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A B S T R A C T

Dendritic cells (DC) have the unique ability to capture microorganisms and activate naive T lymphocytes.
Obtaining DC derived from progenitors demands high cost and prolonged cultivation. Different immortalized DC
has been isolated but most of them have immature phenotype and depending on growing factors or other stimuli
to be used. In this study we characterized the cell line AP284 as a DC. AP284 cells express high levels of CD11b,
MHC class II, 33D1 and CD209b. They also express high amounts of CD80 costimulatory molecule and different
toll like receptors (TLR). After stimuli with TLR agonist they produce surprising amount of IL-12p40 related to
IL-23 formation but not IL-12p70. They are also able to produce IL-6 and favor amplification of a Th17 but not
Th1 profile. This DC line may be useful for a better understanding of factors and cellular interactions responsible
for the induction of IL-12p40, IL-23 and Th17 generation.

1. Introduction

Dendritic cells (DC) were initially described in 1973 by Steinman
and Cohn as a novel cell type with unique morphological characteristics
[1]. Currently, several DC populations have been described and sepa-
rated based on different criteria, such as expression of surface markers,
function and location [2]. DC have the unique ability to capture mi-
croorganisms, migrate to peripheral lymphoid organs and activate
naive T lymphocytes [3]. To recognize microorganisms, DC present a
variety of Pattern Recognition Receptor (PRR), of which, the Toll-like
receptors (TLR) are studied most extensively [4,5].

When activated, DC produce different types of cytokines that sti-
mulate differentiation of distinct CD4+ T lymphocyte profiles [6]. For
instance, IL-12 induces generation of Th1 lymphocytes, which are im-
portant to control intracellular microorganisms [7,8]. IL-4 induces
generation of Th2 lymphocytes, which are important in helminthic
infections, but have a pathogenic role in allergic diseases [9]. Produc-
tion of IL-6 and TGF-β induces generation of the Th17 profile, im-
portant for the control of extracellular bacteria and fungi [10], while
TGF-β can also lead to induction of T-regulatory cells (Treg), important
for the control of the immune response [11].

IL-12 belongs to a family of cytokines that share subunits [12]. The
IL-12p40 subunit links covalently to IL-12p35 to form IL-12p70 [13].

IL-12p40 can also combine with a IL-23p19, subunit forming IL-23
[12]. IL-23 is produced mainly by DC and is indispensable for the
maintenance and amplification of Th17 cells, although it is not essential
for their initial differentiation [14].

Due to the importance of DC in inducing differentiation of T lym-
phocytes, and their key role in regulating immune responses, DC are a
potential target for vaccine generation and immunotherapy [15]. The
main way to generate murine DC for research is by stimulating bone
marrow progenitor cells with Granulocyte-Macrophage Colony-Stimu-
lating Factor (GM-CSF). However, the yield of DC derived from hema-
topoietic progenitors may be limiting for some experimental ap-
proaches. In addition, obtaining these cells in vitro demands high cost
and prolonged cultivation [16]. To overcome these difficulties, im-
mortalized DC have been isolated and are widely used in research [16].

