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Introduction

Summary

There is growing interest in the in vitro generation of dendritic cells (DC)
from peripheral blood monocytes, but the effect of the method chosen to
isolate CD14" monocytes for subsequent DC generation is poorly docu-
mented. The method used to isolate monocytes may have an impact on
the subsequent function of DC by affecting their ability to express costim-
ulatory molecules (CD80/86), maturation marker (CD83) and/or to pro-
duce important immunomodulatory cytokines. In this study, we show
that the positive selection of monocytes by anti-CD14-coated microbeads
inhibits the lipopolysaccharide (LPS)-induced production of interleukin
(IL)-12, IL-10 and tumour necrosis factor-o¢ (TNF-o) from human DC.
However, when DC were grown from monocytes isolated by plastic adher-
ence, LPS induced the production of much higher levels of these cyto-
kines. DC derived from adherence-isolated monocytes induced the
development of potent cytotoxic T lymphocytes of the Tcl subset specific
for influenza matrix protein, as confirmed by interferon-y (IFN-vy)
enzyme-linked immunosorbent spot-forming cell assay (ELISPOT), cyto-
toxicity assay, major histocompatibility complex (MHC)-peptide tetra-
meric complexes and T helper 1/T helper 2 (Th1/Th2) cytokine
production assays.
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DC mature into potent immunostimulatory cells that can
drive T-cell clonal expansion and, through production of

Dendritic cells (DC) are potent antigen-presenting cells
that can stimulate both B and T lymphocytes.'™ There is
increasing interest in the use of DC owing to their unique
properties in inducing and regulating immune responses.
These functions highlight their potential value in vaccines
for infectious diseases and cancers and of their role in the
induction of T-cell tolerance in other situations.*” Typic-
ally, immature DC capture and process antigen to peptides
which are then presented in the context of major histo-
compatibility complex (MHC) class II or class I molecules,
as shown by cross-priming.® It is believed that the matur-
ation of DC plays a central role in determining the out-
come of immune responses. Maturation can be induced
by several stimuli, such as bacterial-derived antigen [e.g.
lipopolysaccharide (LPS)], inflammatory cytokines [e.g.
tumour necrosis factor-a (TNF-a)], ligation of cell-surface
receptor [e.g. CD40 by CD40 ligand (CD40L)] and viral
product (e.g. double-stranded RNA).””'® Upon activation,
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immunomodulatory cytokines such as interleukin (IL)-10
and IL-12, promote the development of T helper 1 (Th1)/
Tcl or T helper 2 (Th2)/Tc2 effectors."'

Human DC can be generated in vitro from peripheral
blood CD14" monocytes, termed monocyte-derived DC
(MoDC), or from CD34" progenitors. Recently, it has
been shown that DC can be isolated directly from periph-
eral blood by using blood dendritic cell antibodies
(BDCA)."? Although recent methodological advances in
cell purification have provided a number of choices for
generating DC from different sources, each method
should be carefully characterized for its application in
clinical use. CD14" cells can be isolated either by a posit-
ive selection method by using a magnetic activated cell
sorting (MACS) method or by plastic adherence. The
MACS method is rapid and produces high yields of pure
cell populations. The effect of the method chosen to iso-
late CD14" cells for subsequent DC generation is pootrly
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defined but may have a significant impact on their future
function. In this study, we investigated the effect of the
separation method and different activation signals on the
ability of DC to express the costimulatory molecules
CD80/CD86 and the maturation marker CD83 and to
produce immunomodulatory cytokines. Concomitant
with this, we studied the difference of immunomodula-
tory functions, especially of cytokine production, between
MACS-isolated monocyte-derived DC (designated MACS/
MoDC), and plate-adherence-selected monocyte-derived
DC (designated adherence/MoDC). We also investigated
the functional capacity of adherence/MoDC to stimulate
antigen-specific cytotoxic cells to the influenza matrix
protein and their ability to induce cytokines in the
responding cell populations.

