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Abstract
Background. Dendritic cells (DCs) are the most efficient antigen-presenting cells and act at the center of the immune system
owing to their ability to control both immune tolerance and immunity. In cancer immunotherapy, DCs play a key role in
the regulation of the immune response against tumors and can be generated ex vivo with different cytokine cocktails. Methods.
We evaluated the feasibility of dinoprostone (PGE2) replacement with the molecular analog sulprostone, in our good manu-
facturing practice (GMP) protocol for the generation of DC-based cancer vaccine. We characterized the phenotype and
the function of DCs matured in the presence of sulprostone as a potential substitute of dinoprostone in the pro-
inflammatory maturation cocktail consisting of tumor necrosis factor alpha (TNF-α), interleukin-1 beta (IL-1β) and IL-6.
Results. We found that sulprostone invariably reduces the recovery, but does not significantly modify the viability and the
purity of DCs. The presence of sulprostone in the maturation cocktail increases the adhesion of single cells and of clusters
of DCs to the flask, making them more similar to their immature counterpart in terms of adhesion and spreading propri-
eties. Moreover, we observed that sulprostone impairs the expression of co-stimulatory molecules and the spontaneous as
well as the directed migration capacity of DCs. Discussion. These findings underscore that the synthetic analog sulprostone
strongly reduces the functional quality of DCs, thus cannot replace dinoprostone in the maturation cocktail of monocyte-
derived DCs.
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Introduction

Cancer vaccines are conceived to rewrite the exist-
ing crosstalk between host and tumor, shifting the
balance from tumor acceptance toward tumor control
to the benefit of the patient. In this scenario, den-
dritic cells (DCs) are the most efficient antigen-
presenting cells and play a crucial role in the regulation
of innate and adaptive immune responses [1,2].
Tissue-resident immature DCs (iDCs) are character-
ized by high endocytic activity. In the periphery, iDCs
take up non-self antigens and, in the presence of ap-
propriate danger signals, start to mature up-regulating
cell surface molecules such as CD80, CD86 and CD40
and enhancing their ability to activate T cells. At the

same time, DCs switch their adhesion and chemokine
receptors to migrate toward the lymph nodes, where
they present the captured antigens to cytotoxic T
lymphocytes (CTLs) [3].

When talking about anti-cancer immune re-
sponse,T cells are widely accepted as the most crucial
effector cells of the immune system. In this scenario,
several aspects of T-cell immunology might prove
relevant for a successful vaccination, the most impor-
tant of which are CTL priming and activation [4].
T-helper (Th) activation is considered an important
aspect for the generation of memory CTL responses
and for the secretion of vital cytokines required by other
effector cells, including natural killer (NK) cells and
macrophages, thereby integrating the innate and the
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adaptive immune systems [5,6]. Likewise, activated
Th cells up-regulate the surface expression of CD40L
molecules that upon ligation to CD40 expressed by
DCs license them for the direct activation of naïve T
cells [7].

These pivotal properties of DCs render them the
principal candidates for antigen delivery in therapeu-
tic vaccination against cancer [8–11]. DCs, generated
ex vivo by culturing hematopoietic progenitor cells
or monocytes with cytokine combinations, have been
extensively tested by us and others as therapeutic
vaccines in cancer patients in the last decade [8–11].
The most commonly used protocol for the matura-
tion of DCs calls for a cocktail of proinflammatory
cytokines (tumor necrosis factor alpha [TNF-α],
interleukin 6 [IL-6], interleukin 1beta [IL-1β] and
prostaglandin E2 [PGE2]) first described by Jonuleit
et al. [12].

PGE2, also known as dinoprostone, combined with
proinflammatory cytokines, specifically up-regulates
the surface expression levels of the chemokine recep-
tor CCR7 on DCs, which recognizes lymph node–
derived chemokines, such as CCL19 and CCL21,
exerting a key role for the chemotaxis of DCs [13,14].

