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ABSTRACT

Distinct types of DCs are generated from monocytes
using GM-CSF with IL-4 (IL4-DC) or IL-15 (IL15-DC).
IL15-DCs are potent inducers of antigen-specific CD8"
T cells, display a phenotype similar to CD14" cells com-
monly described in chronically inflamed tissues, and
produce high levels of IL-18 and IL-15 in response to
TLR4 stimulation. As these cytokines promote Th17 re-
sponses, which are also associated with inflammatory
diseases, | hypothesized that TLR-primed IL15-DCs fa-
vor Th17 activation over IL4-DCs. Compared with IL4-
DCs, IL15-DCs stimulated with TLR agonists secreted
significantly higher concentrations of the Th17-promot-
ing factors, IL-13, IL-6, IL-23, and CCL20, and lower lev-
els of the Th1 cytokine, IL-12. In addition, IL15-DCs and
not IL4-DCs up-regulated IL-15 on the cell surface in re-
sponse to TLR agonists. IL15-DCs primed with TLR3 or
TLR4 agonists triggered Th17 (IL-17, IL-22, and/or
IFN-vy) and Th1 (IFN-vy) responses, whereas IL4-DCs
primed with the same TLR agonists activated Th1
(IFN-v) responses. Secretion of IL-17 and IFN-vy required
contact with TLR-primed IL15-DC, and IFN-y production
was mediated by membrane-bound IL-15. These find-
ings identify key differences in monocyte-derived DCs,
which impact adaptive immunity, and provide primary
evidence that IL-15 promotes Th17 and Th1 responses
by skewing monocytes into IL15-DC. J. Leukoc. Biol.
90: 727-734; 2011.

Introduction

Monocytes rapidly infiltrate inflamed tissues and differentiate
into functionally distinct subsets of DCs and macrophages in
response to cytokines in the microenvironment [1]. Similarly,
different types of DCs can be generated in vitro by culturing
monocytes with GM-CSF in combination with different cyto-
kines, such as IL-4 (IL4-DC), IL-15 (IL15-DC), IFN-a (IFN-
DC), or TNF (TNF-DC) [2-4]. These monocyte-derived DC
populations have overlapping and specialized features that can

be identified by a unique combination of surface structures
and cytokine arrays.

Unlike conventionally derived IL4-DCs, IL15-DCs retain ex-
pression of membrane-bound CD14 while up-regulating HLA
class II and costimulatory molecules [2—4]. This intermediate
phenotype closely resembles the proinflammatory subset of
monocyte-derived cells, which has been described in various
autoimmune diseases associated with dysregulated IL-15 pro-
duction [5-7]. In response to TLR4 stimulation, IL15-DCs pro-
duced higher levels of IL-15 and IL-15 mRNA than IL4-DCs
[3]. This is relevant, as these two cytokines promote activation
of Th17 cells, which provide protection from fungi and extra-
cellular bacteria and play a role in the pathogenesis of several
autoimmune diseases [8—-10].

Increasing evidence indicates that IL15-DCs are more effi-
cient at stimulating antigen-specific CD8" T cell responses
than IL4-DCs [2, 3]. However, little is known regarding the
mechanisms responsible for this difference or what effect these
DC types have on CD4" T cell responses. Based on the pheno-
type of IL15-DCs and the cytokines produced in response to
TLR4 stimulation, I tested the hypothesis that TLR-primed
IL15-DCs favor Th17 activation over IL4-DCs.

MATERIALS AND METHODS

Abbreviations: cRPMI=complete RPMI, migGT=murine IgGT,
Pam3Csk4 =palmitoyl-3-cysteine-serine-lysine-4, poly (1:C)=polyinosinic:
polycytidylic acid, slL-15=surface IL-15, TC=T cell
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Cell isolation

PBMCs were isolated by density gradient centrifugation in lymphocyte
separation medium (ICN Biomedicals, Costa Mesa, CA, USA) from buffy
coats of normal, healthy individuals, according to the manufacturer’s
instructions. Highly pure (>90%) lymphocytes and monocytes were ob-
tained from healthy donors as above, followed by countercurrent cen-
trifugal elutriation. Cells were viably frozen and stored in liquid nitro-
gen until used. Upon thawing, cell viability was determined by trypan
blue exclusion. Untouched CD4" T cells (>95% pure) were purified
from lymphocytes by magnetic cell separation using the CD4" T cell
isolation kit II, LS columns, and the QuadroMACS separator (Miltenyi
Biotec, Germany).
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Cell cultures