Materials and methods

Monocyte isolation for subsequent DC generation

Fresh, whole blood was drawn with informed consent from
healthy donors into vacutainer tubes (Becton Dickinson
Vacutainer; Becton Dickinson, Plymouth, UK) containing
EDTA. Peripheral blood mononuclear cells (PBMC) were
isolated by using Histopaque-1077 (Sigma Chemicals,
Poole, Dorset, UK), as previously described.®> CD14"
monocytes were isolated from PBMC either by positive
selection using a MACS system (Miltenyi Biotech, Bergisch
Gladbach, Germany), according to the manufacturer’s pro-
tocol, or by plastic adherence. For monocyte isolation by
plastic adherence, 5 x 10° PBMC per well were distributed
into 12-well plates (Corning Inc. Costar, NY, USA), and
allowed to adhere in a 5% CO, incubator at 37° for 2 hr
in 1 ml of RPMI-1640 containing 0-3 g/L L-glutamine
(Sigma) supplemented with 5% (v/v) fetal calf serum (FCS,
heat inactivated; Sigma), 100 U/ml penicillin (Sigma) and
0-1 mg/ml streptomycin (referred to as complete medium,
5% CM). Non-adherent cells were removed and the adher-
ent cells were washed carefully, twice, with prewarmed
5% CM.

Generation and maturation of DC

Monocytes isolated by either MACS or adherence were
cultured in 12-well flat-bottom plates containing 1 ml of
5% CM per well supplemented with 1000 U/ml recom-
binant human granulocyte—-macrophage colony-stimula-
ting factor (GM-CSF) (R & D Systems, Abingdon, UK)
and 1000 U/ml human recombinant (hr)IL-4 (R & D Sys-
tems) for the generation of immature DC. Every 2 days
200 pl of the medium was exchanged with 5% CM con-
taining cytokines.

After 6 days of culture, the cells were harvested, pooled
together and counted. The supernatants were removed and
kept frozen at —80° for assay of cytokine concentrations.
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Day 6 immature DC were matured by using 0-5 pg/ml of
LPS from Escherichia coli 026:B6 (Sigma), 1 pg/ml of
hrCD40L (R & D Systems) and 20 ng/ml of TNF-a (R & D
Systems). Immature DC grown from MACS or adher-
ence-isolated monocytes were aliquoted at 0-5 x 10° cells
in 0-5 ml of supernatant suspension into each well and
incubated at 37° with the stimulant for 15-20 min before
adding 0-5 ml of fresh 5% CM with cytokines and then
incubated further for 3 days.

The expression of CD14, CD1a, human leucocyte anti-
gen (HLA)-DR, CD80, CD86 and CD83 on monocytes,
immature DC and mature DC was analysed by flow
cytometry (Dako Partec Galaxy flow cytometer; Dako,
Miinster, Germany). All monoclonal antibodies (mAbs)
and their isotype-matched negative-control antibodies
were purchased from Serotec (Oxford, UK).

Cytokine measurements

Cytokines in tissue culture supernatants released from
different types of DC, or from peptide-specific T cells
stimulated by these DC, were measured by using the Bio-
Plex protein array system (Bio-Rad Laboratories, Hercu-
les, CA), which was optimized in our laboratory. The
Bio-Plex cytokine assay is designed for the multiplexed
quantitative measurement of multiple cytokines in a sin-
gle well using as little as 50 pl of sample."*'> For cyto-
kine assays, premixed multiplex beads of the Bio-Plex
human cytokine Th1/Th2 panel (Bio-Rad, Cat. no. 171-
A11081), was used, which included nine cytokines [IL-2,
IL-4, IL-5, IL10, IL-12 (P70), IL-13, GM-CSF, inter-
feron-y (IFN-vy), TNF-a] that can differentiate between
Th1/Th2 or Tcl/Tc2 phenotypes according to the pattern
of cytokines present.

Generation of peptide-specific CD8" T cells

Mature DC were pulsed with influenza matrix protein
(IMPsg_¢6), a highly immunogenic peptide derived from
Influenza Virus M1 peptide,'® at a final concentration
of 50 pg/ml for 2 hr at 37°. Non-adherent peripheral
blood lymphocytes (PBL) (= 2 X 10%) and the mature
pulsed DC (= 1 x 10°) were co-cultured at a ratio of
20:1to 30:1 in 1 ml of 10% AB (v/v) media in indi-
vidual wells of a 24-well flat-bottom plate (Corning) at
37°. The cells were cultured in the presence or absence
of 25 U/ml of hrIL-2 (R & D Systems). After 4 days,
1 ml of hrIL-2-containing medium was added. Following
another 3-day incubation, 1 ml of culture medium was
replaced with 1 ml of fresh hrIL-2-containing medium
and the cells were incubated for a further 4 days. Eleven
days of incubation with pulsed DC and hrIL-2 constitu-
ted one round of in vitro stimulation (IVS). After one
or two rounds of IVS, CD8" cells were separated from
the bulk cultures by positive selection with anti-CD8-
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coated microbeads (Miltenyi) and introduced into the
IFN-y enzyme-linked immunosorbent spot-forming cell
assay (ELISPOT). After two rounds of IVS, effector cells
were harvested without further separation and used as
effectors in a flow cytometric cytotoxicity assay.