Following a dinoprostone GMP–grade produc-
tion discontinuation, we have studied the feasibility
of its replacement with GMP-grade sulprostone in
the production of anti-tumor DC vaccine. Sulprostone
is a dinoprostone analogue classified as a nonsteroi-
dal abortifacient agent, mainly used for pregnancy
termination and for the treatment of hemorrhages
during delivery [15,16]. As the role of sulprostone
in the generation of human DCs has never been
addressed, in this study we analyzed its effect on the
DC maturation process, focusing our attention on
recovery, functional phenotype and migratory capac-
ity.We discovered that sulprostone does not adequately
induce DC maturation. Indeed, the presence of
sulprostone in the cytokine cocktail impairs the up-
regulation of co-stimulatory molecules and maturation
markers and leads to a reduction of DC migration.
Concomitantly, sulprostone does not significantly
modify the viability and the purity of DCs, while
strongly stimulates adhesion decreasing the cells re-
covery. We conclude that in vitro maturation of DCs
with sulprostone compromises the DC quality, thus
affecting their use in the GMP protocol for cancer
vaccine preparation.

Materials and methods

Samples collection and DC culture

After obtaining informed consent in accordance with
the Declaration of Helsinki and following a protocol
approved by the local Institutional Review Board, pe-
ripheral blood mononuclear cells (PBMCs) were

collected from three healthy donors and DCs were ob-
tained in vitro from circulating precursors by
leukapheresis from seven patients with melanoma.
PBMCs were purified using density gradient centrifu-
gation (Lymphosep, Biowest). An aliquot of PBMCs
was immediately used for DC vaccine preparation, and
the remaining cells were frozen in bags and
cryopreserved in nitrogen vapors until use. A de-
tailed method of mature DC preparation has been
described elsewhere [17]. Briefly, DCs were ob-
tained from monocytes by adherence on culture flasks.
Then, nonadherent cells were discarded and adher-
ent monocytes were incubated in CellGro DC medium
supplemented with IL-4 and granulocyte-macrophage
colony stimulating factor (GM-CSF; Cell Genix) for
7 days. On day 7, the culture medium was discarded
and iDCs were cultured for a further 2 days with a
cocktail of the following cytokines: TNFα, IL-1β,
IL-6 (Cell Genix) and 1 µg/mL of dinoprostone (PGE2;
Pfizer). In some experiments, dinoprostone was re-
placed with 1, 1.5 or 2 µg/mL of sulprostone (Bayer).
On day 9, mature dendritic cells (m-DCs) were re-
covered and immediately analyzed or cryopreserved
and stored in liquid nitrogen until use. The condi-
tioned media (CM) from m-DC culture was also
collected by centrifugation at 1600 rpm for 10 min and
stored at −20°C before being assayed. For interferon
gamma (INF-γ) Enzyme-linked ImmunoSpot
(ELISPOT) assay, untouched CD3+ T cells were iso-
lated from healthy donor PBMCs by means of a Pan
T isolation kit (Miltenyi Biotech).

Quality control on m-DCs

Viability, purity and recovery
m-DC viability, purity and recovery were analyzed
using trypan blue exclusion assay and using optical
microscope observation for all of the experimental con-
ditions tested.

Safety tests
For all of the established cultures, endotoxin (≤0.5 en-
dotoxin units (EU)/mL), sterility and mycoplasma tests
were performed in accordance with European Phar-
macopoeia guidelines.

Flow cytometry

The phenotypic analysis of m-DCs was performed
using flow cytometry. Cells were stained with the fol-
lowing monoclonal antibodies and the relative isotype
controls: anti-CD80 phycoerythrin (PE), anti-CD86
fluorescein isothiocyanate (FITC), anti-HLA-DR PE,
anti-CCR7 PE (BD Pharmingen) and anti-CD83
FITC (Beckman Coulter). Samples were acquired with
FACS Canto flow cytometer (Becton Dickinson) and
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the data were analyzed using Diva software (Becton
Dickinson) and using FlowJo Software (Tree Star).