The first immortalized murine DC generated was the CB1 cell line
derived from DBA/2 mice followed by the D2SC/1 derived from BALB/
c mice. They were immortalized by retroviral infection of spleen cells
with a recombinant retrovirus encoding the v-myc oncogene of the
avian MH2 virus fused to the env gene of the AKR leukemia virus
[17,18]. Both the CB1 and the D2SC/1 line present a semi-mature
phenotype with intermediate to high expression of MHC I, MHC II and
CD80 molecules. Another murine immortalized DC generated is the
fetal skin line, FS57 from C57BL/6 [19]. This line has an immature cell
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profile, and is therefore less effective in activation of T lymphocytes in
vitro, but can be stimulated to mature in the presence of GM-CSF and
IFN-γ [19]. The DC2.4 cell line was derived from bone marrow of
C57BL/6 mice [20], and the cells exhibit a semi-mature phenotype in
their resting state, but increase the expression of MHC molecules,
costimulatory molecules, and the production of various proin-
flammatory cytokines following viral infection or stimulation with cy-
tokines or TLR agonists [21–23]. The SVDC line (C57BL/6 origin) re-
quires GM-CSF for its maintenance in vitro. This cell line grows at 33 °C,
but stops to grow at temperature higher than 37 °C and dies at a 39 °C
[24]. The SRDC line from CBA/J mice also has an immature phenotype
and can become mature in the presence of LPS or Toxoplasma gondii
antigen [25], similar to the D1 line isolated from the spleens of C57BL/
6 mice that depend on LPS and GM-CSF to become mature [20,26,27].
Since most immortalized DC have immature phenotype and because
AP284 cells was isolated from a spontaneous spleen tumor and was
described as mature macrophage able to capture and present antigens
to reactive T lymphocyte clones, inducing proliferation of the latter
[28], we decided to investigate whether AP284 cells are more related to
DC than a macrophage cell line. Here we showed that AP284 cells ex-
press DC markers, and have the ability to amplify an immune response
ex vivo and skew T helper cell differentiation by producing IL-12 family
cytokines after stimulation with different TLR agonists. We observed
that AP284 cells are able to produce significant amounts of IL-12p40,
IL-6 and IL-23. In agreement, these cells promote the maintenance of
Th17 cells.

2. Material and methods

2.1. Mice

Male C57BL/6 mice were bred at the animal facilities of the Federal
University of Goiás/IPTSP, Brazil. The mice used were 6–12weeks old
and were maintained in a clean conventional mouse facility with ad
libitum access to water and food. All experimental procedures were
conducted according to the guidelines of the Animal Research Ethical
Committee (CETEA) of the Federal University of Goiás, approved under
the protocol 038/2013.

2.2. Cell preparation and cultures

Bone marrow-derived dendritic cells (BMDC) were obtained based
on the most common protocol used [29], stimulating bone marrow cells
freshly isolated from the femurs and tibias of mice with GM-CSF. The
cell suspension was cultured in 6-well culture dishes (TPP Switzerland)
at 4×106 cells/mL for 6 days in RPMI 1640 medium (Sigma-Aldrich, St
Louis, MD, USA) supplemented with 1.0 g/L sodium bicarbonate (Lab-
synth, São Paulo, Brazil), 2 mM L-glutamine 100 U/mL penicillin,
100 μg/mL streptomycin sulfate, 50 μM 2-mercaptoethanol, 1M Hepes
(all reagents were from Sigma-Aldrich), 10% fetal calf serum (SBF-
Cripion, Andradina, São Paulo) inactivated (56 °C for 30min) and GM-
CSF at 10 ng/mL. The cultures were refreshed every 2 days by gently
swirling the plates, aspirating the medium, and adding back fresh
medium with GM-CSF at 10 ng/m. RAW264 cells (American Type
Culture Collection) and AP284 cells [28] were cultured in 6-well plates
in RPMI-supplemented medium as described above, without GM-CSF.
Cultures were started at 2×105 cells/mL and expanded every 3 or
4 days.

2.3. Antibodies for cell markers

The following specific antibodies were obtained from hybridoma
cultures: anti-CD11b (clone M1/70), anti-MHCII (clone ER-TR3), anti-
CD209b SIGNR1 (clone ER-TR9), 33D1 (clone 33D1), anti-CD4 (clone
GK1.5), anti-CD8 (clone 31M), anti-CD16/32 (clone 2.4G2), control
antibodies IgG1 (clone GL113) and IgG2b (clone GL117). Commercial

antibodies anti-CD107b (clone MAC3, Bioscience-BD, New Jersey,
USA), anti-TLR2 FITC-labeled (clone T2.5, Abcam, Cambridge, UK),
anti-TLR4/MD2 FITC-labeled (clone MTS510, Abcam), anti-TLR3 PE-
labeled (Biolegend, San Diego, CA, USA), anti-TLR5 Alexa Fluor- la-
beled (Biolegend), anti-TLR7 FITC- labeled (Invitrogen, Waltham,
USA), anti-TLR9 FITC-labeled (Molecular Probes, Eugene, USA), anti-
CD40 (clone 1C10, Bioscience-BD), anti-CD80 (clone 1G10/B7,
Bioscience-BD), anti-CD11c (clone HL3, eBioscience).