To generate IL4-DC and IL15-DC, 5 X 10° elutriated monocytes/ml were
cultured in cRPMI (RPMI-1640, 10% FBS, 1% L-glutamine, 1% Pen-Strep,
and 20 mM Hepes; Invitrogen, Carlsbad, CA, USA), supplemented with 50
ng/ml GM-CSF (CellGenix, Germany) plus 25 ng/ml IL-4 or 100 ng/ml
IL-15 (R&D Systems, Minneapolis, MN, USA) in 24-well plates for 3 days.
In some experiments, immature DCs were harvested and the cell yield and
viability determined by trypan blue exclusion and analyzed by surface and
intracellular flow cytometry. TLR agonists Pam3Csk4 (10 ug/ml), poly
(I:C) (25 pg/ml), or Escherichia coli 0111:B4 LPS (1 ug/ml; Invivogen, San
Diego, CA, USA) were added to DCs for 20 h and culture fluids collected
for cytokine and chemokine analysis. A portion of the DCs was harvested
and the cell recovery and viability determined by trypan blue exclusion and
analyzed by standard flow cytometric methods. Remaining DCs were
washed with PBS and incubated with 5 X 10° autologous CD4" T cells/well
in 24-well plates for 48-72 h. Semipermeable transwell inserts (0.4 wm;
Sigma-Aldrich, St. Louis, MO, USA) were used to prevent cellular contact
between CD4"* T cells and TLR-activated IL15-DCs. To address the bioactiv-
ity of IL-15, anti-human IL-15 mAb or the mIgGl isotype control (both
from R&D Systems) was included in TLR-primed DC:T cell cocultures at a
final concentration of 10 pg/ml. Alternatively, CD4™ T cells were cultured
with "conditioned" media from IL15-DC treated with TLR agonists to deter-
mine the role of soluble cytokines in an APC-free system.

Secreted cytokine and chemokine analysis

Culture fluids from TLR-stimulated or control DCs were analyzed for hu-
man IL-18, IL-23, IL-27, and IFN-al (ELISA; eBioscience, San Diego, CA,
USA); CCL20 and CXCL10 (ELISA; R&D Systems); and IL-6, IL-10, and
IL-12p70 (Luminex multiplex system; Invitrogen), following the manufac-
turers’ protocols. Supernatants from DC:T cell cocultures were analyzed for
1L-4, IL-10, I1-17, IL-21, and IFN-y (ELISA; eBioscience) and I1-22 (ELISA;
R&D Systems) following the manufacturers’ protocols.

Flow cytometry

Monocytes, IL4-DCs, and IL15-DCs were labeled with the following fluoro-
chrome-conjugated antihuman mAb: CD14, CD83, HLA-DR, and HLA-DQ
(BD PharMingen, San Diego, CA, USA); TLR2 (BioLegend, San Diego, CA,
USA); TLR4 and TLR8 (Imgenex, San Diego, CA, USA); IL-15 (R&D Sys-
tems); HLA-E and TLR3 (eBioscience); or appropriate Ig isotype controls
(BD PharMingen) /standard flow cytometry methods. To detect endosomal
TLRs, surface antigens were labeled, and then cells were fixed and perme-
abilized with BD Cytofix/Cytoperm solution and labeled with anti-TLR3
and anti-TLR8 mAb or Ig isotype controls in BD Perm/Wash buffer follow-
ing the manufacturer’s instructions. Purified CD4" T cells were stained
with fluorochrome-conjugated antihuman CD3, CD4, and CD45RO (BD
PharMingen); CCR6, IL-1RI, and IL-23R (R&D Systems); and CD161 (eBio-
science) mAb or appropriate isotype controls/standard flow cytometry
methods. To detect intracellular cytokines, 50 ng/ml PMA and 750 ng/ml
ionomycin were added to DC:T cell cocultures for the last 6 h of a 48-h
incubation. Monensin (10 ug/ml) was also added to these cocultures for
the last 4 h. Cells were labeled with antihuman CD3 and CD4 mAb for sur-
face detection, then fixed and permeabilized with BD Cytofix/Cytoperm
solution, and labeled with anti-IFN-y, anti-IL-17 mAb, or Ig isotype controls
in BD Perm/Wash buffer following the manufacturer’s instructions. Two
hundred thousand live CD3™ cells were acquired on a FACScan flow cy-
tometer and analyzed using CellQuest software (BD PharMingen).