ELISPOT

The protocol for IFN-y ELISPOT (Immunodiagnostic
Systems, Boldon, Tyne & Wear, UK) was used with some
modifications, as described by the manufacturer (Diaclone
Research, Besancon cedex, France). Briefly, 96 polyvinyl-
idene difluoride (PVDF)-bottom-well filtration plates
were coated overnight at 4° with an anti-IFN-y capturing
antibody. Unpulsed or IMPsg_gs-pulsed DC were used as
stimulators and incubated overnight with different effec-
tors, including IMP-CD8" clone, naive CD8"* lymphocytes
isolated directly from peripheral blood and in vitro-stimu-
lated CD8" cells isolated by MACS. The captured IFN-y
was then revealed by a secondary biotinylated anti-IFN-v,
which was, in turn, detected by streptavidin conjugated to
alkaline phosphatase, and a blue precipitate was produced
by the enzymatic reaction.

Cytotoxcity assay

The ability of clonally expanded effector T cells to kill
peptide-pulsed T2A2 cells (purchased from the American
Type Culture Collection, LGC Promochem, Middlesex,
UK) was assessed in a flow cytometric cytotoxicity assay
in which targets were first labelled with lipophilic mem-
brane dye PKH26 (Sigma, St Louis, MO) before pulsing
with IMPsg_gs peptide and incubation with the effector T
cells for 4 hr at 37°. To discriminate dead cells from live
by propidium iodide (PI) exclusion, 20 pg/ml of PI dye
(Sigma) was added to each tube prior to analysis by flow
cytometry.

The level of cytotoxicity was expressed as the percent-
age of cell death within the PKH26-positive targets and
calculated as:

[Dead-labelled targets
+ total PKH26 positive targets (dead and live)] x 100%.

(1)
The specific percentage lysis was calculated as:

[% Td (target dead) with effectors]
— [% Td without effectors]. (2)

Tetramer staining

The IMP-CD8" clone was used as a positive control to
optimize the staining conditions, tetramer and antibody
concentration used. Briefly, 0-5x 10° of the clonally
expanded T cells were stained first with phycoerythrin
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(PE)-labelled IMP/tetramer (synthesized by Proimmune
Limited, Oxford, UK) for 10 min at 37°, washed twice
with buffer and then incubated with anti-CD8 fluoresc-
ein isothiocyanate (FITC) mAb (clone LT8, Proimmune
Limited) for 45 min on ice before flow cytometric
analysis.

Statistical analyses

The unpaired two-tailed Student’s #-test was used to com-
pare differences in DC membrane marker expression, and
P-values of <0-05 were considered significant.

Results

Phenotypic differences of monocytes and of immature
and mature DC

Adherence or MACS-isolated monocytes, and immature
and mature DC activated by different maturation signals,
were analysed by flow cytometry for the expression of
certain surface markers, with the aim of establishing the
phenotypic differences between them. Figure 1 shows
that CD14" monocytes express intermediate levels of
HLA-DR and CD86 and negligible levels of CD1a, CD80
and CD83. Immature DC are phenotypically different
from their monocyte precursors. They express lower
levels of CD14 and higher levels of HLA-DR and CD86.
Immature DC express CDla and low levels of CD80,
but do not express CD83 (an adhesion molecule
expressed on mature DC). It was shown that differenti-
ation into CD83" DC required the suspension of cells at
low numbers per unit volume; therefore, immature DC
were redistributed at 05 x 10° cells/ml before stimula-
tion."” Following maturation with LPS, CD40L or
TNF-a, DC down-regulate CD14 and up-regulate HLA-
DR, CD86 and CD80 expression, and some cells express
CD83 (Fig. 1). LPS was shown to be a more potent
stimulant for CD83 expression than CD40L or TNF-o
(Fig. 1).

