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a  b  s  t  r  a  c  t

We  have  initially  shown  that  DC/ApoNec  vaccine  can  induce  protection  against  the  poorly  immunogenic
B16F1  melanoma  in  mice.  The  population  of  DC  obtained  for vaccination  after  7 days  culture  with  murine
GM-CSF  is  heterogeneous  and  presents  about  60%  of  CD11c+  DC.  Therefore,  our  purpose  was  to iden-
tify  the  phenotype  of  the  cells  obtained  after  differentiation  and  its immunogenicity  once  injected.  DC
were  separated  with  anti-CD11c  microbeads  and the  two  populations  identified  in  terms  of CD11c  pos-
itivity  (DC+  and  DC−)  were  also  studied.  Approximately  26.6%  of  the  cells  in DC+  fraction  co-expressed
CD11c+  and  F4/80  markers  and 75.4%  were  double  positive  for  CD11c  and  CD11b  markers.  DC+  fraction
also  expressed  Ly6G.  DC− fraction  was  richer  in  CD11c-/F4/80+  macrophages  (44.7%),  some  of which  co-
expressed  Ly6G  (41.8%),  and  F4/80-/Ly6-G+  neutrophils  (34.6%).  Both  DC+  and  DC−  fractions  displayed
similar  capacity  to phagocyte  and  endocyte  antigens  and  even  expressed  levels  of  MHC  Class  II and  CD80,
CD83  and  CD86  costimulatory  molecules  similar  to those  in  the  DC  fraction.  However,  only  DC/ApoNec

vaccine  was  capable  to  induce  protection  in  mice  (p  <  0.01).  After  24  h co-culture,  no  detectable  level  of
IL-12  was  recorded  in DC/ApoNec  vaccine,  either  in  supernatant  or intracellularly.  Therefore,  the protec-
tion obtained  with  DC/ApoNec  vaccine  seemed  to be  independent  of the  vaccine’s  ability  to  secrete  this
inflammatory  cytokine  at the  time  of  injection.  In conclusion,  we  demonstrated  that  all  cell  types  derived
from  the  culture  of  mouse  bone  marrow  with  GM-CSF  are  necessary  to  induce  antitumor  protection
in  vivo.
. Introduction

Myeloid dendritic cells (DC) are professional antigen-presenting
ells (APCs). Their capacity to capture and present Ags to naïve T
ymphocytes (TLs), have positioned them as promising tools in cell-
ased cancer immunotherapy [1–3].

Different protocols have been designed in order to generate

urine DC. These cells are differentiated in vitro from bone marrow

BM) progenitors using GM-CSF alone, generating a heterogeneous
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xactas y Naturales, Ciudad Universitaria, Universidad de Buenos Aires, IQUIBICEN-
ONICET, Intendente Güiraldes 2160, C1428EGA Buenos Aires, Argentina.
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population of cells, or in combination with IL-4, impairing the
development of granulocytes and monocytes [4,5].

DC have the capacity to mature and become immunogenic,
increasing their levels of MHC  Class I and II, adhesion and co-
stimulatory molecules, and secretion of inflammatory cytokines
like IL-12, which is essential to mount an immune response medi-
ated by Th1 cells [6]. In immunotherapy murine models, DC  were
frequently loaded with Ags peptides, whole tumor lysates, apop-
totic and necrotic cells or Ags coated with antibodies to target them
to DC via Fc�  receptors, and it has been possible to induce immune
protection and regression of established tumors in different types
of cancers [7–16].

Many clinical trials have been designed to evaluate the safety

or efficacy of DC-based vaccines. However, the responses obtained
to date have been modest [17–27].  Currently, only one autologous
cellular vaccine (Sipuleucel-T) has been approved by the FDA  for
the treatment of prostate cancer; and even so this vaccine only
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http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
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2.9. Statistical analysis

Data derived from morphological characterization were ana-
S. Campisano et al. / V

enerates an increase in patient survival of 4.1 months [28]. There-
ore, this promising but modest result underlines that more efforts

ust be made in order to improve the efficacy of DC-based vaccines.
In recent years, new properties have been attributed to cells that

ere initially associated only with the innate immune response
29–32]. Increasing evidence suggests that neutrophils, basophils
nd even eosinophils may  participate in the regulation of adaptive
mmune responses [33–37].

