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IL-15-induced conversion of monocytes to mature dendritic cells
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SUMMARY

IL-15 is produced by a wide variety of tissues in response to inflammatory stimuli. We examined the
effect of IL-15 in supporting the maturation of monocytes to dendritic cells in ex vivo culture. IL-15
transformed CD14" monocytes to mature dendritic cells. These dendritic cells were similar to those
obtained from monocyte cultures treated with a combination of the cytokines GM-CSF, IL-4 and TNF-a.
The effects of IL-15 did not depend on endogenously produced GM-CSF. The IL-15-induced dendritic
cells also expressed chemokines and stimulated strong allo-responses that were characteristic of mature
dendritic cells. These data indicate that CDI14* monocytes respond to IL-15 by undergoing
morphological transformation and acquiring characteristic dendritic cell features that facilitate
antigen-specific responses of T cells. Thus, the release of IL-15 by inflammatory stimuli may induce
the conversion of monocytes to immuno-stimulatory dendritic cells to support primary immune

responses against pathogens.
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INTRODUCTION

Dendritic cells (DC) are potent APCs that activate naive T cells
and maintain adaptive immune responses [1,2]. Experimental
methods for producing DC from progenitor cells were previously
described [3-8]. The differentiation of DC is driven by
inflammatory stimuli or microenvironmental factors such as
bacterial products, lipopolysaccharides, and locally produced
cytokines such as granulocyte-macrophage colony stimulating
factor (GM-CSF), tumour necrosis factor a (TNF-«), and
interleukin-18 (IL-18). Monocytes and CD34" precursors of
DC require GM-CSF for differentiation and a secondary signal
such as TNF-« or lipopolysaccharides (LPS) for maturation [9],
whereas lymphoid DC require IL-3 [10]. T-cells, monocytes and
other cells collaborate in the inflammatory response to produce
these cytokines. For example, most tissues express IL-15 and IL-
15R« in response to inflammatory stimuli, whereas IL-2 and IL-
2R is expressed primarily by antigen-activated T cells [11,12].
While these two cytokines are only distantly related by amino acid
sequence homology, some degree of structural homology is
suggested by the fact that both IL-2R and IL-15R use the same 3-
and 7y-chains [13]. Ligand-specificity is determined by the a-
chain [14,15]. Both cytokines are potent growth factors for
activated T and NK cells [16,17].

Activated T-cells and T cell-derived factors play an important
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role in the functional maturation and increased survival of DC
[18-20]. Because IL-15 and IL-15R« are expressed by most cells
in response to inflammatory stimuli [21,22], it is likely that this
cytokine has an integral role in primary immune responses.
Agostini et al. [23] reported that macrophages activated with IL-
15 up-regulated the expression of costimulatory molecules, such
as CD80 and CD86, which enhance signal transduction between T
cells and APCs. Furthermore, the long-term effects of IL-15 may
be necessary for maintaining antigen-specific memory T cells
[24,25], and for the recruitment of DC and NK cells from CD34™"
stem cells [7]. Monocytes represent an abundant source of DC
precursors. However, it is not known if inflammatory cytokines
can induce the transformation of monocytes into DC. To study this
issue more closely, we examined the effect of IL-15 in supporting
the maturation of CD14" monocytes to DC.

MATERIALS AND METHODS

Reagents and antibodies

Recombinant cytokines GM-CSF and IL-4 were obtained from
Immunex (Seattle, WA), TNF-a from Genzyme Corporation
(Cambridge, MA). Pooled human AB sera were obtained from
Pel-Freez (Brown Deer, WI). Mouse anti-human CD14 and CD3
MoAbs conjugated with magnetic beads were purchased from
Milteneyi Biotech Inc., Auburn, CA. The FITC-conjugated
MoAbs Leu M3 (anti-CD14), Leu HLA DR (anti-DR), IL-2R
(anti-CD25), anti-CD4, Leu 1la (anti-CD16) and Ig isotype
control antibodies were purchased from Becton Dickinson (San
Jose, CA); anti-CD86, anti-CD11c, anti-HLA-ABC and anti-human
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GM-SCF MoAbs were purchased from Pharmingen (San Diego,
CA); anti-CD83, Anti-CD45, anti-CD40 and anti-CD80 from
Immunotech (Marseille, France); anti-CDla antibody (cortical
thymocytes) were obtained from Dako (Carpinteria, CA). IL-15
was purchased from PeproTech, Inc (Rocky Hill, NJ). Ficoll-
Hypaque was purchased from Pharmacia (Uppsala, Sweden). The
[methyl-3H]thymidine was purchased from Amersham Life
Sciences (Arlington Heights, IL).