2.4. Flow cytometry

AP284, BMDC and RAW264 cells were collected from culture,
centrifuged and suspended at 2× 105 cells in 100 μL PBS containing
2% FBS, 5mM EDTA and 0.02% sodium azide (FACS buffer). To label
surface markers, the cells were incubated with specific antibody either
or not conjugated with fluorescent probe, or with the respective control
isotype for 20min at room temperature. Cells incubated with unlabeled
antibodies were washed with FACS buffer and suspended in FACS
buffer containing FITC-conjugated goat anti-rat IgG antibody
(eBioscience) and incubated again for 20min. Finally, cells were wa-
shed and suspended in 100 μL FACS buffer. Twenty thousand events
were acquired for each sample in a flow cytometer (BD Accuri™ C6
Cytometer - BD Biosciences). The percentage of labeled cells and the
fluorescence increase were analyzed in FCS Express version 4.0 soft-
ware (De Novo Software, Los Angeles, CA., USA).

To label intracellular markers the cells were suspended in 50 μL
FACS buffer and incubated for 15min with 4% paraformaldehyde
(Merk, Darmstadt, Germany) in PBS. The cells were washed twice with
FACS buffer and suspended in 0.02% saponin (Sigma-Aldrich) in PBS
for 15min. After washing the cells twice with FACs buffer cells were
incubated with anti-TLR3, TLR7 and TLR9 antibodies.

2.5. Stimuli

AP284 and BMDC cells were treated for 24 h with the following TLR
agonists: a TLR4 agonist lipopolysaccharide (LPS, Escherichia coli O111:
B4; Sigma-Aldrich); a TLR2 agonist zymosan from Saccharomyces cere-
visiae (Sigma-Aldrich); a TLR2/TLR6 agonist FSL-1 Syn from
Mycoplasma salivarium (Pam2CGDPKHPKSF; InvivoGen, San Diego,
Califórnia, EUA); a TLR7/TLR8 agonist resiquimod (1–4 Amino-2-
ethoxymethylimidazo 4,5C, R848; Sigma-Aldrich); a TLR9 agonist CpG
(ODN 2006 MACS; Miltenyi Biotec, Bergisch Gladbach, Germany); a
TLR5 agonist Flagellin from Salmonella typhimurium (Sigma-Aldrich) or
heat-killed Escherichia coli (ATCC® 11,229™). E. coli were cultured in
thioglycollate medium (NIH Thioglycollate Broth, Himedia, India) at
37 °C for 48 h, washed twice in PBS and heated at 90 °C for 30min prior
to use. The number of bacteria was quantified by turbidity as previously
described [30]. In some experiments, cells were pretreated with 0.2 ng/
mL IFN-γ (R&D Systems, Minneapolis, USA) for 2 h prior to addition of
the stimuli. AP284 and BMDC were also stimulated with gamma-irra-
diated Bacillus Calmette-Guérin (BCG, Statens Serum Institut, Artil-
leivej, Denmark).

2.6. Determination of nitric oxide (NO) production

AP284 and BMDC (5×105) were stimulated with LPS or E. coli
bacteria and incubated for 24 h. After this time, culture supernatant was
collected and NO production assessed by Griess method [31]. Briefly,
culture supernatant (50 μL) was incubated with an equal volume of the
Griess reagent (0.5% sulfanilamide, 0.05% N-1-naphthylethylenedia-
mine dihydrochoride and 2.5% ortho-phosphoric acid) for 10min at
room temperature. The absorbance at 550 nm was determined in a
microplate reader (Multiskan, Thermo Labsystems, Finland). The re-
sults were expressed as μM of nitrite based on a standard curve estab-
lished with known concentrations of sodium nitrite (NaNO2, Sigma-
Aldrich) dissolved in culture medium with a detection limit of 1.5 μM.
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2.7. Cytokine detection