Immature and mature DC derived from adherence
or MACS-isolated monocytes express the same level
of CD80, CD86 and CD83

In order to explore the effect of the monocyte isola-
tion method on the expression of costimulatory mole-
cules and DC maturation markers, we investigated the
expression of CD80, CD86 and CD83 on the surface of
immature DC and mature DC grown from either
adherence or MACS-isolated monocytes (Fig. 2). There
was no statistically significant difference (all P-values
>0-05) in the percentage of DC expressing CD80,
CD86 and CD83, regardless of whether their monocyte
precursors were isolated by adherence or by MACS.
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Figure 1. Immunophenotype profile of monocytes, immature dendritic cells (DC) and mature DC. Monocytes were isolated by adherence, and

generated immature DC were matured by incubation with 0-5 pug/ml of lipopolysaccharide (LPS), 1 pg/ml of CD40L or 20 ng/ml of tumour nec-

rosis factor-a (TNF-a) for the last 3 days of culture. All cells were stained with fluorochrome-conjugated monoclonal antibodies and analysed by

flow cytometry. Data shown are representative of four separate experiments. Black lines represent cells stained with monoclonal antibodies and

red lines represent cells stained with isotype-matched control antibodies.
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Figure 2. Effect of the monocyte isolation method [adherence or
magnetic activated cell sorting (MACS)] on the cell-surface expres-
sion of CD80, CD86 and CD83. The expression of these markers
was measured, by using flow cytometry, on the surface of immature
and mature adherence or MACS/monocyte-derived dendritic cells
(MoDC). Data are shown as the percentage of cells that express any
of these markers. Data represent the mean values + standard devi-
ation (SD) of three separate experiments. LPS, lipopolysaccharide;
TNEF-o, tumour necrosis factor-o.
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DC derived from adherence-isolated monocytes
secrete much higher levels of IL-12, IL-10 and TNF-a
than DC grown from MACS-isolated monocytes

DC activated by LPS secreted higher levels of IL-12,
IL-10 and TNF-o than unstimulated DC or cells activa-
ted by CD40L or TNF-a (Fig. 3a—3c). However, DC acti-
vated by TNF-a secreted relatively higher levels of IL-2
when compared to other activators (Fig. 3d). To estab-
lish the impact of monocyte separation method on the
ability of DC to become mature and release cytokines,
the measurement of several cytokines, released from
immature or mature DC in culture supernatants taken
from adherence/MoDC or from MACS/MoDC was
performed. Interestingly, MACS/MoDC did not secrete
significant amounts of IL-12, while adherence/MoDC
activated by LPS secreted much higher levels (> 200-
fold) of IL-12 (Fig. 3a). At the same time, the secretion
of IL-10 and TNF-o from adherence/MoDC activated by
LPS was up to 10-fold higher than from MACS/MoDC
(Fig. 3b,3c). No significant difference in IL-2 and IFN-y
secretion was observed between adherence and MACS/
MoDC (Fig. 3d,3e).
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Figure 3. Effect of the monocyte isolation method [adherence or
magnetic antibody cell sorting (MACS)] on cytokine secretion.
Monocytes were isolated by either adherence or MACS, dendritic cell
(DC)-generated and matured by lipopolysaccharide (LPS), tumour
necrosis factor-o. (TNF-a) or CD40L. Then, interleukin (IL)-12p70,
IL-10, TNF-a, IL-2 and interferon-y (IFN-y), released from unstimu-
lated or stimulated adherence or MACS/monocyte-derived dendritic
cells (MoDC), were measured in culture supernatants by using the
Bio-Plex protein array system. Cytokines released from adherence/
MoDC are shown as black columns, while cytokines from MACS/
MoDC are shown as white columns. The graphs shown are represen-
tative of experiments performed in quadruplicate from four separate
donors.

DC activated by LPS are superior to DC activated
by any other stimuli in IFN-y induction from
IMP-CD8" clone and naive CD8" T lymphocytes

The IFN-y ELISPOT was performed to enumerate pep-
tide-specific responding CD8" T cells. In order to deter-
mine the DC maturation scheme producing the most
potent stimulation of T cells, different types of DC
(immature or mature activated by different signals) were
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Figure 4. Interferon-y (IFN-y) enzyme-linked immunosorbent spot-
forming cell assay (ELISPOT), performed with the IMP-CD8" clone
as an effector and allogeneic dendritic cells (DC) derived from
adherence-isolated monocytes as stimulators. The table shows the
description for each column. The negative control was obtained by
incubating effectors alone and the positive control by incubating
effectors overnight with 50 ng/ml phorbol 12-myristate 13-acetate
(PMA) and 500 ng/ml ionomycin. For column (c), clone cells were
incubated with peptide in the absence of DC. Results are expressed
as the number of spot-forming cells (SFC) per 1 x 10* cells. Data
represent the mean value + standard deviation (SD) of tests repeated
three times.