Statistical analyses

Results are displayed as individual data and means * sp. Statistical signifi-
cance was determined using two-tailed paired Student’s ¢ test. P values
<0.05 were considered statistically significant.
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RESULTS

Influence of cytokines on TLR expression

Others [2, 3] and I [4] have shown previously that short-term-
cultured IL15-DCs display a distinct phenotype from IL4-DCs
and produce different cytokines in response to innate stimuli.
To determine if this functional disparity is related to TLR ex-
pression, we examined TLR expression in immature IL4-DCs
and IL15-DCs by flow cytometry. As CD14 is a coreceptor for
several TLRs and is differentially expressed by IL15-DCs and
IL4-DCs [2-4, 11, 12], it was included in the phenotypic analy-
ses.

Monocytes were differentiated with GM-CSF plus IL-4 or
GM-CSF plus IL-15 for 3 days to generate immature IL4-DCs
and IL15-DCs and analyzed by flow cytometry. Despite a simi-
lar DC yield and viability between the two monocyte-derived
DC types (Fig. 1A), the TLR expression profiles were quite
distinct (Fig. 1B). Compared with monocyte precursors, both
DC types down-regulated frequencies of CD14, TLR2, and
TLR4 on the cell surface, while expressing similar densities of
endosomal TLR3 and TLRS. Interestingly, a greater percent-
age of IL15-DCs expressed TLR2, TLR4, and the CD14 core-
ceptor compared with IL4-DCs (Fig. 1B).

These results identify important differences in the pheno-
type of IL4-DCs and IL15-DCs, which likely impact their ability
to sense and respond to danger signals in the microenviron-
ment. IL15-DCs appear better equipped to recognize and re-
spond to ligands of TLR2 or TLR4 compared with IL4-DCs, as
they express higher densities of these TLRs together with the
coreceptor CD14.

TLR agonists trigger distinct cytokine profiles in
IL15-DCs and IL4-DCs

Based on the differential expression of CD14, TLR2, and
TLR4 by immature IL4-DCs and IL15-DCs, I predicted that
these two DC types would respond differently to agonists of
TLR2 and TLR4. To test this hypothesis, immature IL4-DCs
and IL15-DCs were incubated overnight with the TLR2/1 ago-
nist Pam3Csk4, the TLR4 agonist LPS from E. coli, or the
TLR3 agonist poly (I:C). Cellular responses were then deter-
mined by production of cytokines and chemokines thought to
mediate CD4" T cell differentiation.

As expected, TLR2 stimulation of IL4-DCs and IL15-DCs
resulted in significant differences in cytokine and chemokine
production between the two cell types, and IL15-DCs pro-
duced higher levels of the Th17-promoting factors IL-1, IL-6,
11-23, and CCL20, as well as the Thl chemokine CXCL10
(Fig. 2A). Despite similar expression of TLR3, IL15-DCs se-
creted significantly more IL-18, IL-6, IL-23, and CCL20, as well
as IFN-a in response to poly (I:C) than did IL4-DCs (Fig. 2B).
Conversely, considerably higher concentrations of the Thl-
polarizing cytokine IL-12 were detected in culture fluids from
TLR3-stimulated IL4-DCs (Fig. 2B). Similar results for all me-
diators, except for IFN-a, were observed in response to TLR4
stimulation (Fig. 2C). The ability of IL4-DCs, which express
lower TLR4 than IL15-DCs and virtually no CD14 (Fig. 1B), to
produce IL-12 in response to LPS may be explained by soluble
CD14 in the culture media and/or CD14-independent activa-
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Figure 1. TLRs are differentially expressed by IL4-DCs and IL15-DCs.
Freshly thawed monocytes were labeled immediately for flow cytomet-
ric analysis or cultured with GM-CSF + IL-4 or GM-CSF + I1-15 for 3
days to generate 11.4-DCs and IL15-DCs, respectively. (A) DCs were
harvested, and the percent yield and viability were calculated by trypan
blue exclusion. Data represent the mean = sp of four independent
experiments. (B) Cell populations were labeled with indicated anti-
human mAb (filled histograms) or appropriate Ig isotype controls
(open histogram overlays) and analyzed by multiparameter flow cytom-
ctry. For detection of TLR3 and TLRS, cells were fixed and permeabil-
ized prior to labeling with anti-human mAb (filled histograms) or ap-
propriate Ig isotype controls (open histogram overlays) and analyzed
by multiparameter flow cytometry. Numbers indicate the range of per-
cent-positive cells. Histograms from one of four independent experi-
ments are shown.

tion of TLR4 [13, 14]. No differences were detected for IL-27,
an IL-12 family cytokine reported to promote Thl and inhibit
Th17 responses [15].