Cell separation and dendritic cell cultures

PBMC were obtained from normal healthy volunteers. Mono-
nuclear cells were separated from blood by standard gradient
centrifugation with Ficoll-Hypaque (Pharmacia). Mononuclear
cells were harvested from the interface, washed twice and CD14™
monocytes were isolated by positive selection using immuno-
magnetic beads. Briefly, purified mononuclear cells were
suspended (107 cells/80 wl) in cold PBS supplemented with
2 mM EDTA and 0-5% bovine serum albumin (Fraction V, Sigma
Chemical Co., St. Louis, MO). Paramagnetic beads coated with
anti CD14 MoAb (Miltenyi Biotech Inc., Auburn, CA) were
mixed with the mononuclear cells (20 ul per 107 cells). The
CD14-labelled cells were incubated for 15 min (4°C), washed and
passed through a type RS or VS iron-fibre column placed within a
strong magnetic field (Miltenyi Biotech, Inc.). CD14™ cells bound
to the column were eluted. For purified T cells, mononuclear cells
were centrifuged through discontinuous Percoll (Pharmacia)
gradients (25-60%) and T cells (purity 95-98%) were obtained
from the high density (45-60%) Percoll fraction as previously
described [26]. The isolated CD14* monocytes did not express
either IL-2Ra (CD25) or CDla (data not shown). CDI14"
monocytes were cultured (37°C, 5% CO,) in RPMI-1640,
supplemented with 5% human AB serum. To generate DC,
cultures were also supplemented with 800 U/ml GM-CSF and
500 U/ml IL-4. For experiments involving addition of cytokines,
optimal doses were determined (data not shown), and based on
these results, 100 ng/ml of TNF-a and 100 ng/ml of IL-15 were
used for all studies.

FACS analysis

CD14™" monocytes were incubated with an anti-Fc receptor MoAb
(Miltenyi) to block Fc-receptor binding sites, then incubated
(45 min, 4°C) with different FITC-labelled or PE-labelled MoAbs,
or control isotype-matched MoAbs. Unbound antibody was
removed by washing the cells with medium (4°C). After two
washes, cells were fixed with 1% paraformaldehyde and the cell-
associated immuno-fluorescence was measured by flow cytometry
(FACSort, Becton Dickinson).

T cell proliferation assay

CD14" cells were cultured with either GM-CSF/IL-4 for 6 d
followed by TNF-« treatment for 24 h or only IL-15 for 7 d,
harvested, irradiated (2000 Rad), and used as stimulator cells. T
cells (1-3 x 10%/well) were cultured (6d, 37°C, 5% CO,,
humidified air) with irradiated DC as stimulators (1-10 x 10%
well) in 96-well, round-bottom cell culture plates (Costar,
Cambridge, MA) in RPMI medium containing 5% human AB
serum. T-cell proliferation was measured in triplicate after 6 d of
culture by incubating (12 h) cultures with 1 wCi [*H]thymidine/
well, harvesting the cells onto microplate unifilters and measuring
radioactivity in a liquid scintillation counter (Packard, Meriden,
CT).