pulsed with the IMPsg_¢s peptide and used as stimula-
tors in an IFN-y ELISPOT. Cells of the IMP-CD8" clone
were used as effectors. Each spot represents one IFN-y-
secreting CD8" cell, and the number of spots observed
in assays was adjusted to the number of spots per
1 x 10* cells. Among all maturation schemes used, as
shown in Fig. 4, DC matured with LPS showed the
strongest stimulatory effect on IFN-y secretion. When
CD40L was combined with LPS as the maturation sig-
nal, no additional stimulatory effect was observed on
IFN-7y secretion.
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In addition, the ELISPOT was initially performed with-
out IVS, using CD8" cells isolated from an HLA-A2 nor-
mal volunteer as effectors. The purity of the isolated
CD8" cells was >95%, as determined by flow cytometry
staining. Only IFN-y-secreting CD8" cells specific for the
IMPsg_g¢ peptide (15 per 10*) were detected when DC
matured by LPS were used as stimulators (data not
shown).

Adherence/MoDC activated by LPS are superior
inducers of CD8" T-cell responses specific
for IMP58—66

DC grown from adherence-isolated monocytes and activa-
ted by LPS expressed high levels of costimulatory mole-
cules and maturation markers. They also secreted the
highest level of the immunostimulatory cytokine IL12p70.
As these cells might act as superior inducers of antigen-
specific CD8" T-cell responses, we performed in vitro sen-
sitization experiments, using these cells as stimulators, to
expand IMPsg_g4-specific cytotoxic T lymphocytes (CTL).
The frequency of IMPsg_gs-specific IFN-y-producing
CD8" T cells was used as an indicator of DC stimulatory
ability. Following amplification of the precursor cells for
one round of IVS, IFN-y-producing CD8" cells, specific
for the IMPsg_g¢ peptide, were detected in all five HLA-
A2-positive donors tested at high frequency, even higher
than the positive control [cells stimulated by phorbol
12-myristate 13-acetate (PMA) and ionomycin] in some
donors (Fig. 5). Addition of IL-2 after 4 days resulted
in larger numbers of IMPsg_gs-specific IFN-y-producing
CD8" T cells than addition of IL-2 into culture on day 0
(Fig. 5).

Adherence/MoDC induce potent cytotoxic effector
T cells specific for IMPsg_g¢

Cytotoxicity assays were performed after two rounds of
IVS with IMPsg_g6-pulsed mature DC (by LPS).
IMPsg_g6-expanded effectors were able to kill a signifi-
cant percentage of T2A2 targets pulsed with IMPsg g6
peptide (> 65%, Fig. 6). The percentage of specific lysis
was calculated by subtracting the percentage of killing
of unpulsed T2A2 from the killing of pulsed targets.
Killing was in a target to effector ratio manner and
it was higher when IL-2 was added after 4 days of
culture.