We have initially shown that BM derived DC, loaded with apop-
otic and necrotic cells (DC/ApoNec) can induce protection against
oorly immunogenic tumors in mice [11]. The population of DC
btained for vaccination is heterogeneous and presents about 60%
f CD11c+ DC. Therefore, our purpose was to identify the pheno-
ype of the cells obtained after differentiation with GM-CSF, and
ts immunogenicity in vivo once injected. Here we  show results
n relation to the phenotypic and functional properties after cell
eparation in terms of CD11c positivity. Endocytic and phagocytic
apacity, cytokine production and immunostimulating potency in
itro, and immune protection in vivo, were compared to the original
eterogeneous population.

. Materials and methods

.1. Animals and cell line

8–10-Week-old male C57BL/6 (HH-2b) and BALB/c mice were
btained from the University of La Plata, Argentina. Mice were
aintained in pathogen-free conditions, and studies were per-

ormed in accordance with local ethical guidelines. The B16-F1
ine was maintained in culture in DMEM (Sigma–Aldrich, MO)  sup-
lemented with 10% heat-inactivated FBS (Natocor, Argentina),
00 U/ml penicillin and 100 �g/ml streptomycin (Life Technolo-
ies, Gaithersburg, MD). The line was periodically tested to be
ycoplasm-free.

.2. Induction of apoptosis and necrosis

After reaching 70–80% confluence, tumor cells were harvested
nd resuspended in DMEM for irradiation at 70 Gy (Siemens lineal
ccelerator). Irradiated cells were stored in liquid nitrogen until
se. Irradiated cells were thawed and cultured for 48 h.

Generation of DC, purification and co-culture with apoptotic and
ecrotic tumor cells (ApoNec)

DC were cultured as previously described [38]. On day 7, DC
ere harvested. A fraction remained unsorted and the rest was
agnetically labeled with anti-CD11c microbeads (Miltenyi Biotec,
ermany). The retained fraction (DC+) was separated from the
luted (DC−) by positive selection. DC, DC+ and DC− cell fractions
ere assayed for in vitro analysis and co-cultured with ApoNec cells

n a 1/1 ratio for 24 h in the DC conditioned medium.

.3. Mice vaccination

2 × 105 DC/ApoNec, DC+/ApoNec, DC−/ApoNec or vehicle (PBS)
ere injected s.c. once a week for 4 weeks in the left flank. The
16 challenge (1.3 × 104 viable cells) was administered on the right
ank one week after the last vaccine. Groups of ten mice per vacci-
ated group were used. Animals were monitored for tumor growth
nd killed when tumors displayed a size of 400 mm3.

.4. Flow cytometric analysis
DC, DC+ and DC− cell fractions were blocked with goat serum or
nti-mouse CD16/32 (clone 2.4G2), (BD Bioscience, NJ). Cells were
ncubated with primary monoclonal antibodies (mAbs): CD11c-
E (HL3), Ly6G-PE (1A8), I-Ab (AF6-120.1), CD80 (1G10/B755),
e 31 (2013) 354– 361 355

CD83-APC (Michel-19), CD86 (GL1), (all from BD Biosciences);
F480 (CI:A3-1), (AbD Serotec, Germany) or rat anti-mouse CD11b
hybridoma supernatant. For indirect immunofluorescence, incu-
bation with primary mAbs was followed by the secondary Ab:
polyclonal goat anti-mouse immunoglobulins-FITC (DakoCytoma-
tion, Denmark) or goat anti-rat cy5 conjugated IgG (Jackson, PA).
Cells were fixed in 2% paraformaldehyde and analyzed using a FACS
ARIA flow cytometer. Isotype-matched irrelevant mAbs were used
as negative controls.

2.5. Phagocytosis assay

After irradiation, ApoNec cells were dyed using PKH26
(Sigma–Aldrich, MO)  and co-cultured with DC, DC+ or DC− cell
fractions, that were dyed with CFSE (Sigma Aldrich, MO). After 24 h,
were fixed and analyzed by flow cytometry. Phagocytosis of ApoNec
was  defined by the percentage of double-positive cells.

2.6. Endocytosis assay

DC, DC+ and DC− cell fractions, with or without LPS
(Sigma–Aldrich, MO)  (2 �g/ml) for 24 h, were incubated with FITC-
dextran (Invitrogen, CA) (1 �g/�l), at 37 ◦C or 0 ◦C for 30 min. The
uptake was stopped with PBS. Cell fractions were fixed and ana-
lyzed by flow cytometry.