Cytokine levels in the culture supernatants were measured by two-
site sandwich ELISA. The following antibodies pairs were used, and the
second cited was biotinylated: IL-12p40 (clones C17.8 and C15.6) and
IL-12p70 (clones C18.2 and C17.15) were from hybridomas donated by
Dr. Giorgio Trinchieri (National Cancer Institute, Frederick, MD, USA);
IL-23, G23.8 (Biolegend) and C17.15; IFN-γ (clones XMG 1.2 and ASN-
18) were from hybridomas donated by Dr. Ises Abrahamsohn
(University of São Paulo, Brazil). Commercial kits were used for de-
tection of IL-17 (R&D Systems), IL-10 (eBioscience), TNF-α
(eBioscience), IL-6 (Invitrogen). Standard curves were obtained with
recombinant mouse cytokines (Biolegend). The reaction was developed
with peroxidase-conjugated streptavidin followed by the substrate TMB
(Invitrogen) and the reaction was stopped with H2SO4. The super-
natants were tested in serial dilutions, and the results expressed as the
mean of duplicate determinations. The absorbance at 450 and 620 nm
was determined in an ELISA reader (Multiskan).

2.8. Viability analysis

AP284 cells were stimulated with LPS and IFN-γ and incubated for
24 h with sterile MTT reagent [3-(4,5-dimethyl-2-thiazolyl)-2,5-di-
phenyl-2H-tetrazolium bromide; Sigma-Aldrich] [32] at 36 °C for 6 h.
The reaction was stopped by the addition of 100 μL of aqueous solution
containing 50% dimethyl sulfoxide and 10% sodium dodecyl sulfate to
each well. The plate was incubated at 36 °C for 12 h, and the absorbance
at 550 nm was determined in an ELISA reader (Multiskan). AP284 were
killed by heat at 60 °C for 30min to obtain the negative control.

2.9. Generation of BCG-specific lymphocytes and restimulation ex vivo DC

C57BL/6 mice were immunized with three doses of subcutaneous
injections of emulsified Freund’s Complete Adjuvant (CFA-Sigma-
Aldrich) at 21 day intervals. After immunization, mice were euthanized
for subsequent spleen extraction. Spleens were disrupted macerated and
cells were washed in PBS and subsequently treated with red blood cells
lysis solution (17mM Tris-HCl+ 0.144M ammonium chloride pH 7.2)

for 5min. Cells were washed with PBS and cultured in 6-well plates
with RPMI without serum at 36 °C for 2 h to allow macrophage ad-
herence. Non-adherent cells, as source of lymphocytes, were collected
and 1× 106 cells were cultured in a 24-well plate together with AP284
(2×104) or BMDC (4× 104) cells previously incubated for 24 h with
2×105 gamma-irradiated BCG. Non-adherent cells from spleens of
non-immunized mice were used as controls. After 72 h of culture, the
supernatant was collected to evaluate the production of IL-17 and IFN-
γ.

2.10. Statistical analysis

Data are presented as mean ± standard deviation and compared
for significance by Student’s t-test or one-way ANOVA followed by
Fisher’s test using Graph-Pad Prism Software 6.0 (Inc. San Diego, CA,
USA). The value of p < 0.05 is considered significant.

3. Results

3.1. AP284 cells share more characteristics with dendritic cells than
macrophages

AP284 cells were initially characterized as mature macrophages
able to present antigens and activate T lymphocytes [28]. As features of
DC as exquisite antigen-presenting cells have been defined more ex-
tensively since then, we reanalyzed this cell line and found that they
share more characteristics with DC than macrophages. We observed
that, in culture, AP284 cells were weakly adherent and had long den-
drites, in particular after stimulation with Zymosan or LPS (Fig. S1A-C).
Comparing cell surface marker expression of mononuclear phagocytes
present on the RAW264 cell line, representing macrophages, BMDC,
representing conventional DC and AP284 showed that AP284 are closer
to DC than macrophages. As observed in Fig. 1, AP284 cells express
high levels of CD11c and MHC class II. In addition, the DC sub-
population markers 33D1 and CD209b was also observed in this cell
line, which also expresses high amounts of CD80 costimulatory mole-
cule. In contrast, RAW264 macrophages do not express significant le-
vels of CD11c, 33D1 and MHC II molecules, but express common