In addition to the Th17-promoting mediators, IL15-DCs pro-
duced significantly more IL-10 in response to all three TLR
agonists compared with IL4-DCs (Fig. 2A—C). This is not sur-
prising, given that IL-4 has been shown to suppress expression
of IL-10 in DCs [16]. IL-10 is considered anti-inflammatory, as
it inhibits production of IL-2 in T cells and IL-12 in monocyte-
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derived DCs [17, 18]. In contrast, IL-10 does not affect pro-
duction of IL-23, IL-15, IL-18, and TNF-« from monocyte-de-
rived DGCs [18, 19], which may help explain the disparate IL-12
and IL-23 responses to TLR agonists in IL4-DCs and IL15-DCs
(Fig. 2A—C). Furthermore, the striking differences in cytokine
profiles are not likely a result of variations in survival and/or
expansion rates in the different culture conditions, given that
the yield and viability of control and TLR-primed IL4-DCs and
IL15-DCs were similar (Fig. 2D).

TLR-stimulated IL4-DCs and IL15-DCs differentially
up-regulate CD83 and membrane-bound IL-15

Others have shown [2, 3] that similar to IL4-DCs, IL15-DCs
increase expression of CD40, CD80, CD86, and HLA-DR in
response to TLR stimulation. Notably, up-regulation of the
conventional DC maturation marker, CD83, was impaired sig-
nificantly in IL15-DCs compared with IL4-DCs activated with
TLR agonsists [2, 3]. We recently reported a similar observa-
tion using the dietary antigen in celiac disease as the stimulus
and in addition, discovered that IL-15 was expressed at the
surface of activated IL15-DCs as opposed to CD83 [4]. IL-15
can be expressed on the surface of monocytes and DCs as a
membrane-anchored protein and as a form transpresented by
its high-affinity receptor, IL-15Ra [20, 21]. The membrane-
anchored form activates cells expressing the IL-15R complex,
comprised of IL-15Ra, CD122, and CD132, and may also par-
ticipate in reverse signaling [20, 22]. Transpresentation of
IL-15 by IL-15Ra can stimulate leukocytes bearing the low-af-
finity receptors, CD122 and CD132 [22-24]. Based on these
observations, we hypothesized that TLR stimulation would lead
to up-regulation of CD83 and IL-15 on the surface of IL4-DCs
and IL15-DCs, respectively. Expression of CD83 and IL-15, as
well as HLA-DQ, HLA-DR, and HLA-E was evaluated on the
surface of IL4-DCs and IL15-DCs stimulated with Pam3Csk4,
poly (I:C), or LPS overnight.

As predicted, IL4-DCs up-regulated the maturation marker
CD83 and intensities of HLA-DQ and HLA-DR molecules,
whereas IL15-DCs expressed membrane-bound IL-15 (sIL-15)
and higher intensities of HLA-DQ and HLA-DR molecules in
response to TLR stimulation (Fig. 3 and Table 1). The im-
paired expression of CD83 on IL15-DCs could be related to
IL-10 in the culture fluids (Fig. 2A-C), given that this cytokine
inhibits expression of costimulatory and maturation markers
without affecting IL-15 in monocyte-derived DCs [19, 25]. Al-
ternatively, CD83 may not have been detected on the surface
of TLR-primed IL15-DCs, as it was instead produced as the
soluble form or because our culture conditions were not opti-
mized to detect CD83 on activated IL15-DCs [26]. HLA-E was
constitutively expressed by IL15-DCs and unchanged by TLR
stimulation, whereas IL4-DCs lacked expression of HLA-E be-
fore and after exposure to TLR agonists, although a slight in-
crease was observed in IL4-DCs from one of the individuals
treated with LPS (depicted in Fig. 3).