2.7. Mixed lymphocyte reaction (MLR)

DC, DC+ and DC− cell fractions, co-cultured or not co-cultured
with ApoNec cells, were treated with mitomycin C (Delta Farma,
Argentina) (20 �g/ml), and used as stimulators cells. Effector allo-
geneic TLs were obtained from lymph nodes of BALB/c mice. Three
stimulator/effector ratios were used (1/10, 1/100 and 1/1000),
maintaining effectors constant at 2 × 105 cells/well. Concavalin A
(3 �g/ml) was used as positive control. After 3 days, 3H-thymidine
(0.5 �Ci/well) were added to the MLR  co-cultures and incubated
overnight. The cells were harvested with a Nunc Cell Harvester 8
(Nalge Nunc International Corp., USA) and the 3H-thymidine uptake
was  determined with a liquid scintillation counter.

2.8. Cytokine production

IL-12 and IL-10 secretion was  measured in the supernatants
derived from DC/ApoNec, DC/ApoNec plus IFN-� (1000 U/ml) + LPS
(1 �g/ml), DC alone or DC plus IFN-� (1000 U/ml) + LPS (1 �g/ml),
using an enzyme-linked immunosorbent assay (ELISA) with the
corresponding BD OptEIATM Set Mouse (BD Bioscience, NJ). Sam-
ples of supernatant were taken every 6 h over a period of 24 h. For
detection of intracellular cytokine reservoirs, DC, DC/ApoNec and
ApoNec cells were treated with Brefeldin A (Sigma–Aldrich, MO),
fixed, permeabilized and incubated with mAbs: rat anti-mouse
IL-12-APC (p40/p70) or IL-10-APC (JES5-16E3), (BD Biosciences,
NJ). Isotype-matched irrelevant mAbs were used as negative
controls.
lyzed by a contingency table (Chi2 statistic). For statistical analysis
of the other experiments One-Way ANOVA of variance and Tukey’s
Comparison Test were used. Differences were considered signifi-
cant when p < 0.05.
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Fig. 1. Cell morphologies by May-Grünwald Giemsa staining. Neutrophils (dotted arrows) and mononuclear cells (full arrows) morphologies present in BM precursors,
o al ma
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btained from femurs and tibias (A), DC (B), DC+ (C) and DC− (D) fractions. Origin
black  bars) in each fraction. Counts were performed on one hundred cells per sme

. Results

.1. Fractions DC, DC+ and DC− differ in their constitutive
roportion of neutrophils and cells of the mononuclear system

DC were differentiated in vitro from BM precursors in the pres-
nce of GM-CSF. After separation with anti-CD11c microbeads, two
opulations identified in terms of CD11c positivity were also stud-

ed: DC+ and DC−.  The morphology of BM precursors and cells
ncluded in each fraction were analyzed by May-Grünwald Giemsa
taining.

BM cells contained a large variety of precursors, some of

hich presented a segmented nucleus typical of mouse neutrophils

Fig. 1A). After 7 days culture with GM-CSF and immunomagnetic
eparation, the DC+ fraction was up to 98% richer in mononuclear
ells, while almost all neutrophils contained in the unpurified DC
gnification 1000×. (E) Percentage of neutrophils (gray bars) vs.  mononuclear cells
2 < 0.0001.

population were collected in the DC− fraction (40%) (Figs. 1B–D).
Differences in percentages among DC, DC+ and DC− were statisti-
cally significant, Chi2 < 0.0001 (Fig. 1E).

3.2. Determination of surface Ags in DC, DC+ and DC− cell
fractions

Cells from DC, DC+ and DC− fractions were incubated with the
corresponding Abs and analyzed by flow cytometry.

As expected, the percentage of CD11c+ staining was higher in the
DC+ fraction (mean ± SD, 77.6 ± 15.1%) and differed significantly

from unpurified DC (mean ± SD, 50.3 ± 8%; p < 0.01) and from DC−
(mean ± SD, 15.4 ± 4.2%; p < 0.001) (Supplementary Fig. S1).

Supplementary material related to this article found, in the
online version, at http://dx.doi.org/10.1016/j.vaccine.2012.10.114.

http://dx.doi.org/10.1016/j.vaccine.2012.10.114
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ig. 2. Surface antigens in DC+ and DC− cell fractions. After separation with CD11c
nd  analyzed by flow cytometry. Density plots for double determinations are show
acrophages; 5: CD11c-/CD11b+ cells; 6: CD11c-/F4/80+/Ly6-G+ macrophages; 7: 

Approximately 26.6% of the cells included in DC+ fraction co-
xpressed CD11c+ and F4/80 markers, and 75.4% were double
ositive for CD11c and CD11b markers (Fig. 2). The DC+ fraction also
xpressed Ly6G (Fig. 2), a marker typically found in granulocytes.
he CD− fraction was richer in CD11c-/F4/80+ cells (44.7%), a phe-
otype attributable to macrophages, some of which co-expressed
y6G (41.8%). Cells with a F4/80-/Ly6-G+ phenotype (34.6%) pre-
ented characteristics of neutrophils (Fig. 2), according to literature
39].