Fig. 1. Expression of cell surface markers on AP284, BMDC and RAW264 cells. AP284, BMDC, and RAW264 cells were incubated with antibodies for 33D1, CD11c,
CD11b, CD107b, CD40, CD80, MHC class II and CD209b for analysis by flow cytometry. The histograms show the fluorescence intensity (arbitrary units) of a
representative experiment from three independent experiments of the cells labeled with control isotype (red) and specific antibody (black).
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markers of mononuclear phagocytes such as the CD11b and the CD40
costimulatory molecule, which are present on all cell types analyzed
(Fig. 1). The Gr-1, CD8, CD4, NK1.1 and B220 markers that may be
present in DC subpopulations were absent in cell populations tested
(data not shown). Taken together, these data strongly suggest that
AP284 cells share more characteristics with dendritic cells than mac-
rophages, in particular by their spontaneous expression of MHC II and
costimulatory molecules.

3.2. AP284 cells produce high amounts of IL-12p40 after stimulation with
different TLR agonists

In addition to presenting specific antigens, DC must produce cyto-
kines to induce polarization and differentiation of T lymphocytes.
Initially we found that AP284 cells express significant levels of mem-
brane TLR2 and TLR4 and intracellular TLR3, TLR7 and TLR9 (Fig. S2)
what suggest that AP284 cells can respond to pathogen-associated
molecular pattern PAMPs. To evaluate the cytokines produced by
AP284 cells and BMDC, cells were incubated with different TLR ago-
nists at different concentrations for 24 h. In Fig. 2 we observed that CpG
(TLR9 agonist) was not able to induce significant production of IL-
12p40 in our experiments. LPS (TLR4 agonist), Zymosan (TLR2 ago-
nist), FSL-1 (TLR2/TLR6 agonist), resiquimod (TLR7/TLR8 agonist) and
flagellin (TLR5 agonist) were able to induce a surprising production of
IL- 12p40 (above 500 ng/mL). Except for flagellin, the same agonists
also induced significant production of IL-12p40 in BMDC, but in lower
amounts (below 10 ng/mL). The IL-12p40 subunit together with the IL-
12p35 subunit forms the active IL-12p70 which is important for in-
duction of a Th1 response profile [33]. Interestingly, AP284 cells were
not able to produce IL-12p70 with any stimuli used. In contrast, BMDC
produced IL-12p70 after stimulation with LPS, Zymozan, FSL-1 and
Resiquimod (Fig. S3A-J). As IFN-γ induces IL-12p35 subunit expression
and favors the production of IL-12p70 [33], AP284 and BMDC were
primed for 2 h with IFN-γ and subsequently stimulated with LPS or
Escherichia coli. The whole pathogen E. coli was used because it could
bind to a higher number of PPRs and consequently increase the possi-
bility for cytokine production. Surprisingly, the priming with IFN-γ
followed by LPS or intact E. coli stimulation inhibited the IL-12p40
production by AP284 cells and was not able to favor the IL-12p70
production (Fig. S4A and B). In contrast, the priming of BMDC with
IFN-γ stimulated the production of IL-12p40 and IL-12p70 (Fig. S4D

and E). Inhibition of IL-12p40 production in AP284 cells by IFN-γ was
not due to cell death (analyzed by MTT metabolism), high production of
NO or TNF, since AP284 cells remained alive after stimulation with IFN-
γ (Fig. S5); NO production was similar for AP284 and BMDC cells (Fig
S6) and TNF production was also inhibited in AP284 after the addition
of IFN-γ (Fig. S7).

3.3. AP284 cells produce IL-23 and IL-6 after stimulation with the different
TLR agonists

The IL-23 is also a heterodimeric cytokine sharing the IL-12p40
subunit with IL-12p70. As AP284 cells can produce large amounts of IL-
12p40 but not IL-12p70, we evaluated whether IL-12p40 produced
after stimulation with different TLR agonists was related to IL-23
synthesis.