Migration assay

Migration assays were carried out on m-DCs in a 24-
well plate containing a 5-µm pore size polyethylene
terephthalate (PET) insert (Millipore). Briefly, m-DCs
were washed thoroughly and 100 µL of cell suspen-
sion in Roswell Park Memorial Institute (RPMI) media
(106 cells/mL) was added to inserts. At the same time,
250 ng/mL CCL19, 250 ng/mL CCL21 and a com-
bination of the two ligands of the CCR7 chemokine
receptor at 125 ng/mL each (PeproTech) were placed
in RPMI (600 µL) in the bottom compartment. Al-
ternately, RPMI media alone was used in the bottom
chamber as a control for spontaneous DC migra-
tion. Then cells were allowed to migrate for 3 h in a
5% CO2 humidified incubator at 37°C. A 500-µL
aliquot of media from the lower chamber was picked
up and the migrated cells were counted using flow
cytometry for a fixed period of 120 seconds at a con-
stant speed. Values are given as mean counts of
migrated cell ± standard error of the mean (SEM).

INF-γ ELISPOT assay

The co-stimulatory ability of m-DCs to trigger a
cytokine secretion response in allogeneic T cells, in
the presence of sub-stimulating doses (0.005 mg/
mL) of the anti-CD3 antibody OKT3, was assessed
using IFN-γ ELISPOT assay as a read-out system, fol-
lowing a modified version of the COSTIM assay [18].
Briefly, reference T cells (105/well) were co-cultured
in quadruplicate with m-DCs in IFN-γ–coated
ELISPOT plates at theT:DC ratio of 10:1, in the pres-
ence of 0.005 mg/mL OKT3. DCs alone were used
as negative controls. To ensure intra- and inter-assay
reproducibility, reference T cells from the same three
healthy donors were used for each experiment. After
a 24-h incubation in a 5% CO2 humidified incuba-
tor at 37°C, plates were developed, according to the
manufacturer’s instructions, and evaluated using a
computer-assisted ELISPOT reader (Eli.Expert,
A.EL.VIS, GmbH).The distribution of Spot Forming
Cell (SFC) number across the different experimen-
tal conditions (sulprostone-DCs vs dinoprostone-
DCs) was evaluated according to the Student t test.

Multiplex cytokine immunoassay

The levels of inflammatory cytokines IL-1β, IL-6, IL-
8, IL-10,TNFα and IL-12p70 in conditioned media
were determined using the Human 6-plex cytokine che-
miluminescent Protein Array (Ciraplex; Aushon
Biosystems).

Statistical analysis

The statistics used for data analysis were based on two-
tailed Student t test for averages comparison in paired
samples. Data are presented as mean and SEM is de-
picted as error bars. P values were calculated using
Student t test (*P < 0.05; **P < 0.01; ***P < 0.001;
# 0.05 < P < 0.1).

Results

Sulprostone induces adhesion and impairs the recovery
of m-DCs

To evaluate whether sulprostone could be equiva-
lent to dinoprostone in the process of DC maturation,
first, we replaced dinoprostone with sulprostone at dif-
ferent concentrations in the in vitro generation of DCs
and checked the viability, the purity and the recov-
ery of the final product. Sulprostone did not
significantly modify the viability and the purity of DCs.
In particular, the attested cell viability was 87.6%
(±1.6%), 86.9% (±3.0%) and 88.2% (±2.2%) upon
maturation with 1, 1.5 and 2 µg/mL sulprostone, re-
spectively, compared with dinoprostone-matured
sample (90.9% ± 1.7%) (n = 4, n = 10 for dinoprostone
and sulprostone 1 µg/mL, #0.05 < P < 0.1; Figure 1A).
The recorded purity was of 75.3% (±3.7%), 66.4%
(±5.3%) and 69.6% (±3.9%) upon maturation with
1, 1.5 and 2 µg/mL sulprostone, respectively, com-
pared with dinoprostone-matured sample
(79.3% ± 4.3%) (n = 4, n = 10 for dinoprostone and
sulprostone 1 µg/mL, #0.05 < P < 0.1; Figure 1B). In-
terestingly, we observed that sulprostone invariably
reduces the recovery of DCs from the culture in all
samples. Specifically, the recovery decreased to 5.9%
(±1.4%), 6.0% (±0.7%) and 6.2% (±1.1%) upon mat-
uration with 1, 1.5 and 2 µg/mL sulprostone,
respectively, compared with dinoprostone sample
(6.9% ± 1.3%) (n = 4, n = 10 for dinoprostone and
sulprostone 1 ug/mL; *P < 0.05; **P < 0.01;
Figure 1C). Indeed, we found that sulprostone induced
a more adherent phenotype on DCs compared with
dinoprostone, leading to a reduction of the recovery
and the mobility of m-DCs. We observed that
sulprostone reduces the number of DC clusters in sus-
pension, and strongly increases DC adhesion to the
plastic flask to 435.8% (±124.2%), 316.7% (±148.1%)
and 308.3% (±96.1%) compared with dinoprostone-
matured cells (100%) (n = 3, n = 6 for dinoprostone
and sulprostone 1 ug/mL; *P < 0.05; Figure 2A and
B). Consistently, the microscope observation and the
handling of the cell culture confirmed these observa-
tions.Thus, sulprostone prevents the full maturation
of DCs, restraining them more similar to their im-
mature counterpart in terms of adhesion and spreading
proprieties.
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Sulprostone reduces the expression of CCR7 and impairs
migration of DCs