To assess the specificity of the T-cell line generated,
naive or peripheral blood lymphocytes, expanded by
IMPsg_g6-pulsed adherence/MoDC, were stained by PE-
labelled IMP/tetramer and anti-CD8 FITC mAb. IMP-
specific CD8" T cells were amplified from 0-25% (Fig. 7a)
to ~78% (Fig. 7b) after one round of IVS. More than
90% of CD8" cells became tetramer positive after two
rounds of IVS (data not shown).
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Figure 5. Interferon-y (IFN-y) enzyme-linked immunosorbent spot-
forming cell assay (ELISPOT) for IMPsg g6-specific CD8' cells
expanded for one round of in vitro stimulation (IVS) by using
IMPsg_g6-pulsed autologous mature dendritic cells (DC) derived
from adherence-isolated monocytes and activated by lipopolysaccha-
ride (LPS). The actual number of peptide-specific CD8" cells can be
obtained by subtracting the number of spot-forming cells (SFC)
when unpulsed DC are used as stimulators from the number of SEC
when pulsed DC are used as stimulators. Data represent the mean
value + standard deviation (SD) of tests repeated three times. One
representative experiment of five, performed from five different
donors, is shown. IL-2, interleukin-2; NC, negative control; PC, posi-
tive control.
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Figure 6. Percentage specific lysis of T2A2 cells by IMPsg_gs-expan-
ded peripheral blood lymphocyte (PBL) effectors in a 4-hr PKH26-
labelling flow cytometric assay. Effectors were expanded for 11 days by
using IMPsg_gs-pulsed autologous dendritic cells (DC) derived from
adherence-isolated monocytes and matured by lipopolysaccharide
(LPS). In this experiment, interleukin-2 (IL-2) was added on day 4.
The expanded effectors were then incubated for 4 hr with unpulsed or
peptide-pulsed T2A2 targets, and the percentage of target killing was
determined flow cytometrically. The graph shown is representative of
experiments performed in triplicate from three separate donors.
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Figure 7. Tetramer staining of unexpanded (a) and expanded (b)
CD8" T lymphocytes. Peripheral blood lymphocytes from HLA-
A2-positive normal donors were expanded by using mature adher-
ence/monocyte-derived dendritic cells (MoDC) pulsed with IMPsg_g¢
peptide. Lymphocytes were gated by using their forward- and side-
scatter properties, and CD8" T cells were gated if positive for
anti-CD8 monoclonal antibody (mAb). Only 0-25% of CD8" T cells
stained positive for the tetramer before stimulation (a), while 77:8%
of these cells became tetramer positive after one round of in vitro
stimulation (IVS) (b). PE, phycoerythrin.

Adherence/MoDC induce the development
of Tcl effectors

Finally, to test whether adherence/MoDC stimulators
induced the development of Tcl or Tc2 effectors, expan-
ded CD8" T cells specific for IMPsg ¢ were positively
selected by MACS and then incubated for 72 hr with or
without PMA + ionomycin. Cytokines released in culture
supernatants were assayed by using premixed multiplex

beads, as described in the Materials and methods. As
shown in Table 1, stimulated CD8" cells secreted large
amounts of IFN-y without producing any IL-4 or IL-5,
which indicates that peptide-pulsed adherence/MoDC
induced the development of Tcl effectors specific for the
IMPsg_g6 peptide.

Discussion

The degree of DC differentiation plays an important role
in determining the subsequent immune response. There-
fore, it is critical to identify the differentiation stage of
DC that is most effective at inducing CD8" cell responses.
CD83 is an immunoglobulin superfamily member that
has been shown to be up-regulated following the matur-
ation of DC."® 2" It has been used as a marker of mature
DC despite its precise role remaining unknown. Interest-
ingly, no inhibitory or neutralizing antibody is currently
available. Recently, it has been suggested that CD83 is a
functionally important receptor which can regulate the
development of cellular immunity by interacting with its
ligand.21 Furthermore, it has been shown that the extra-
cellular CD83 domain inhibits DC-mediated T-cell prolif-
eration.”” The appearance of CD83, as a marker of
functional maturation, correlates with the ability of the
DC to produce increased amounts of immunomodulatory
cytokines. During the maturation process, DC secrete
cytokines essential for the activation of antigen-specific T
lymphocytes. More specifically, mature MoDC are known
to release the immunostimulatory cytokine, IL-12, which
has been shown to increase IFN-vy secretion from natural
killer (NK) and T cells and significantly increases the
cytolytic ability of these cells, promoting the development
of Th1/Tcl immune responses.23 However, IL-10 secre-
tion blocks DC maturation by interfering with the
up-regulation of costimulatory molecules and IL-12 pro-
duction, thereby limiting the ability of DC to promote
Th1/Tcl responses.”*?

In this study we have shown that the expression of
CD80, CD86 and CD83 molecules, which are important
for the stimulatory function of DC, was the same regard-
less of the method used to isolate the original CD14"

IL-2 IL-4 IL-5 IL-10 IL-12 IL-13 GM-CSF

Table 1. T helper (Th)1/Th2 cytokine panel

IEN-y  TNF-0.  for IMPs,_g6-specific CD8* T cells

Unstimulated 0 0 0 0 0 0
IMP-CDS8" cells

Stimulated IMP 201 0 0 0 0 81 19 839
CD8" cells

109 0

46 200 1664

Several cytokines, which can differentiate between Th1/Tcl and Th2/Tc2 effectors, were meas-

ured in the supernatants of unstimulated or stimulated [by phorbol 12-myristate 13-acetate

(PMA) and ionomycin] IMPsg_g¢-specific CD8" T cells.
Cytokines values are expressed in pg/ml.