Similar to what was observed for IL-12p40, we observed that sti-
mulation with LPS, zymozan, FSL-1 and resiquimod was able to induce
significant production of IL-23 by AP284 cells (Fig. 3). FSL-1 was the
more efficient TLR agonist to induce expression of IL-23 by AP284,
reaching a production of around 10 ng/mL (Fig. 3C) and CpG did not
induce the production of IL-23 (Fig. 3E). These data demonstrate that
part of IL-12p40 produced by AP284 cells is being used for IL-23 pro-
duction. Unlike AP284 cells, the IL-23 produced by BMDC did not reach
statistical significance for any of stimuli used even after priming with
IFN-γ (Fig. 3G-L and Fig. S4F). Similar to what was observed for the
production of IL-12p40, the priming with IFN-γ also inhibited the IL-23
production in AP284 cells (Fig. S4A and C).

Since IL-23 is a cytokine related to the polarization and differ-
entiation of Th17 cells, and AP284 cells are able to produce IL-23 but
not IL-12p70, we investigated the ability of AP284 cells to produce IL-6,
another key cytokine related to Th17 generation. Both AP284 and
BMDC produced high levels of IL-6 after stimulation with all TLR
agonists (Fig. 4A–K), and the amounts of IL-6 produced by both cell
types are similar. These data suggest that AP284 cells might have more
potential to generate Th17- rather than Th1 cells.

3.4. AP284 cells restimulate Th17 cells ex vivo but not a Th1 cells.

In order to evaluate which T cell profile the AP284 cells are able to
enforce, C57BL/6 mice were immunized repeatedly with CFA. After
21 days the spleen was removed and non-adherent cells, representing

Fig. 2. AP284 cells produce high amount of IL-12p40 after stimulation with TLR agonists. AP284 cells (A-F) and BMDC (G-L) were stimulated with TLR agonists
lipopolysaccharide (LPS); zymosan (Zy); Pam2CGDPKHPKSF (FSL-1); resiquimod (resiq) CpG-ODN (CPG) and flagellin (flag) at different concentrations for 24 h and
production of IL-12p40 was evaluated by ELISA. The bars represent the mean ± SD of cytokine production from three independent experiments * indicates statistical
difference between unstimulated (CT) and cells stimulated with TLR agonists by one-way ANOVA followed by Fisher’s (p < 0.05).
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primarily lymphocytes, were cultured with AP284 or BMDC in presence
or absence of BCG for 72 h, and the cytokines IL-17, IFN-γ and IL-10
were assayed by ELISA (Fig. 5). Both AP284 and BMDC were able to
increase the production of IL-17 by non-adherent spleen cells from CFA-
immunized mice when BCG was added in culture (Fig. 5A and D). In
contrast, only BMDC were able to increase the production of IFN-γ by
CFA-immunized non-adherent spleen cells, while AP284 cells sig-
nificantly inhibited IFN-γ production (Fig. 5B and E). In addition, both
AP284 cells and BMDC failed to increase IL-10 production by im-
munized spleen cells above the spontaneous level of production (Fig. 5C
and F).

4. Discussion

In this study we identified the cell line AP284, formerly character-
ized as macrophage [28], as a dendritic cell line with unique antigen-
presenting features. Our new data show that AP284 cells share more
phenotypic characteristics with myeloid DC than with macrophages. It

was also previously described that AP284 cells were able to capture
antigens and present them to T lymphocyte clones, inducing their
proliferation, in accordance with the notion that this is a dendritic cell
line [28]. Activation of naive CD4+ T lymphocytes depends on the
expression of MHC class II molecules and co-stimulatory molecules by
mature DC such as CD40, CD80 and CD86 [3], and we show that AP284
cells express MHC class II, CD40 and CD80 molecules, indicating that
they have characteristics of mature DC. This contrasts with the phe-
notype of the RAW264 macrophage cell line, which only showed CD40
expression.

The origin of this cell line from mouse spleen can be the reason for
the expression of the DC markers 33D1 and CD11c. The 33D1 marker
was reported in a large population of myeloid DC from spleen that are
33D1+CD11bint [34] and preferentially stimulate CD4+ T cells based
upon their unique migratory profile in the T cell zone of the white pulp
[35].