Given the observed adhesive behavior of sulprostone-
matured DCs, we speculated that also migratory and
motility properties of these cells might be modified
by the molecule. To determine the effects exerted
by sulprostone, we performed chemotaxis assays on
m-DCs obtained with dinoprostone or sulprostone
using 250 ng/mL CCL19, 250 ng/mL CCL21, a com-
bination of both at 125 ng/mL each as chemoattractants
or media alone as control (spontaneous migration).
Dinoprostone-matured DCs showed a higher
migration mediated by chemokine combination
(523 ± 143.3) compared with sulprostone-matured
DCs (211 ± 122.6; Figure 3A; n = 3, *P < 0.05). We
also explored the migratory effect exerted by higher
doses of sulprostone and we found that sulprostone
impairs spontaneous and directed DC migration in-
dependently from its concentration (Figure 3B; n = 3,
n = 6 for dinoprostone and sulprostone 1 ug/mL,
*P < 0.05, #0.05 < P < 0.1). The migratory capacity
of DCs has been shown to rely on the surface expres-
sion of CCR7 [19].Thus, we analyzed the expression
of this receptor on m-DCs and we confirmed that the

observed reduced migratory ability of sulprostone-
matured DCs is in line with the strong down-regulation
of CCR7 surface expression. (Figure 3C; n = 4,
*P < 0.05) In accord with other studies, these find-
ings indicate that dinoprostone is necessary for CCR7
surface expression on DCs and for their migratory
ability [14].

Sulprostone prevents the appropriate maturation of DCs
and the surface expression of co-stimulatory markers

We then asked ourselves whether sulprostone could
interfere with the co-stimulatory and the pro-
inflammatory profile of m-DCs. Phenotypic analysis
showed a down-regulation of co-stimulatory mol-
ecules and of maturation markers in sulprostone-
matured DCs compared with dinoprostone-matured
ones. We found a significant down-regulation of the
mean fluorescence intensity (MFI) for CD83, CD86
and CD40 markers (Figure 4; n = 4, n = 3 for CD40
MFI expression; *P < 0.05; **P < 0.01; ***P < 0.001).
Interestingly, sulprostone-matured DCs were CD14+,
independent from the concentration, suggesting the
occurrence of an unsuccessful DC maturation process.
However, all populations expressed comparable

Figure 1. Viability, purity and recovery of dinoprostone and sulprostone-matured DCs. Scatter plots with bar represent the viability (A),
the purity (B) and the recovery (C) of m-DCs obtained after a 9-day culture and matured in the presence of dinoprostone or sulprostone
at different concentrations for 48 h. Viability was calculated using trypan blue exclusion test as percentage of viable cells on the total cell
number; purity was defined as percentage of DCs on the total cell number (lymphocytes and DCs; n = 4, n = 10 for dinoprostone and
sulprostone 1 µg/mL; #0.05 < P < 0.1). The recovery of m-DCs was calculated comparing the number of m-DCs with the initial number
of cultured PBMCs (n = 4, n = 10 for dinoprostone and sulprostone 1 µg/mL; *P < 0.05; **P < 0.01).
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amounts of HLA-DR, CD80 and CD209 markers
(Figure 4; n = 4, P = not significant [ns]; CD209 MFI
data not shown). In addition, we measured the se-
creted levels of pro-inflammatory cytokines in the
conditioned media collected after DC maturation.
Compared with media from dinoprostone-matured
DCs, media from 1 µg/mL sulprostone-matured DCs
contains higher levels of IL-10 (701.5 pg/mL and
964.6 pg/mL, respectively; n = 3, n = 5 for dinoprostone
and 1 µg/mL sulprostone conditions; *P < 0.05).The
levels of the other inflammatory cytokines did not sig-
nificantly change among samples and tested conditions
(Figure 5A).