Similar MCH  Class II, CD80, CD83 and CD86 levels were
xpressed by both DC− and DC+ fractions (Supplementary
ig. S2).

Supplementary material related to this article found, in the
nline version, at http://dx.doi.org/10.1016/j.vaccine.2012.10.114.
.3. Uptake efficiency of DC, DC+ and DC− cell fractions

The capacity of cells in each fraction to phagocyte ApoNec cells
nd to endocyte particles of FITC-dextran was examined.
beads, cells were incubated with anti-mouse CD11c, F4/80, Ly6G and CD11b mAbs
D11c+/F4/80+ DC; 2: CD11c+/CD11b+ DC; 3: CD11c+/Ly6-G+ DC; 4: CD11c-/F4/80+
-/F4/80-/Ly6-G+ neutrophils. Results are representative of 2–10 experiments.

DC (24.5%), DC+ (27%) and DC− (31.8%) presented similar effi-
cacy to phagocyte ApoNec cells (Supplementary Fig. S3), and to
endocyte FITC-dextran particles: DC (59.5%), DC+ (48.1%) and DC−
(57.9%) (Supplementary Fig. S3). After incubation with LPS, the
endocytic capacity diminished statistically in all fractions com-
pared to those unexposed to LPS, p < 0.001 (data not shown),
demonstrating that cells are not completely mature after 7 days
culture with GM-CSF, and are still capable of reacting to maturative
stimuli.

Supplementary material related to this article found, in the
online version, at http://dx.doi.org/10.1016/j.vaccine.2012.10.114.

3.4. Allostimulatory activity (MLR)

DC, DC+ and DC− cell fractions co-cultured or not co-cultured

with ApoNec, were used as stimulators cells. Effector allogeneic TLs
were obtained from lymph nodes of BALB/c mice.

All fractions were capable of stimulating naïve TLs as com-
pared to unstimulated ones (medium vs. DC p < 0.001; medium

http://dx.doi.org/10.1016/j.vaccine.2012.10.114
http://dx.doi.org/10.1016/j.vaccine.2012.10.114
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Fig. 3. Mixed lymphocyte reaction. DC, DC+ and DC− cell fractions, co-cultivated or not co-cultivated with ApoNec cells, were treated with Mitomycin C and used as stimulator
c valin A
s

v
p
b
D
t
D
(

3

i
C
w
n
a
t
m
(

F
c
a
m
w
p

ells  of allogeneic naïve TLs. 3H-thymidine was added 18 h before harvesting. Conca
timulator/effector ratio of 1/10 is shown.

s. DC+ p < 0.001; medium vs. DC− p < 0.001); (ApoNec vs. DC
 < 0.01; ApoNec vs. DC+ p < 0.001; ApoNec vs. DC− p < 0.001),
eing DC+ the most powerful stimulator (DC+ vs. DC p < 0.001;
C+ vs. DC− p  < 0.001). After co-culture, DC+ and DC− diminished

heir stimulatory capacity (DC+ vs. DC+/ApoNec p < 0.001; DC− vs.
C−/ApoNec p < 0.01), while remaining statistically the same in DC

Fig. 3).

.5. DC+ and DC− fractions cooperate to confer protection in vivo

As DC is a heterogeneous population, previously reported
mmunity in vaccinated mice might have been exclusively due to
D11c+ subpopulation. In order to determine whether CD11c+ DC
ere the sole responsible for protection in vivo, mice were vacci-
ated s.c. weekly with DC/ApoNec, DC+/ApoNec or DC−/ApoNec
nd challenged one week later. Only the vaccine generated with

he unselected DC (DC/ApoNec) was capable of protecting the ani-

als significantly from the challenge with melanoma viable cells
Fig. 4).

ig. 4. In vivo protection assay. After completion of the vaccination schedule and
hallenge, the mice were monitored every day for tumor growth over 14 weeks. An
verage of 2 experiments (twenty animals per each vaccinated group) is shown. The
ean percentage of tumor-free animals vaccinated with DC/ApoNec after 14 weeks
as  45%, DC+/ApoNec: 0%, DC−/ApoNec: 15% and PBS: 0%. (*) DC/ApoNec vs. PBS,