Measurement of transcriptional activation of chemokine genes by
RT-PCR

Total cellular RNA was extracted from 1 to 2 x 10° cells using
TRI REAGENT (Molecular Research Center Inc., Cincinnati,
OH), according to the manufacturer’s instructions. The concen-
tration of purified RNA was estimated spectrophometrically by
measuring the absorbance at 260 nm. Single-strand cDNA was
synthesized from total RNA by AMYV reverse transcriptase (Perkin
Elmer, CA). Briefly, a 20-u.1 reaction mixture contained 250 ng of
RNA template, 500 ng oligo-dT primer, 5 mm MgCl,, Tris buffer,
1 mm dNTPs, 2-5 Units rRNAsin, and 15 Units AMV reverse
transcriptase. The reaction mixture was incubated for 30 min
(42°C). Relative levels of chemokine mRNA were measured by
PCR. The assay consisted of 2 ul of cDNA in a final volume of
50 w1l that contained 800 mm Tris-HCI pH 89, 200 mm
(NH4),SOy4, 50 mm MgCl,, 0-2 mm dNTPs (Promega, Madison,
WI), 02 um of each primer and 1-5 Units AmpliTaq DNA
Polymerase (Perkin-Elmer, Norwalk, CT). Primers used for PCR
were: hMIP-1a: 5'-CGAGCCCACATTCCGTCACC-3' and 5'-
CGCATGTTCCCAAGGCTCAGG-3', amplifying a 309-bp pro-
duct; hRANTES: 5'-CCCCGTGCCCACATCAAGGAGT-3’ and
5'-TCAAGGAGCGGGTGGGGTAGGA-3’, amplifying a 257-bp
product; hPARC: 5’-AGTTTCCAAGCCCCAGCTCACTCT-3’
and 5-TGGGGGCGGTTTCAGAATAGTCA-3', amplifying a
208-bp product; hTARC: 5'-CCTCCTCCTGGGGGCTTCT
CTG-3' and 5-GACTTAATCTGGGCCCTTTGTGC-3’ amplify-
ing a 445-bp product; hELC: 5-CACCCTCCATGGCCCTGCT
ACT-3' and 5'-TAACTGCTGCGGCGCTTCATCT-3’ amplify-
ing a 304-bp product; B-actin: 5'-ACACTGTGCCCATCTACGA
GGGG-3' and 5'-ATGATGGAGTTGAAGGTAGTTTCGTGG
AT-3', amplifying a 340-bp product. cDNA were amplified by
PCR under the following conditions: 60 s at 95°C, 3 min at 55°C
and 2 min at 72°C for 30 cycles. PCR products were resolved on a
1-5% agarose gel containing ethidium bromide.

Chemokine assays

Chemokines MIP-1a, MCP-1, RANTES and IL-8 were measured
by enzyme immunoassay (R & D SYSTEMS, Minneapolis, MN),
according to the manufacturer’s instructions. Briefly, 100 wl of
culture supernatant or control (standard) were added to 96-well
microtiter plates precoated with MoAb to MIP-1a, MIP-1p,
MCP-1, RANTES and IL-8 and incubated for 30 min at room
temperature (RT). The wells were washed and an enzyme-linked
polyclonal antibody specific for MIP-1ac, MCP-1, RANTES or IL-
8 was added (100 wl) to detect bound cytokine. After a brief
incubation (30 min, RT), the wells were washed to remove any
unbound antibody reagent, a substrate solution was added to the
wells and incubated (20 min, RT). The colour development was
stopped and the intensity of the colour was measured at the
absorbance 450 nm. A standard curve was used to estimate the
experimental concentration of chemokines.

RESULTS

IL-15-treated CD14™ monocytes acquire characteristic DC
morphology

We first examined the cellular morphology of monocytes that
were incubated with IL-15. We observed that IL-15 treatment
resulted in CD14" monocytes that had pronounced dendritic
morphology, such as cytoplasmic protrusions, processes and veils
(Fig. 1b). This change in morphology indicated that monocytes
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Fig. 1. CD14™ monocytes cultured with IL-15 acquired the characteristic
morphology of mature dendritic cells. (a) CD14* monocytes cultured for
6 d with GM-CSF and IL-4, followed by TNF-a stimulation for 1 d; (b)
CD14™ monocytes cultured for 7 d with IL-15 alone. Magnification 40 x.

responded to exogenous IL-15 and acquired cellular processes that
were quite distinct from monocytes before culture but similar to
CD14™" monocytes cultured in the presence of GM-CSF plus IL-4,
followed by stimulation with TNF-a (Fig. 1a).