Sulprostone-matured DCs are less effective to stimulate T
cells

To examine whether differences in co-stimulatory mol-
ecules expression phenotype and maturation status
between dinoprostone and sulprostone-matured DCs
impact on their efficacy to stimulate a T-cell re-
sponse, we performed an allogeneic potency assay by

means of INF-γ ELISPOT. Briefly, reference T cells
(105/well) were co-cultured in quadruplicate with
m-DCs in IFN-γ–coated ELISPOT plates at theT:DC
ratio of 10:1, in the presence of 0.005 mg/mL OKT3.
We found that, under suboptimal CD3 stimulation con-
dition, sulprostone-matured DCs were less efficient
to induce INF-γ secretion by CD3+ T cells.The mean
relative SFC number decreased to 65.7% (±9.6%),
80.3% (±16.4%) and 90.5% (±6.7%) with 1, 1.5 and
2 µg/mL sulprostone, respectively, compared with
dinoprostone-matured cells (100%; n = 3,
#0.05 < P < 0.1). Interestingly, we observed that 1 µg/
mL sulprostone-matured DCs had the lowest capacity
to stimulate allogeneic T cells (Figure 5B).

Discussion

Several clinical studies in which tumor-antigen-
loaded DCs are used as cancer therapeutic vaccination
indicate that the maturation status of DCs has an im-
portant role in initiating and directing anti-tumor
immune response [20,21].

Figure 2. Sulprostone stimulates the adhesion and induces a stretch phenotype on DCs. (A) Scatter plot represents the mean relative ad-
hesion of DCs matured in the presence of different concentrations of sulprostone compared with dinoprostone. m-DCs were recovered
and analyzed; thereafter the firmly adherent cells were harvested with subsequent cycles of cooling and washing and counted. (B) Repre-
sentative phase-contrast micrographs demonstrating an increased number of DCs with stretched, flattened and adherent phenotype after
maturation in the presence of sulprostone (first row #1 original magnification 10x; second row #2 original magnification 20x).
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m-DCs display highly efficient antigen process-
ing and presentation machinery and are characterized
by down-regulation of antigen-capture activity, in-
creased expression of surface major histocompatibility
complex (MHC) class II molecules and co-stimulatory
molecules, as well as acquisition of CCR7 which allows
migration of the DC to the draining lymph node.

Indeed, it has been convincingly demonstrated that
the maturation state of the cells critically influences
the efficacy of DC vaccines, mainly related to a ter-
minal differentiation process that transform DCs from
poorly immunostimulatory cells specialized in antigen
capture into cells specialized in T-cell stimulation
[22,23]. To date, most clinical trials have been con-
ducted with DCs matured with the Jonuleit maturation
cytokine cocktail referred to as the “gold standard”
[12]. Indeed, this cocktail was shown to be superior
to iDCs in several clinical studies and durable clini-

cally responses were reported [10,24–26]. Altenatively,
Kalinski and co-workers developed a “megacytokine
cocktail” protocol consisting of five reagents: TNF,
IL-1β, PolyI:C, INF-α and INF-γ. DCs matured with
this cocktail, also called alpha-type 1-polarized DCs
(αDC1s), exhibit superior immunogenicity and retain
the ability of CCL21-directed migration, although they
are less effective than standard m-DCs [27]. Similar
to αDC1s, other groups have combined single toll-
like receptor (TLR) ligands (polyinosinic–polycytidilic
acid [PolyI:C], lipopolysaccharide [LPS] or
monophosphoryl lipid A [MPLA]) with INF-γ to po-
tently induce IL-12 secretion and tumor-specific
immune response. Nevertheless, in some studies, DC
maturation with these combinations resulted in reduced
viability and increased adherence to cell culture plastic
[28–30]. Furthermore, the potent early stage activa-
tion induced in DCs by stimulation with LPS and

