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Abstract: Dendritic cells (DCs) play a key-role in the immune response against intracellular bacterial pathogens, including
mycobacteria. Monocyte-derived dendritic cells (MoDCs) are considered to behave as inflammatory cell populations. Differ-
ent immunomagnetic methods (positive and negative) can be used to purify monocytes before their in vitro differentiation
and their culture behavior can be expected to be different. In this study we evaluated the reactivity of two dendritic cell
populations towards the Bacillus Calmette-Guérin (BCG) antigen. Monocytes were obtained from the blood of healthy
donors, using positive and negative immunomagnetic separation methods. The expression of DC-SIGN, CD86, CD80,
HLA-DR and CD40 on MoDCs was estimated by flow cytometry. The level of IL-12p70, IL-10 and TNF-a was measured by
ELISA. Neither of the tested methods affected the surface marker expression of DCs. No significant alteration in immuno-
logical response, measured by cytokine production, was noted either. After BCG stimulation, the absence of IL-12, but the
IL-23 production was observed in both cell preparations. Positive and negative magnetic separation methods are effective
techniques to optimize the preparation of monocytes as the source of MoDCs for potential clinical application
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INTRODUCTION produce Thl-promoting cytokines, and activate IFN-
y-producing T cells [10-12]. In contrast, Hanekom
: s i _ et al. [3] and Larsen et al. [13] showed that human
tuon and regulatlor.l ofa protectlye response against DCs infected with Mtb or BCG had decreased levels
intracellular bacterial pathogens, including mycobac- of MHC class II and costimulatory molecule CD80,

'Feria [1-4]. Thfj' p r.edom'inating DC subset invo?ved produced TNF-a and IL-10 instead of IL-12, and had
in mycobacterial infections are monocyte-derived an impaired capacity to activate T cells

dendritic cells (MoDCs) [5,6]. It is suggested that the

Dendritic cells play a significant role in the induc-

mechanism behind DC uptake of Mycobacterium tu- There are some difficulties in dendritic cell isola-
berculosis (Mtb) and Mycobacterium bovis BCG is me- tion due to their low concentration (about 0.01%) in
diated by the intercellular adhesion molecule-3 grab- peripheral blood. For these reasons, several methods
bing non-integrin (DC-SIGN) [7], which is present have been developed to generate DCs in vitro [14].
on the surface of human MoDCs, dermal DCs, lung The most frequently used techniques are plastic adher-
interstitial DCs and in lymph nodes [8,9]. Upon infec- ence or magnetic activated beads. Monocyte-derived
tion with Mtb or BCG in vitro, human DCs mature, dendritic cells became a gold standard for the genera-
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tion of dendritic cells for cellular immune therapies.
Although monocyte recovery from PBMC (peripheral
blood mononuclear cell) fractions is high (~80%), only
30% of the cells can be developed into mature highly
immunostimulatory DCs [15,16]. Human DCs can
be generated in vitro from peripheral blood CD14*
monocytes (hence they are termed monocyte-derived
dendritic cells) or from CD34* progenitors.

Recent studies showed that monocyte separation
methods, flask adherence and magnetic activated cell
sorting, provide different phenotypic and functional
characteristics of the resultant DCs [17]. In this study,
we evaluated, in vitro, the effect of two different im-
munomagnetic methods of monocyte separation on
the reactivity of MoDCs to the BCG antigen.

Experimental approaches were focused on the
potential differences in the expression of costimula-
tory molecules and surface receptors (CD86, CD80,
CD40, HLA-DR and DC-SIGN) on MoDCs, which are
known as crucial signals for T cell activation. Consid-
ering the central role of cytokines produced by den-
dritic cells in the negative or positive regulation of
immune response, we also determined the production
of IL-10, IL-12, IL-23 and TNF-a released by stimu-
lated and unstimulated dendritic cells.

MATERIALS AND METHODS

Blood donors

Blood was collected from 6 young healthy volunteers
with a mean age of 3043 years (range: 25-35 years),
vaccinated with BCG according to state policy. All
experiments were approved by the local Ethics Com-
mittee. Agreement for participation in the study was
signed by each donor before blood collection.

Isolation of monocytes

Peripheral blood (60-70 mL) was drawn in vacutainer
tubes containing spray-coated heparin (Becton Dick-
inson). After centrifugation (1000 rpm/min. for 15
min., RT) and plasma removal, blood was diluted in

RPMI 1640 medium (1:1, Sigma-Aldrich) and layered
on Ficoll-Paque PLUS at a ratio of 4:3 (Amersham,
Biosciences). After centrifugation at 400xg for 30 min,
PBMCs were harvested, washed and resuspended in
PBS (phosphate-buffered saline) supplemented with
0.5% BSA and 2 mM EDTA. PBMCs were counted in
trypan blue dye, and immediately used for monocyte
isolation either by positive or negative selection using
a MACS system (Miltenyi Biotech, Germany), accord-
ing to the protocol of manufacturer.

During positive separation, PBMCs were incu-
bated with magnetic beads conjugated with mouse
monoclonal anti-human CD14 antibody at 4°C for
30 min. After washing with MACS buffer, cells were
centrifuged and applied onto as LS column placed in
the magnetic field of a MACS separator. The magneti-
cally labeled CD14" cells were retained in the column
while the unlabeled CD14 cells passed through the
column. After removal from the magnetic field, mag-
netically retained CD14* cells (monocytes) were eluted
as a positively selected cell fraction.