GM-CSF, granulocyte—-macrophage colony-stimulating factor; IFN-y, interferon-y; IL, interleu-

kin; TNF-o, tumour necrosis factor-o.
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cells. Our data suggest that LPS could be a more potent
stimulus for the expression of these molecules on MoDC
than other stimuli such as TNF-o and CD40L. We have
shown, for the first time, that the process of DC matur-
ation induced by LPS was dramatically affected by the
positive selection of monocytes using anti-CD14 micro-
beads. Interestingly, MACS/MoDC were unable to secrete
significant amounts of immunomodulatory cytokines.
Indeed, secretion of cytokines such as IL-12p70, IL-10
and TNF-a, which are normally released at high levels by
LPS-activated DC, was drastically reduced after the posit-
ive selection of monocytes. Membrane CD14 (mCD14),
which is a glycosylphosphatidylinositol (GPI)-anchored
protein strongly expressed on the surface of monocytes
and macrophages, and weakly on neutrophils, is required
for the responses of these cells to low concentrations of
LPS.?® It has been reported that the absence of mCDI14 is
a characteristic of DC*” which occurs as a result of the
down-regulation of CD14 expression following the down-
regulation of CD14 mRNA induced by IL-4 in the DC
media.”® However, even under these circumstances, some
immature DC still weakly express mCD14.°>* The inabil-
ity of MACS/MoDC to secrete significant amounts of
cytokines is probably caused by blocking of mCD14 mole-
cules by anti-CD14 microbeads, but the exact mechan-
ism is still unclear. However, LPS stimulated the
production of high levels of IL-12p70, TNF-o and IL-10
from adherence/MoDC. This supports the possibility that
mCD14 molecules were blocked following positive selec-
tion. Activation of DC with TNF-o revealed a lack of
MACS and adherence/MoDC to produce IL-12p70 and
IL-10. However, they secreted approximately the same
levels of IFN-y and IL-2 (Fig. 4). Adherence is a widely
used method of monocyte isolation for in vitro DC gen-
eration because it is simple, inexpensive and can be
applied to a large number of samples. Most importantly,
adherence/MoDC activated by LPS secreted higher levels
of biologically active IL-12p70, IL-10 and TNF-a.

IL-12, produced predominantly by antigen-presenting
cells, plays an important role in the induction of cell-
mediated immunity. This function is promoted by IL-12-
induced IFN-y production from resting and activated NK
and T cells.’®”' IL-12 has been shown to augment the
cytolytic activity of T cells,”® increase the proliferation of
activated NK cells” and stimulate the induction of a
Th1/Tcl response.”**>” All these potent immunomodu-
latory activities show the importance of IL-12 production
from activated DC for the generation of specific immune
responses. This emphasizes the importance of generating
DC from adequately isolated monocytes that are highly
capable of producing IL-12. IL-10 has been recognized as
a main factor that can inhibit the differentiation of DC
from monocytes and strongly prevents DC maturation by
different stimuli.****>’®* Adherence/MoDC activated by
LPS induced the development of potent antigen-specific

© 2005 Blackwell Publishing Ltd, /Immunology, 114, 204-212

CD8" T cells, despite the secretion of IL-10 by adherence/
MoDC.

We have shown that DC derived from adherence-isola-
ted monocytes and activated by LPS were the strongest
stimulators for the induction of IFN-y from the IMP-
CD8" clone and from naive CD8" T cells. These potent
DC were used as stimulators to expand antigen-specific
CD8" T cells using the highly immunogeneic HLA-
A2-restricted IMPsg_g6 peptide as a model. By using
IFN-y ELISPOT, cytotoxicity assays, Th1/Th2 cytokine
panel assays and MHC—peptide tetrameric complex bind-
ing assays, we confirmed that expanded CD8" T cells are
potent cytotoxic effectors of the Tcl phenotype and speci-
fic for IMPsg_¢s peptide. This work highlights the import-
ance of the method used for monocyte isolation and
subsequent generation of DC and of the maturation sig-
nal used to activate these DC. Notably, the ability of the
generated DC to induce potent and specific immune
responses needs to be assessed in functional assays.
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