our results
suggest that such mechanisms are most likely not exerted

158

between MoDCs, even in an allogeneic setting under in-
flammatory conditions.

Direct recognition of DC-targeted cells, for example
tumor cells, is still largely unknown. It has been shown
that differentially activated plasmacytoid DCs (pDCs)
can recognize and kill either MHC-I-positive (pDCs ac-
tivated by intracellular TLR agonists, such as poly I:C or
by IFN-a) or MHC-I-negative cells (pDCs activated by
Frithsommer-Meningoenzephalitis [FSME]) [19, 20]. To
date there is no study confirming or disproving the abili-
ty of DCs to somehow recognize allogeneic MHC class 1
or II molecules on other allogeneic DCs. However, such
a process would most likely proceed via direct cell-to-cell
contacts. As can be seen from Figure 2, cultures of mixed
allogeneic DCs did not display any additional increase of
cell clustering even after prolonged cultivation time, sug-
gesting allogeneic “invisibility” within this particular ex-
perimental context.

Since any potential allogeneic recognition would most
likely result in a particular inflammatory response that
would influence the activation state of DCs, we evalu-
ated and compared the expression levels of molecular
maturation markers on cells from mixed donor cultures
and those from single donor cultures, following 3 days of
cultivation. As can be seen in Figure 3A, DCs from mixed
donor cultures possess low expression of CD80 and CD86
co-stimulatory molecules, lymph node-homing chemokine
receptor CCR7 and HLA-DR molecules, which is very
similar to that detected on single donor DCs. Therefore, in
the absence of maturation stimuli, DCs in mixed allogeneic
cultures remain immature also during longer periods of
time. Activation of both types of DC cultures with poly I:C

Central European Journal of Immunology 2021; 46(2)
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Fig. 5. Dendritic cells (DCs) from combined allogeneic donors induce potent Thl effector responses. DCs were pre-
pared as described in Material and methods and further cultured in either single or mixed donor cultures. A) After
48 hours, supernatants from both immature and mature (activated with 20 ug/ml poly I:C) DCs were taken and analyzed
for the presence of IL-12p70 and IL10. B, C) Both immature and mature DCs were used as stimulators in 7 day MLCs
with naive CD4*CD45RA* T cells as responders. After one week T cells were harvested, treated with PMA/ionomycin/
Brefeldin A and stained intracellularly for IFN-y, IL-2, IL-4 and IL-10. The results were analyzed on a flow cytometer.
One representative experiment out of four individual ones is shown. Numbers in quadrants represent percentages of
cells stained for each particular cytokine. D) Statistical significance for percentage of IFN-y-positive T cells is shown.
The results where single or mixed allogeneic donor mDCs (20 pg/ml poly I:C) were used as stimulators are presented.
Statistical significance was calculated using Student’s unpaired -test (*p < 0.05)
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also resulted in successful maturation, confirmed by the
CD80Mis", CD86Me", CCR7+, HLA-DR"&" mature phenotype
(Fig. 3B). Optimal DC maturation is a prerequisite for the
preparation of quality anti-cancer DC vaccines, and their
capacity to stimulate proliferation of tumor antigen specific
responding T cell clones is basic for their functionality
[21]. In the next step we evaluated the ability of differen-
tially cultured DCs to induce proliferation of a third party,
allogeneic CD4* T cells (Fig. 4A, B). As expected, mDCs
from all types of cultures were able to induce substantial
proliferation of responding T cells, which was particularly
extensive in the case of mixed allogeneic DCs. As we
demonstrate, combined DCs from four different donors
induced more than 50% greater T cell proliferation in
comparison to single donor DCs. This effect was expected
due to the greater HLA disparity and therefore increased
percentage of allo-reactive T cells.

Although the exact mechanisms of anti-tumor effec-
tiveness of DC vaccines are not completely resolved, there
is now enough evidence to support the need for proper
activation of anti-tumor specific cytotoxic CD8* T cells,
which requires a prior polarization of Th1 helper T cells
[22]. Therefore we evaluated the capacity of DCs from sin-
gle or mixed allogeneic donor cultures to induce Thl po-
larization in a population of naive third party CD4* T cells
(Fig. 5). Firstly, we determined the capacity of DCs to pro-
duce IL-12p70 in response to a single stimulus (poly I:C).
Both mDCs in mixed and single donor cultures produced
comparable levels of IL-12p70 (Fig. 5A). Afterwards,
these mDCs were used as stimulators of naive allogeneic
CD4* T cells in 7-day long MLCs. Dendritic cells from
mixed donors generally induced T cell populations with
an approximately 80% greater portion of IFN-y-producing
cells than single donor DCs (Fig. 5B-D). This capacity of
mixed allogeneic donor DCs is attributable to greater HLA
disparity in relation to responding T cells due to high di-
versity of the DC’s HLA pool. Nevertheless, this clearly
shows the capacity of mixed donor DCs to induce a strong
Th1 responses and engage a greater number of responding
T cell clones by expanded HLA recognition. While this
effect might not influence the induction of selected peptide
antigen-specific T cells, for example as in HLA-A2-re-
stricted, peptide pulsed DC vaccines, it is speculated that
allogeneic DC vaccines can support anti-tumor immunity
in part through generation of pro-inflammatory conditions
that support Th1-skewing and in part via direct priming of
tumor-reactive or cross-reactive T cells [23, 24].

By strategically selecting multiple unrelated donors
for mixed allogeneic DC vaccine manufacture, this could
represent a platform for scalable vaccine manufacture that
would include a range of HLA haplotypes applicable to
a wide patient population. Interestingly, in a recent clinical
study of a DCP-001 allogeneic DC vaccine, it was found
that while HLA matches between vaccine and patients
varied from 1 to 5, the number of mismatches showed
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no clear correlation with patient survival [25]. The study
showed that the use of DCP-001 vaccine in acute myeloid
leukemia patients is safe, feasible and generates anti-tumor
immune responses.

In conclusion, we have shown that the production of
DC vaccines from primary human monocytes based on
multiple allogeneic donors results in a functional cellular
product and is a feasible approach towards development
of future DC-based cellular products. Although the ma-
jority of anti-cancer DC vaccines are made from autolo-
gous sources, the use of allogeneic cellular vaccines might
prove useful in manufacturing off-the-shelf DC vaccines
and/or in cases where the physical state of cancer patient
is unsuitable for the leukapheresis procedure.
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