TLR-primed IL15-DCs favor Th17 activation over IL4-
DGCs

It is well recognized that membrane-bound and soluble me-
diators produced by activated DCs impact CD4" T cell dif-
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ferentiation. Based on the distinct response profiles of 1L4-
DCs and IL15-DCs depicted in Figs. 2 and 3, it was pre-
dicted that IL15-DCs would be better equipped to activate
Th17 and memory Thl responses than IL4-DCs. This is sup-
ported by a growing body of evidence demonstrating that
IL-1B, IL-6, IL-15, IL-23, and CCL20 are key mediators of
Th17 (and memory Thl) responses in humans [7-10, 27—
29]. On the other hand, IL4-DCs may be better suited for
priming naive CD4" T cells than IL15-DCs, as CD83 and
IL-12 are critical for polarizing naive CD4" T cells into Thl
effectors [30, 31]. Therefore, I tested the hypothesis that
TLR-primed IL15-DCs favor Th17 activation over IL4-DCs.

CD4™" T cells were purified from PBMCs of healthy indi-
viduals by negative selection and cultured with control or
TLR-primed, autologous IL15-DCs or IL4-DCs for 2-3 days.
CD4" T cell purity and the proportion of Th17 cells, which
express CCR6, IL-1RI, IL-23R, CD45R0O, and CD161, were
monitored by flow cytometry [32, 33]. Cell-free supernatants
were collected and secreted IL-4, IL-10, IL-17, 1L.-21, 11.-22,
and IFN-y proteins were quantified to determine the types
of Th responses supported by TLR-primed IL4-DCs and
IL15-DCs.

In cocultures with CD4" T cells, IL15-DCs primed with
TLR3 or TLR4 agonists stimulated secretion of IL-17, IL-22,
and IFN-vy, a cytokine profile indicative of human Th17 re-
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sponses [27] (Fig. 4A). This was in sharp contrast to cocul-
tures with TLR3- or TLR4-primed IL4-DCs, which produced
the Thl cytokine IFN-y in the absence of IL-17 and little IL-22
(Fig. 4A). Intracellular cytokine staining and flow cytometry
demonstrated that I1-17 " IFN-y~, IL-17"IFN-y", and IL-17~
IFN-y" CD4" T cell subsets were increased by TLR-primed
IL15-DCs (Fig. 4B).

Despite the similar response profile of TLR2/1-primed IL15-
DCs, IL-17 responses were replaced with IL-10, together with
IL-22 and IFN-y. The reciprocal secretion of IL-17 and IL-10
may be explained by the transient production of IL-10 in sub-
sets of activated human Th17 cells, newly described by Zielin-
ski et al. [34], or representative of the CCR6™" IL-10-produc-
ing, autoreactive memory T cell population, recently identified
by Rivino et al. [35]. Providing that IL15-DCs primed with the
TLR2/dectin-1 agonist, yeast zymosan, supported IL-17, IL-22,
and IFN-vy secretion, similar to TLR3- and TLR4-primed IL15-
DCs (data not shown), deviation from IL-17 to IL-10 is not
likely a general characteristic of TLR2-primed IL15-DCs and
instead, may depend on the TLR2 heterodimer engaged.
None of the experimental conditions supported secretion of
the Th2 cytokine IL-4 or IL-21, a cytokine associated with T
follicular helper and Th17 responses (negative data not
shown).
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Figure 3. TLR-stimulated IL4-DCs and IL15-DCs differentially up-regulate CD83 and membrane-bound IL-15. IL.4-DCs and IL15-DCs were incu-
bated in the absence and presence of 10 pug/ml Pam3Csk4 (TLR2/1), 25 ug/ml poly (I:C) (TLR3), or 1 pug/ml LPS (TLR4) for 20 h. Cells were
harvested, and surface expression of IL-15 (sIL-15), CD83, HLA-DQ, HLA-DR, and HLA-E was determined by flow cytometry. Filled histograms
depict labeling of IL15-DCs for indicated antigens (dark gray) or appropriate isotype controls (light gray). Open histograms depict labeling of 1L.4-
DCs for indicated antigens (solid line) or appropriate isotype controls (dashed line). Data for sIL-15 and CD83 are representative of six different
donors tested, and data for HLA molecules are representative of three different donors tested.