 < 0.01, DC/ApoNec vs. DC+/ApoNec, p < 0.01; DC/ApoNec vs. DC−/ApoNec, p < 0.05.
 (3 �g/ml) was used as positive control. One of 2 representative experiments, with

3.6. DC/ApoNec vaccine does not secrete IL-12 at the time of
administration and does not have intracellular reservoirs

In order to determine if DC/ApoNec vaccine efficacy could be
related to an active secretion of IL-12 by the phagocytic cells con-
tained in the heterogeneous vaccine at the time of administration
to animals, secretion of this cytokine was  determined in the super-
natants derived from DC/ApoNec, DC/ApoNec plus IFN-� + LPS, DC
alone or DC plus IFN-� + LPS, at regular intervals over a period of
24 h.

DC alone and DC/ApoNec vaccine did not secrete detectable lev-
els of IL-12 over 24 h. In contrast, when either DC or DC/ApoNec
were incubated with IFN-� + LPS, a high level of IL-12 was
recorded, but only in the first 6 h of co-culture (mean ± SD,
1430 ± 73 pg/ml and 621 ± 17.4 pg/ml respectively). Thereafter, the
secretion decreased to undetectable levels in 24 h (Fig. 5A).

In addition, IL-10 was not detectable in the supernatants
of either DC or DC/ApoNec vaccine over 24 h. However, when
DC/ApoNec was  incubated with IFN-� + LPS, a low quantity of IL-10
was  secreted, but also only in the first 6 h of co-culture (mean ± SD,
38.9 ± 12.2 pg/ml), and became undetectable after 24 h (data not
shown).

Moreover, to explore whether DC/ApoNec vaccine has the ability
to synthesize IL-10 and/or IL-12, intracellular detection of cytokines
was  performed by flow cytometry. As seen in histograms (Fig. 5B),
neither DC/ApoNec nor DC have intracellular reservoirs of such
cytokines.

4. Discussion

We  found that murine BM precursors cultured for 7 days with
GM-CSF allowed the development of a heterogeneous population
enriched in CD11c+ DC, with a significant proportion of neutrophils
and macrophages.

Certain authors have identified morphologically and even func-
tionally mature neutrophils in mouse BM [40], which is partly
consistent with our observations after May-Grünwald Giemsa
staining. Although it is known that these cells have a short survival
period in blood, it was not surprising to find them in our cultures.
GM-CSF generates anti-apoptotic signals that prevent neutrophil
apoptosis [41], and even stimulate an increase in the expression of

activation markers like CD11b [42]. However, this marker is also
expressed in other cells belonging to the myeloid lineage [43,44],
thus explaining the high percentage of CD11b we have found in all
cell fractions.
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ig. 5. Secretion of IL-12 over a period of 24 h (A). Intracellular reservoirs of IL-10 a
ase  (A) and (B), 1 of 2 representative experiments is shown.

After separation with anti-CD11c microbeads, macrophages and
eutrophils were selected in the DC− fraction, representing a 40%
f the total number of cells evidenced by May-Grünwald Giemsa
taining. It should be noted that this result was coincident with
hose obtained employing anti-Ly6-G mAbs (34.6%). Likewise, the

ercentage of neutrophils identified in DC fraction by nuclear
taining (20%) and mAbs (26.6%), was also similar. In contrast, in
he DC+ fraction only 2% of the total number of cells was iden-
ified as neutrophils by their typical nuclear morphology, while

ig. 6. In vivo mechanism of interaction between DC/ApoNec vaccine components and 

hat  attract and activate macrophages, DC CD11c+ and TLs from the host immune syste
lycosylation-dependent interactions. Immature DC CD11c+ (iDC) and macrophages (iMø
n  vitro and in vivo interact with TLs. Some APCs go to secondary lymphoid organs. mDC: m
ecretion; green arrows: differentiation; pink arrows: recruitment. (For interpretation of
he  article.)
2 after 24 h of culture (B). Empty histograms represent the isotype control. In each

19.7% expressed Ly6-G. This suggests that the remaining percent-
age of Ly6-G expressed in this fraction is associated with CD11c+
DC.