To recognize and present pathogen antigens, DC must express PRRs
that bind to PAMPs [36], which is crucial for activation and maturation

Fig. 3. AP284 cells produce IL-23 after stimulation with TLR agonists. AP284 cells (A-F) and BMDC (G-L) were stimulated with TLRs agonists lipopolysaccharide
(LPS); zymosan (Zy); Pam2CGDPKHPKSF (FSL-1); resiquimod (resiq) CpG-ODN (CPG) and flagellin (flag) at different concentrations for 24 h and production of IL-23
was evaluated by ELISA. The bars represent the mean ± SD of cytokine production from three independent experiments. * indicates statistical difference between
unstimulated (CT) and cells stimulated with TLR agonists by one-way ANOVA followed by Fisher’s (p < 0.05).

Fig. 4. AP284 cells produce IL-6 after stimulation with TLRs agonists. AP284 cells (A-F) and BMDC (G-K) were stimulated with TLRs agonists lipopolysaccharide
(LPS); zymosan (Zy); Pam2CGDPKHPKSF (FSL-1); resiquimod (resiq) CpG-ODN (CPG) and flagellin (flag) at different concentrations for 24 h and production of IL-6
was evaluated by ELISA. The bars represent mean ± SD of three independent experiments. * indicates statistical difference between unstimulated (CT) and cells
stimulated with TLR agonists by one-way ANOVA followed by Fisher’s (p < 0.05).
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of DC [37]. AP284 cells express high levels of extracellular TLR2 and
TLR4 and intracellular TLR3, TLR7 and TLR9 showing that they can
recognize different group of pathogens from extracellular fungi and
bacteria to intracellular virus. The ability of AP284 cells to respond to
PAMPs was confirmed by the cytokines secreted when TLR agonists
were used. The profile of cytokines produced by DC is crucial to define
the fate of activated T lymphocytes. Among these, the group of cyto-
kines belonging to the IL-12 family deserves special attention due to
their action in the skewing and maintenance of major profiles of Th
cells [12]. IL-12p70 and IL-23 are members of the IL-12 family sharing
the IL-12p40 subunit, and are secreted primarily by activated DC. [12].
It was shown before that murine BMDC are able to produce significant
amounts of IL-12p40 when stimulated with LPS, resiquimod, CpG, zy-
mosan and FSL-1, a finding that we could confirm here [38–41]. IL-
12p40 is generally produced in excess when compared to the IL-12p70
heterodimer, and free IL-12p40 can be produced 10 to 1000 times more
than IL-12p35 [42,43]. Interestingly, AP284 cells produce 10–100
times more IL-12p40 than BMDC do, but were unable to produce IL-
12p70, even after IFN-γ stimulation. It is important to emphasize that
some biological functions have been identified for the IL-12p40 subunit,
such as the induction of NO production by mouse microglial cells [31]
and inhibition of the expression of FOXP3 in murine spleen T cells,
indicating a role in Treg-mediated suppression [32]. However, we did
not observe alterations in the production of NO by stimulated AP284
cells or IL-10 when AP284 cells were used to stimulate BCG-immunized
spleen cells. The explanation for this remarkably strong production of
IL-12p40 by AP284 cells is a matter for further study and several me-
chanisms can be involved. This regulation may involve proteins such as
p38 or microRNA such as miR-128 that modulate the expression of IL-
12p40 [44].

We were unable to explain the absence of IL-12p70 production by
AP284 cells. It was suggested before that a second stimulus, such as

IFN-γ, is necessary for IL-12p70 production by DC [45]. IFN-γ partici-
pates in transcriptional activation of the IL-12p35 subunit and favors IL-
12p70 production [46]. In the present study we found that BMDC
produce IL-12p70 independent of IFN-γ, as was also demonstrated by
others [40,41,44]. Additionally, IFN-γ increased IL-12p70 production
by BMDC, but not by AP284 cells. Our data suggest that the excessive
production of IL-12p40 may be associated with the production of the
p19 subunit, forming active IL-23. Alternatively, IL-12p40 may as-
sociate in a homodimer form to generate IL-12p80 that binds to the IL-
12 receptor, but has an antagonistic function [47].