These data provide primary evidence that TLR-activated

IL15-DCs preferentially induce Th17 responses compared
with IL4-DCs. Interestingly, our findings indicate that IL-10
produced by TLR-primed IL15-DCs (Fig. 2B and C) does

not restrain Th17 responses in the presence of IL-18, IL-6,
and IL-23, similar to what has been reported for CcD8Y T
cells [19]. This intriguing observation may help explain the
increased levels of IL-10 in patients with autoimmune dis-

TABLE 1. Phenotype of IL4-DC and IL15-DC Stimulated with TLR Agonists

media Pam3CSK4 poly (I:C) LPS
1L4-DC IL15-DC 1L4-DC IL15-DC 1L4-DC IL15-DC 1L4-DC IL15-DC
IL-15 % 0-2 0-6 0-1 26-57 0-2 63-75 0-3 68-76
MFI 2-4 5-7 3-5 8-14 4-5 8-14 4-5 8-18
CD83 % 2-12 0-4 47-65 0-23 72-94 0-31 88-93 28-46
MFI 18-26 16-54 71-116 24-42 73-108 15-51 81-138 12-53
HLA-DQ % 92-94 96-98 89-95 96-97 96-97 90-97 95-97 94-96
MFI 27-56 52-96 64-158 74-124 104-169 75-138 99-163 72-137
HLA-DR % 93-95 97-98 96-99 96-99 98-99 92-98 97-99 96-98
MFI 162-246 284-468 368-528 559-792 489-517 631-976 513-550 651-1087
HLA-E % 0-1 80-81 0 43-70 0-1 48-70 1-28 44-64
MFI 6-7 27-40 4-6 22-37 6-7 27-37 6-23 24-35

MFI, Mean fluorescence intensity.
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Figure 4. IL15-DCs primed with TLR3 or
TLR4 agonists preferentially induce Th17
responses compared with IL4-DCs. (A)
IL4-DCs and IL15-DCs were primed with
the panel of TLR agonists described in
Fig. 3 and washed with PBS to remove
cytokines and TLR agonists. CD4™ T cells
were purified from autologous lympho-
cytes by negative selection and cultured
with unprimed or TLR-primed DC popu-
lations in fresh ¢cRPMI for 72 h. Indicated
cytokines were measured in cell-free cul-
ture fluids by ELISA kits. Each symbol is
the mean of duplicate ELISA values
obtained from the different individuals
tested after subtracting out levels from
cocultures with unprimed IL4-DCs and
IL-15DCs. Horizontal bars represent the
means in pg/ml from five independent
experiments. ¥*P < 0.05, as determined by
the paired two-tailed Student’s ¢ test.

(B) Analysis of intracellular cytokine pro-
duction by purified CD4" T cells cul-
tured with unprimed or TLR3-primed,
autologous IL15-DCs in fresh cRPMI for
48 h following stimulation with PMA and
ionomycin for the last 6 h; in the pres-
ence of monensin, for the last 4 h. Two
hundred thousand CD4"CD3™ cells were
gated on, and intracellular detection of
FITC-IFN-y and PE-IL-17 was determined
by FACS. Numbers are percent-positive
cells, as determined by appropriate intra-
cellular Ig isotype controls. Density plots
are from one of five different donors
tested in A.
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eases associated with chronic activation of Th17 and Thl

responses [7, 36, 37].

TLR-primed IL15-DCs stimulate IL-17 and IFN-y
secretion by contact- and IL-15-dependent

mechanisms

Others [38] and I [4] have reported that IL-15" APCs activate
CD4" T cells in a contact- and 1L-15-dependent manner.
Given that membrane-bound IL-15 was detected on TLR-
primed IL15-DCs (Fig. 3), and IL-15 was recently shown to ac-
tivate Th17 cells cultured with allogeneic DCs [10], we investi-
gated the role of membrane-bound IL-15 in our system. A
blocking antibody to human IL-15 or the mIgG1 isotype con-
trol was added to cocultures containing CD4" T cells and
TLR-primed IL15-DCs. In addition, CD4" T cells were plated
in 0.4 um semipermeable transwell inserts to prevent T cell
contact with activated, autologous IL15-DCs. After 3 days, T
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cell responses were assessed by measuring secreted IL-17 and
IFN-vy proteins in the culture supernatants.

Transwell inserts significantly reduced the levels of IL-17
and IFN-y in cocultures with TLR-primed, autologous IL15-
DCs, demonstrating that contact with IL15-DCs was necessary
for secretion of these cytokines (Fig. 5A). In contrast, condi-
tioned media from activated IL15-DCs did not recapitulate
the Th17 responses supported by IL15-DCs, providing fur-
ther evidence that cell-cell interactions are important for
induction of these proinflammatory mediators (negative
data not shown). Nevertheless, soluble factors such as IL-183
and IL-23 probably enhance IL-17 and IFN-y secretion, as
production of these cytokines was not inhibited completely
by transwell inserts (Fig. 5A).