Cells belonging to the mononuclear system and granulocytes
have many common features as a consequence of deriving from

committed BM progenitors [45]. Thus, they share some markers.
In DC and DC+ we have identified a subpopulation of cells that
expressed both CD11c and F4/80. It has been shown that cer-
tain myeloid cells co-express these two  markers and display a

host immune system. Vaccination site: activated neutrophils (aN) release factors
m. These factors increase survival of neutrophils, that induce DC maturation via
) phagocytes ApoNec cells, mature and secrete IL-12. APCs that have been matured
ature DC; mMø:  mature macrophage; ROS: reactive oxygen species. Dotted arrows:

 the references to color in the artwork, the reader is referred to the web version of
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henotype that some authors prefer to classify as “dendritic cells
hat still express F4/80” [46], while others prefer to categorize them
s “macrophages expressing CD11c” [47].

Furthermore, we identified a subpopulation that co-expresses
4/80 and Ly6-G markers. Some authors have found double-
ositive myeloid cells (F4/80+ Ly6G+) in the peritoneal cavity of
ice in response to systemic bacterial infections after treatment
ith monophosphoryl lipid A. This population has characteristics

onsistent with the monocyte/macrophage lineage [39].
After separation by CD11c expression, DC+ and DC− fractions

isplayed similar capacity to phagocyte and endocyte Ags, and
xpressed similar levels of MHC  Class II, CD80, CD83 and CD86. Cer-
ain evidence tends to highlight CD11c+ DC as professional APCs
or primary T-cell responses, and macrophages as APCs that par-
icipate in amplifying the immune responses initiated by them.
owever, increasing evidence suggests that neutrophils may  com-
unicate with TLs and even signal DC, inducing its maturation

29–31,33–35].
Considering that all the above mentioned cell subtypes were

resent in the DC fraction, with similar capacities of uptake and
otential ability to cooperate with one another, it is explainable
hat vaccination with DC/ApoNec generates better protection than
C+/ApoNec or DC−/ApoNec.

DC+ cells were the most powerful stimulator of TLs. But strikin-
ly, after co-culture, DC+ and DC− diminished their stimulatory
apacity while this did not happen with unselected DC. It has
een reported that apoptotic cells can secrete immunosuppressive
ytokines such as IL-10 as they die, and do not induce MLR  stimu-
atory activity [48,49]. In light of this evidence, we  wanted to rule
ut that our mixture of ApoNec cells were not secreting IL-10 after
4 h culture. No detectable levels of this cytokine were found (data
ot shown), indicating that the decrease in the MLR  stimulatory
ctivity after co-culture DC+ and DC− with ApoNec cells was  not
ue to the above mentioned possibility.

In addition, as no detectable level of IL-12 was recorded, either
n supernatant or intracellular, it was considered that the protec-
ion obtained was independent of the vaccine ability to secrete this
ytokine at the time of being injected into animals.

In a previous study we found that both CD4+ and CD8+ TLs were
equired for the antitumor response observed [11]. Therefore, we
uggest that the shift of the balance Th1/Th2 to an inflammatory
h1 response occurred after completion of the vaccination schedule
nd at the vaccination site.

We  previously identified a neoformation of tertiary lymphoid
issue at the site of DC/ApoNec administration [38]. Then, it would
e possible that DC+/ApoNec and DC−/ApoNec vaccines lack the
bility to generate that structure, altering their ability to induce an
ffective immune response in vivo.

In conclusion, we have demonstrated that all cell types derived
rom the culture of mouse BM with GM-CSF are necessary to induce
ntitumor protection in vivo.

We  have hypothesized (Fig. 6) that in the vaccination site, acti-
ated neutrophils derived from the vaccine would be releasing
actors [30,34,35,50–52], which would be attracting and activating

acrophages, DC and TLs from the host immune system.
In the presence of ApoNec cells, neutrophils would be inducing

C maturation via glycosylation-dependent interactions between
ac-1 and DC-SIGN [33,53–55].
Immature DC CD11c+ and macrophages could be phagocyting

poNec cells in vivo, secreting IL-12 and attracting more TLs.
APCs that have been matured in vitro and in vivo may  be inter-

cting with TLs reaching the vaccination site. However, some APCs

ould travel to secondary lymphoid organs to initiate the activa-

ion of naive TLs.
In conclusion, we present a model by which every cell present

n the vaccine are important to induce in vivo protection to mice.

[

e 31 (2013) 354– 361

The implications of this model in human vaccination with DC
may  be important, since in humans, DC are generally derived from
blood circulating monocytes and matured in vitro by the addition
of GM-CSF and IL-4. It would be important to determine if the pres-
ence of other myeloid cells such as those described in this paper
would increase the vaccine efficiency.
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