Cell surface expression of MHC class Il and costimulatory
molecules on monocytes are induced by IL-15

Activation of naive T cells by DC requires neo-expression of
HLA-DR and costimulatory molecules. Surface HLA-DR and
CD86 expression on IL-15 treated CDI14% monocytes were
examined by flow cytometry. Results shown in Fig. 2a,b indicate
that IL-15-treated monocytes expressed significantly higher levels
of HLA-DR and CD86 when compared to untreated monocytes.
Peak expression occurred by 8 d for HLA-DR and 9 d for CD86.
These results indicated that transformation of CD14" monocytes
by IL-15 was accompanied by strong induction of HLA-DR and
CD86 expression. Monocytes treated with IL-15 expressed
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Fig. 2. Kinetics of HLA-DR and CD86 cell-surface expression. CD14™
monocytes were cultured with IL-15, harvested at different time points and
labelled with FITC-conjugated MoAb. Cell surface expression of HLA-DR
and CD86 was analysed by flow cytometry. (a) Kinetics of HLA-DR
expression; (b) kinetics of CD86 expression. O and A represent matched
AD isotype control, @ represent expression without cytokine treatment and
A represent expression in the presence of IL-15. Data are presented as the
median value of fluorescence intensity.

cell-surface levels of the costimulatory molecules CD86, CD8S0
and CD40 that were equivalent to DC obtained from cultures of
CD14" monocytes treated with GM-CSF plus IL-4 and TNF-a
(Fig. 3a,b). CD14 expression was down-regulated in both IL-15-
induced DC as well as DC derived from culture treated with
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Fig. 3. Comparison of cell surface receptors of CD14™ monocytes cultured with IL-15 or combination of GM-CSF, IL-4 and TNF-a. DC
were harvested after 7 d in culture with IL-15 or GM-CSF and IL-4 for 6 d followed by TNF-« treatment for 24 h and labelled with FITC-
or PE-conjugated specific MoAb or isotype matched-control MoAb. Cell surface antigen expression was measured by flow cytometry. (a)
CD14" cells prior to culture. (b) 7 d of culture. (c) CD83 expressed by CD14 " monocytes prior to culture, 7 or 9 of culture. Isotype-

matched control MoAb, thin lines; surface antigen-specific MoAb, thick lines.
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Fig. 3. Continued.

combination of GM-CSF, IL-4 and TNF-« (Fig. 3a,b) and these
cells did not express CDla (data not shown). The number of DC
recovered by either IL-15 or combination treatment with GM-
CSF, IL-4 and TNF-a was about the same. Since expression of
CD83 is a late event in DC maturation we examined expression of
this marker at 24 h (day 7) and 72 h (day 9) after TNF-« addition
in GM-CSF/IL-4 culture and for IL-15 treated culture of
monocytes at day 7 or 9. CD83 expression was found to be
increased in both cultures treated with GM-CSF/IL-4/TNF-a or
IL-15 and suggest maturation of DC (Fig. 3c). These results
suggest that the IL-15-induced transformation of CD14* mono-
cytes to DC occurs without maturation stimuli like TNF-a or LPS.

Conversion of CD14" monocytes to mature DC by IL-15 does not
require GM-CSF

GM-CSF is a key factor for both murine and human DC
development that stimulates the growth and differentiation of