While the production of IL-12p70 by DC is important for the gen-
eration of a Th1 profile, the cytokines TGF-β and IL-6 are required for
differentiation of Th17 cells. IL-23 is critical for stabilization and
maintenance of this response [10]. Except for CPG, all TLR stimuli used
were able to induce significant production of IL-6 and IL-23 by AP284.
Together, these results indicate that AP284 cells are DC involved in
amplification of a Th17 profile.

Studies by Wang and He [48] showed that immunization of mice
with CFA for three weeks induced a mixed Th17- and Th1 profile with
IL-17 and IFN-γ production by spleen cells. Because BCG-stimulated
AP284 cells produce IL-12p40 and IL-23 in vitro (data not shown), we
decide to evaluate which profile of T lymphocytes were preferentially
restimulated when CFA-primed spleen cells are cultured in presence of
AP284 cells. We used non-adherent spleen cells from CFA-immunized
mice as responders to BCG processed and presented by AP284 or BMDC.
While BMDC supported both IFN-γ and IL-17 production, AP284 cells
were able to induce IL-17 production, but not IFN-γ production under
these same conditions. This is in agreement with our previous data,
which showed that AP284 cells are not able to produce IL-12p70, which
is the cytokine critical for the generation of the Th1 response. In this
model, both AP284 cells and BMDC were not able to increase IL-10
production beyond the level produced spontaneously by non-adherent

Fig. 5. AP284 cells increase production of IL-17 by CFA-immunized spleen cells. Spleen cells from C57BL/6 mice immunized with CFA or spleen cells from un-
immunized mice were stimulated in vitro with gamma-irradiated BCG for 72 h in presence or absence of AP284 or BMDC. Production of IL-17, IFN-γ and IL-10 was
evaluated in culture supernatant by ELISA. The bars represent mean ± SD of three independent experiments. * indicates statistical difference between unstimulated
(CT) and cells stimulated one-way ANOVA followed by Fisher’s (p < 0.05).
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splenocytes from immunized mice.
In our experiments, we observed a similar production of IL-17 by

CFA-primed spleen cells cultured with AP284 or BMDC. Beyond IL-23,
IL-6, TGF-β and IL-1 are important cytokines able to stimulate the
production of IL-17 and generate Th17 cells. We did not detect sig-
nificant IL-23 production by in vitro stimulated BMDC. However, BMDC
and AP284 produce similar amount of IL-6. Additionally, production of
IL-1 and TGF- β was not evaluated. Differences in the production of IL-1
and TGF- β would justify the similar production of IL-17 in CFA-primed
spleen cells.

Here, we did not evaluate whether IL17 and IFN-γ came from dif-
ferent lymphocytes or from a Th17.1 population. However, it is possible
that BMDC may stimulate Th17.1, while AP284 only stimulate Th17
cells that might even become more suppressive than pro-inflammatory
[49].

Taken together, our data support the idea that AP284 cells are a new
DC line associated with the Th17 rather than Th1 type response.
Additionally this cell line can be an important tool to improve the
knowledge about factors and cellular interactions responsible for the
induction of IL-12p40 and IL-23 and could be used to clarify the mo-
lecular pathways involved in the production of these cytokines. We also
suggest that AP284 cells may be useful for the testing of new inhibitory
or stimulatory drugs of IL-12p40 and IL-23.

5. Conclusion

In summary, our data provide evidence that AP284 cells constitute a
newly identified DC line harboring several TLRs and producing sur-
prising amount of IL-12p40. The IL-12p40 production is related to IL-23
formation but not IL-12p70. AP284 cells are also able to produce IL-6
and favor development of a Th17 profile. We believe that this new DC
line may be useful for a better understanding of factors and cellular
interactions responsible for the induction of IL-12p40 and IL-23 and test
new drugs that may potentially inhibit or stimulate these cytokines.
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