Figure 3. Sulprostone modifies migratory properties and CCR7 expression on m-DCs. Sulprostone reduces migration of DCs. (A and B)
m-DCs obtained with 1, 1.5 and 2 µg/mL of sulprostone or 1 µg/mL dinoprostone were loaded in the upper chamber of 5-mm pore PET
inserts. CCL19 (250 ng/mL), CCL21 (250 ng/mL), a combination of CCL19 and CCL21 (125 ng/mL each) or RPMI media alone (control
for spontaneous DC migration) were added in the bottom chamber as chemoattractants. DCs were allowed to migrate for 3 h and mi-
grated cells were quantified using flow cytometry for a fixed period of 120 seconds at a constant speed.Values are given as mean counts of
migrated cell ± SEM. Histograms represent mean ± SEM of three independent experiments (A) and three or six for dinoprostone and sulprostone
1 ug/mL independent experiments (B) (Student t test; *P < 0.05; #0.05 < P < 0.1). (C) Bar diagram shows cumulative analysis of CCR7
MFI for 4 independent experiments. On the right, the histogram shows mean fluorescence intensity (MFI) of CCR7 in one representative
sample calculated subtracting the relative isotype control. Grey histogram represents the dinoprostone 1 µg/mL condition; dotted, dashed
and complex line histograms represent sulprostone 1, 1.5 and 2 µg/mL conditions, respectively.
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INF-γ is followed by a late stage concomitant activa-
tion of regulatory mechanisms, such as the expression
of indoleamine 2,3‑dioxygenase (IDO) on 48-h
matured DCs, which in turn induce regulatory activ-
ity in allogenic T cells [31].

The most impressive difference between stan-
dard matured and polarized DCs is the inclusion of
prostaglandin E2 (PGE2). This lipid mediator, also
called dinoprostone, stimulates a broad spectrum of
responses in immune cells and critically regulates DC
generation, maturation and migration through four
G-protein-coupled receptors (GPCR) subtypes (EP1–
4). Dinoprostone matured-DCs up-regulate the
expression of CCR7 and directly migrate toward
CCL21 gradient, but also induce a strong T-cell pro-
liferation [32–34]. By contrast, a reduced number of
previous data are available regarding the role of

sulprostone, a dinoprostone-synthetic anolog, on
myeloid cells [35–37].

In this study we aimed to extensively analyze the
effects of sulprostone on DCs, investigating whether
this molecular analog could replace dinoprostone in
the cytokine maturation cocktail to overcome its GMP
production discontinuation. To the best of our
knowledge, this is the first work in which the effect
of sulprostone on DC maturation is investigated.
From the GMP point of view, the use of sulprostone
is “safe”, meaning that DCs matured with this mol-
ecule give rise to a sterile product (i.e., endotoxin- and
mycoplasma-free). Moreover, in our experience
sulprostone does not considerably modify the purity
and the viability of DCs, but strongly reduces the re-
covery of cultured cells. Besides the poor recovery, we
observed a reduced number of DC clusters in

Figure 4. Exposure of DCs to sulprostone alters the surface expression of co-stimulatory molecules. m-DCs were stained with monoclo-
nal antibodies (mAbs) against antigen-presentation and co-stimulatory molecules. Bar diagrams show the MFI of DCs relative to four independent
experiments; histograms show the expression in one representative sample for each molecule. Grey histogram represents the dinoprostone
1 µg/mL condition; dotted, dashed and complex line histograms represent sulprostone 1, 1.5 and 2 µg/mL conditions, respectively. DCs
matured in the presence of sulprostone, independent from the used concentration, restrain high levels of CD14 surface expression. Sulprostone
does not significantly modify HLADR and CD80 surface expression on DCs. Conversely, CD83, CD86 and CD40 are importantly down-
regulated by sulprostone (Student t test; *P < 0.05; **P < 0.01; ***P < 0.001; #0.05 < P < 0.1).
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suspension and a high number of adherent DCs with
a very low motility. Indeed sulprostone, independent
from the used concentration, induces a stretched phe-
notype on DCs, hampering cells motility. Of note, these
features are some of the most extensively studied phe-
notypic characteristics that distinguish iDCs from the
mature counterpart [24,38]. These data consistently
show that sulprostone prevents the full maturation of
DCs, restraining them to an immature phenotype in
terms of adhesion and spreading proprieties. Further-
more, in a chemotaxis assay, dinoprostone- and
sulprostone-treated DCs performed completely dif-
ferently.We found that sulprostone impairs spontaneous
and directed DC migration toward CCL19 and
CCL21 chemokines independently from its concen-
tration and, interestingly, this is in line with the strong
down-regulation of CCR7 surface expression that we
observed on sulprostone-matured DCs. As explained