pluripotential progenitors into DC. We examined the mono-
cytes’ response to IL-15 to see if the transformation to DC
depended on the release of GM-CSF. Varying concentrations
(1-100 wg/ml) of neutralizing anti-GM-CSF MoAb [27] were
added to monocytes cultured with IL-15. As determined by the
increased expression of HLA-DR and CD86 molecules
(Fig. 4a,b), the anti-GM-CSF antibody did not block the
transformation of monocyte to DC. To confirm that the anti-
GM-CSF-antibody neutralized GM-CSF activity, CD14" mono-
cytes were cultured with IL-15 either for 7 d or GM-CSF and
IL-4 for 6 d followed by TNF-a for 24 h in the presence of
blocking of anti-GM-CSF antibody. Cell surface expression of
HLA-DR and CD 86 were examined by flow cytometry. Our
results indicate that neutralizing anti-GM-CSF antibody did not
affect HLA-DR or CD86 surface expression in IL-15-induced
DC. In contrast, anti-GM-CSF antibody inhibited cell surface
expression of HLA-DR as well as CD86 in a dose dependent
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manner in cultures treated with combination of GM-CSF, IL-4
and TNF-« (Fig. 4c). Further, no IL-15 was detected in media
of activated monocytes cultured with GM-CSF and IL-4 (data
not shown). These results suggest that the effect of IL-15 on
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monocytes was specific and independent of the GM-CSF-driven
maturation pathway.

IL-15-induced DC stimulate potent T-cell responses

The best definition of DC relies on a confirmation of functional
properties. Potent induction of a primary, T-cell dependent, allo-
response can be used as one measure of DC function. Therefore,
we examined the T-cell stimulatory capacity of DC generated by
culturing CD14% monocytes with IL-15. Results, shown in
Fig. 5a,b, indicate that the IL-15-induced DC stimulated prolif-
erative responses in a dose dependent manner from allogeneic T
cells comparable to GM-CSF, IL-4 and TNF-« induced DC. Thus,
IL-15 appeared to induce DC that were functionally similar to DC
resulting from treatment with a combination of GM-CSF, IL-4 and
TNF-a. We next evaluated antigen processing and presentation of
IL-15-induced DC and induction of antigen-specific autologous T-
cell responses to recombinant staphylococcal enterotoxin B
vaccine (rSEB) [28]. These results shown in Fig. 5c indicate that
in a dose dependent manner DC derived by treatment either with
IL-15 or combination of GM-CSF, IL-4 and TNF-« stimulated
equivalent levels of T-cell (naive and memory) responses to a
recombinant staphylococcal enterotoxin B vaccine (rSEB). In
addition, we observed that both IL-15 and GM-CSF, IL-4, and
TNF-a-derived DC stimulated equivalent levels of T-cell
responses against tetanus toxoid (data not shown). These data
suggest that IL-15-induced DC expressed appropriate phenotypic
characteristics of mature DC such as CDS83 expression and
stimulated antigen-specific immune responses from autologous T
cells. In addition to activating antigen-specific T-cell responses,
IL-15-induced mature DC produced significant amount of
cytokines IFN-vy and IL-12 (manuscript in preparation).

Chemokine production by mature DC

The transformation to DC is accompanied by the acquisition of
chemokine receptors and increased release of chemokines. It was
possible that the independent activation pathways of IL-15 and
GM-CSF may have resulted in distinguishable patterns of