Antibody blockade of IL-15 on the surface of TLR-primed
IL15-DCs (Fig. 5C) inhibited IFN-y production to the same
extent as transwell inserts in all individuals tested (Fig. bA).
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anti-IL-15 and mIgGl, as determined by the paired two-tailed Student’s ¢ test. (B) TLR-primed IL4-DCs were cultured with autologous CD4" T
cells in the presence and absence of 10 ug/ml anti-human IL-15 or mIgGl for 72 h and culture fluids harvested for IFN-y ELISA. The percent
cytokine secretion observed with and without anti-IL-15 or mIgG1 was calculated as described in A. Data represent the means = sp of two inde-
pendent experiments. (C) FACS demonstrating that anti-IL-15 blocks detection of membrane-bound IL-15 on the surface of TLR-primed IL15-
DCs, which were incubated with and without antihuman IL-15 or mIgGl for 1 h and then analyzed for surface expression of IL-15 (filled histo-
grams) by FACS. Unprimed IL15-DCs were included as a negative control. Open histograms depict mIgGl isotype control staining. One represen-

tative experiment is shown.

Importantly, IFN-y responses induced by TLR-primed IL4-DCs,
which do not express membrane-bound IL-15 (Fig. 3), were
unaffected by anti-IL-15 treatment (Fig. 5B). These results
strongly suggest that membrane-bound IL-15 mediates the
IFN-y response detected in cocultures with TLR-primed IL15-
DCGs. In contrast, anti-IL-15 treatment only reduced IL-17 se-
cretion in some experimental conditions, indicating that sur-
face expression of IL-15 may not be required for IL-17 secre-
tion under all circumstances. Thus, separate, although
potentially overlapping, contact-dependent mechanisms appear
to control the production of IL-17 and IFN-vy in these cocul-
tures. This is not surprising, given that TLR-primed IL15-DCs
activated I1-17"IFN-y~, IL-17*IFN-y", and IL-17"TFN-y" CD4™"
T cell subsets (Fig. 4B).

DISCUSSION

To my knowledge, this is the first study to generate human
Th17 responses from PBMCs of healthy individuals using au-
tologous, monocyte-derived cells without addition of antihu-
man CD3 antibodies or PMA and ionomycin. Although the
specificity of the observed Th17 and Thl responses is currently
unknown, we are using this practical approach to explore the
following possibilities: TLR-primed IL15-DCs activate Th17
and/or Th1 cells that recognize self or foreign peptides associ-
ated with circulating monocytes and/or BSA peptides pro-
cessed from the culture media [39]; TLR-activated IL15-DCs
convert forkhead box p3™ T regulatory cells into Th17 and/or
Th1 cells [40]; or IL-15" APCs stimulate Th17 and Th1 re-
sponses independent of TCR specificity. These studies will fur-
ther our understanding of the ambiguous nature of Th17 cells
[8] and offer insight into the mechanisms by which IL-15%
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APCs trigger Th17 and Th1 responses in humans. In addition,
this experimental method offers a feasible and reproducible
method for identifying the intrinsic mechanisms required for
surface expression of IL-15 in human monocyte-derived DCs,
which are currently not well understood.

In summary, these findings identify key differences in the
phenotype and function of IL15-DCs and IL4-DCs that influ-
ence Th cell responses and in addition, offer insight as to the
relationship among IL-15, TLRs, and Th17 and Th1 responses,
which characterize a number of inflammatory diseases. IL15-
DCs promoted contact-dependent Th17 responses and Thl
responses mediated by membrane-bound IL-15, whereas 1L4-
DGs supported Thl and Th22 responses, depending on the
TLR stimulus used. Based on these novel observations and
those of others, we speculate that I1.4-DCs are better-suited for
priming naive CD4" T cells into Th1 effectors in secondary
lymphoid tissues, whereas IL15-DCs are superior at activating
and maintaining antigen-experienced Th17 and Thl cells in
the periphery. Such considerations should be taken into ac-
count for developing DC-based immunotherapies to treat auto-
immunity and cancer and prevent infectious disease.
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