by others, CCR7 expression is required for the mi-
gration of mature DCs into the T-cell areas of the
lymph nodes where the antigen presentation takes place
[14,39,40]. Dinoprostone may thus have key regula-
tory functions in DC maturation, such as the transition
from adhesive to a strong migratory state, mediated
by the dissolution of specific integrin- and actin-rich
adhesive structures called podosomes; this behavior
is not recapitulated by sulprostone.

Besides stimulating DC migration, dinoprostone
plays a role in enhancing DCs ability to stimulate T
cells by inducing the up-regulation of co-stimulatory
receptors such as OX40L, CD70 and 4-1BBL early
during DC maturation, increasing the capacity to
induce proliferation of CD4+ and CD8+ T cells [41,42].
In line with this view, in our phenotypic analysis, we
found an impressive down-regulation of co-stimulatory
molecules and of maturation markers (e.g., CD83,

Figure 5. Sulprostone-matured DCs are less able to stimulate T cells. DCs were matured in the presence of dinoprostone or sulprostone
at different concentrations for 48 h, at which time the CM was harvested for multiplex enzyme-linked immunosorbent assay (ELISA) de-
termination of IL-1β, IL-6, IL-8, IL-10 and IL12p70. (A) Histograms represent the mean protein concentration in pg/mL ± SEM of independent
experiments.We measured a slight increase of IL-10 levels in 1 µg/mL sulprostone condition compared with dinoprostone condition (n = 3,
n = 5 for dinoprostone and 1 µg/mL sulprostone conditions; Student t test; *P < 0.05). (B) ELISPOT assay evaluated the number of INF-γ
SFCs in the presence of a sub-optimal amount of anti-CD3 antibody (CD3+ cells alone stimulated with a sub-optimal amount of anti-
CD3 antibody was considered the control condition). Data demonstrate less robust CD3+ INF-γ responses induced by sulprostone-
matured DCs compared with dinoprostone-matured DCs. Data are presented as percentage of means ± SEM from three different healthy
donor for three independent experiments and are referred to dinoprostone condition taken as 100% induction of INF-γ SFCs (Student t
test; #0.05 < P < 0.1).
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CD86 and CD40) in sulprostone-matured DCs com-
pared with dinoprostone-matured ones. Conversely,
the surface expression of the CD14 marker is main-
tained, suggesting the occurrence of an unsuccessful
DC maturation process. Lastly, we found that
sulprostone-matured DCs secrete slightly higher levels
of the immunosuppressive cytokine IL-10 and less ef-
ficiently induce INF-γ secretion by CD3+ T cells
compared with dinoprostone-matured cells.

Within the current study we did not investigate the
biological mechanisms behind the reported weak ac-
tivity of sulprostone on DC maturation compared with
dinoprostone. The observed reduced activity might
be mediated by the interplay of different GPCR sub-
types acting on the DC surface or due to a distinct
chemical activity exerted by the molecules inside the
cell, however, we are aware that all of these aspects
need further investigation.

Overall, the data described in this study repre-
sent the first exploration of the effects of the
dinoprostone-synthetic analog sulprostone on the DC
maturation process. Our findings suggest that
sulprostone induces only a partial differentiation state
on DCs and restrains them in an immature state.
Because the inclusion of sulprostone as a substitute
for dinoprostone in the cytokine maturation cocktail
of DCs not only reduces the recovery of cells, but also
impairs the functional quality of DCs, it should not
be considered an option in the production of DC-
based cancer vaccines.
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