Fig. 4. Conversion of CDI4" monocytes to mature DC by IL-15 was
independent of GM-CSF. CD14" monocytes were cultured with IL-15 or
IL-15 in the presence of anti-GM-CSF or control antibody (normal mouse
serum, NMS). Cells were harvested at day 7 and cell surface HLA-DR (a)
and CD86 (b) were measured by flow cytometry with FITC-labelled specific
or isotype matched-control MoAbs. Cell surface HLA-DR and CD86
expression were assessed. Histogram (a and b) represents for isotype
matched control antibody and HLA-DR or CD86 expression by CD14"
monocytes when cultured with IL-15 (no antibody) or expression when
cultured with IL-15 in the presence of NMS (control antibody) or anti-GM-
CSF antibody as indicated. Data represent optimum dose of antibody
concentration. (c) Inhibition of HLA-DR and CD86 expression by anti-GM-
CSF antibody in GM-CSF, IL-4 and TNF-a induced culture of CDI14"
monocytes but not in IL-15-induced culture. To confirm that the anti-GM-
CSF neutralized GM-CSF activity, CD14" monocytes were cultured with
IL-15 or combination of GM-CSF, IL-4 and TNF-« in the presence of
varying concentrations (1-100 wg/ml) of anti-GM-CSF antibody. Cells
were harvested at day 7 and cell surface HLA-DR and CD86 expression
were measured by flow cytometry with FITC-labelled specific or isotype
matched-control MoAbs. Cell surface HLA-DR and CD86 expression were
assessed. Data presented as percent inhibition of expression. Combination
treatment with GM-CSF, IL-4 and TNF-a DC (O, @); IL-15 treated DC, (A,
A). CD86 expression, filled symbols; HLA-DR expression, open symbols.
Results are representative of three experiments.
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chemokine and receptor expression. To address this issue, we
examined the transcriptional activation of chemokine genes and
release of chemokines into culture supernatants. The relative
levels of gene transcription for pulmonary and activation
regulated chemokine (PARC), thymus and activation-regulated
chemokine (TARC), regulated on activation of normal T cell
expressed and secreted (RANTES), macrophage inflammatory
protein (MIP-1«), macrophage chemotactic protein (MCP-1) and
human EBI1-ligand chemokine (hELC) (Fig. 6) were similar for
IL-15 and GM-CSF activated DC. In contrast, chemokine genes of
monocytes were not activated prior to culture (Fig. 6). Signifi-
cantly more inflammatory chemokines, of the CC family, which
includes MIP-1a, MCP-1, RANTES, were produced by IL-15-
induced DC (Table 1) compared to DC induced by the combina-
tion of GM-CSF, 1IL-4 and TNF-«. In addition, IL-15-induced DC
secreted the greatest amounts of the CXC chemokines IL-8 and
MCP-1 (Table 1). The constitutive and DC-specific chemokines,
such as PARC and TARC, were also up-regulated in mature DC
when cultured with IL-15.

DISCUSSION

Although GM-CSF combined with IL-4 and TNF-« is commonly
used in the laboratory for generating mature DC from CDI14"
precursors, the physiological relevance of this activation pathway
in vivo remains to be established. Our results demonstrate that IL-
15 causes the transformation of CD14™ monocytes to mature DC
by a pathway that is independent of GM-CSF. These IL-15-
induced cells are similar to myeloid DC generated by culture of
CD14™ monocytes with GM-CSF, IL-4 and TNF-c. It is possible
that this cytokine-mediated pathway for DC transformation is
more physiologically relevant because IL-15 is produced in
response to direct tissue injury or pathogen-derived components
[29,30]. Further, the IL-15 gene was shown to be transcriptionally
silent in monocytes cultured with GM-CSF and IL-4, whereas

Fig. 5. IL-15-induced DC stimulate a strong T-cell response. Allogeneic
T cells (2 x 10%) from two donors (a) and (b) were cultured separately for
6 d in a 96-well microtiter plate with mature DC (2 x 10*—2 x 10° y-
irradiated cells/well) that were generated either by treating with GM-CSF,
IL-4 and TNF-a or IL-15. T-cell proliferation was measured by
incorporation of [*H]thymidine. DC without T cells, open symbols (C]
and A); T cells and DC induced with GM-CSF, IL-4 and TNF-«, A; T cells
and DC induced with IL-15, . Data were expressed as means of triplicate
determinations * s.e.m. Results are representative of six experiments).
Statistical analysis in (a) and (b) shows strong dose effect in each group
(P < 0-0001 and P < 0-0004), respectively, but pair wise comparison of
two sets at each dose shows no significance differences between IL-15 and
GM-CSF, IL-4 and TNF-« induced DC. (c). IL-15-induced DC processed
and presented recombinant staphylococcal enterotoxin vaccine (rSEB
vaccine) and stimulated vaccine-specific T-cell response. CD14* mono-
cytes (4 x 10°) were cultured with IL-15 for 7 d or with a combination of
GM-CSF and IL-4 for 6 d followed by TNF-a for 24 h in the presence or
absence of different concentrations of rSEB vaccine (0-03 uM to 3 uwMm) in
a 96-well microtitre plate. After 7 days of culture media were removed,
and the wells were washed gently to remove residual cytokines. Cells were
cultured with autologous (memory and naive) T-cells (4 X 10°). After day
6 of culture, cells were pulsed with [*H]thymidine for 12 h and
proliferation was measured by incorporation of [*H]thymidine. Combina-
tion treatment with GM-CSF, IL-4 and TNF-«, A; IL-15 treatment, H;
without cytokine treatment (control), U25CF. Data were expressed as
means of triplicate determinations = s.e.m.
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Fig. 6. Inflammatory and constitutive chemokines production by mature
DC. Transcriptional activation of chemokine genes was measured by RT-
PCR and mRNA from CDI14% monocytes before culture or after
incubation with either IL-15 alone for 7 d or GM-CSF and IL-4 for 6 d
and 24 h stimulation with TNF-a.. A total of 30 PCR cycles were used.
Amplification of B-actin from the same RNA samples was used a control.

type 1 interferon or LPS induced significant production of IL-15
when added to these same cultures [31]. These results suggest that
alternative pathways may amplify DC activation and recruitment
by release of IL-15.

It is possible that alternative activation pathways may produce
different types of DC from the same monocyte precursors.
Discrete populations of NK and DC were recently shown [7] to
differentiate from CD34" haematopoietic progenitor cells cul-
tured with IL-15. It was unclear if monocytes were an
intermediate in the transformation of the CD34 cells to DC.
However, the GM-CSF, IL-4, TNF-« and IL-15-driven activation
pathways both appeared to result in equivalent DC in our study.
For example, levels of MHC and costimulatory molecule
expression on mature DC were the same for both cytokine-
activated pathways. Further, it is known that inflammatory
chemokines such as MIP-1a, RANTES are abundantly produced
by activated DC, and other chemokine genes, such as hELC,
hTARC and hPARC, are activated in mature DC [32,33]. The
production of chemokines by mature DC facilitates the recruit-
ment of other mononuclear cells and granulocytes, and also directs

Table 1. Comparison of chemokines secreted by mature dendritic cells

RANTES* MIP-1a 1L-8 MCP-1
Media alonef < 13-1 <312 <625 <312
No cytokinesi 249 700 24286 7789
GM-CSF, IL-4 and TNF-« 575 993 8724 3089
IL-15 3438 2000 25858 8278

*Concentrations in pg/ml.
tNegative control (without cells and cytokine).
+Cells without cytokines.

homing of DC from inflammatory sites to the T- and B-cell areas
of secondary lymphoid organs. Our results indicate that these
chemokine genes are quiescent in resting monocytes, whereas,
IL-15-activated monocytes produce MCP-1, IL-8, and several
other cytokines. Thus, with the possible exception of chemokine
production, both DC-induction pathways examined appear to
produce equivalent phenotypes of DC. Previous reports suggested
that IL-8 was transiently expressed during maturation of DC,
following stimulation with LPS, TNF-a or CD40 ligand, whereas
MCP-1 secretion is more sustained [32,34]. These chemokines
stimulate chemotaxis and adhesion of PMNs, monocytes and
lymphocytes [35,36]. Presently, it is not clear if a difference in
expression of the chemokines IL-8 and MCP-1 between IL-15- or
the GM-CSF-induced DC pathways indicate potential differences
in function or if the kinetics of secretion vary between these two
maturation pathways. The expression of IL-15 and IL-15Re in
virtually all tissues contrasts sharply with the highly restricted
expression of IL-2 and IL-2R and suggest that IL-15 may have a
broader role in stimulating immune responses [29]. IL-15
enhances antigen-specific immunity against infectious pathogens
[37-39] and is a survival factor for memory T cells [25,40]. Our
results suggest that IL-15 and the combination of GM-CSF, L4
and TNF-a are independent signals for DC maturation. In
addition, the release of IL-15 by mature DC [31,41-43] may
serve as a positive feed-back loop for expanding populations of
professional APCs. Collectively, these observations indicate that
activation of DC from CD14" monocytes in response to IL-15
may be important for amplifying primary immune responses.
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