In negative separation, monocytes were obtained
from PBMCs through the depletion of B cells, T cells,
natural killer cells, DCs, early erythroid cells, platelets
and basophils by an indirect magnetic labeling using a
cocktail of biotin conjugated antibodies against CD3,
CD7, CD16, CD19, CD56, CD123 and glycophorin A
as well as anti-biotin microbeads (monocyte isolation
kit Miltenyi Biotech). After incubation, cells were ap-
plied onto the LS column. The effluent of highly pure
unlabeled monocytes was collected.

The purity of monocytes obtained through posi-
tive and negative separation was determined to be
96% to 99% on the basis of forward and side scatter
gating in conjunction with CD14 staining using stand-
ard flow cytometry (data now shown). The viability
of the magnetically sorted cells was measured using
trypan blue dye.

Monocyte-derived dendritic cell generation

After immunomagnetic separation, monocytes were
suspended in RPMI-1640 (Sigma-Aldrich) supple-
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mented with 100 U/mL penicillin, 0.1 mg/mL strep-
tomycin, L-glutamine (Polfa Tarchomin, Poland), and
enriched with 10% (v/v) fetal calf serum (FCS, heat
inactivated; Cambrex, Belgium). The cell density was
adjusted to 1x10%/mL and monocytes were placed into
6-well tissue culture plates to differentiate into den-
dritic cells by incubation for 6 days in RPMI-1640
(supplemented as above) in the presence of 25 ng/mL
human granulocyte-macrophage colony-stimulating
factor (GM-CSF) and 10 ng/mL human recombinant
IL-4 (R&D Systems, USA). Then the cells were har-
vested, pooled and counted before use.

Stimulation of DCs with antigens

Prepared immature DCs at a density of 1x10° cells/
mL were placed into a 6-well plate and pulsed for 24
h at 37°C, 5% CO, either with M. bovis BCG (ratio
1:1) or LPS (lipopolysaccharide, 1 pg/mL; Sigma) as
DC maturation inducer. Unpulsed DCs (in medium
alone) were used as the negative control.

DC preparation for flow cytometry

Antigen-pulsed or unpulsed DCs were collected from
the 6-well plate using PBS/2mM EDTA. After wash-
ing in PBS, the cells were incubated for 30 min at 4°C
with the following monoclonal antibodies (mAbs):
fluorescein isothiocyanate (FITC)-conjugated anti-
CD86, anti-CD40, anti-HLA-DR, anti-DC-SIGN,
Phycoerythrin (PE)-conjugated anti-CD80, or with
isotype-matched control mAb. All monoclonal anti-
bodies were purchased from Becton Dickinson. Af-
ter two washings with PBS and centrifugation (1700
rpm/min, 10 min), DCs were analyzed using a flow
cytofluorimeter FACS LSRII (Becton Dickinson). Data
were analyzed using FlowJo software.

Cytokine measurement

Supernatants of pulsed and unpulsed DC cultures
(1x10°/well) harvested after 24-h stimulation and
centrifugation (1600 rpm/min, 10 min.) were stored
at -20°C until tested. The levels of IL-10, IL-12p70,
IL-23 and TNF-a were quantified by ELISA Eli-pair

test (Diaclone). The test detection sensitivity was 5
pg/mL for IL-10, IL-12p70 and TNF-a and 20 pg/mL
for IL-23.

Statistical analysis

Statistical analyses were performed with STATISTI-
CA 8.0 PL program. Data are expressed as mean- or
median+SEM. Differences between samples were ana-
lyzed by Mann-Whitney U test (for impaired data). P
values of <0.05 were considered significant.

RESULTS

Characteristics of cells after alternative separation
methods

To assess the efficiency of positive and negative sepa-
ration techniques, both cell preparations obtained
from the same healthy donors were analyzed by flow
cytometry. First, the monocyte populations were stud-
ied. The number of monocytes obtained with the posi-
tive (7.2+2.0%) and negative (6.5+2.3%) separation
methods, with regard to the total number of PBMC,
was similar (no statistically significant differences). In-
terestingly, the efficacy of the two separation methods
was comparable (Fig. 1) and varied from 71%-80.5%,
indicating that both separation protocols deliver simi-
lar source material. However, as indicated in dot-plot
diagrams, a higher homogeneity of monocytes was
obtained using the negative separation method com-
pared to that obtained with the positive selection
technique, suggesting that the negative separation
technique might provide a monocyte population with
higher purity (Fig. 1).

Monocyte-derived DCs were further studied,
and on day 6 of culture, cell viability evaluated by
trypan blue staining was 98%. As indicated in Fig. 2,
with both methods, the MoDCs were generated with
similar efficacy and localized at similar positions
with regard to isotype control (graphs in blue) and
CD14-FITC labeled positive cells (graphs in black).
Both tested immunomagnetic methods caused no
marked differences in microscopic cell morphology.
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Fig. 1. Positive and negative selection techniques and their impact
on the efficiency of monocyte isolation. Graphs show dot-blots
of monocytes obtained by differential gradient centrifugation on
Ficoll-Paque Plus, followed by positive or negative immunomag-
netic separation of MACS System and analyzed by flow cytometry;
a - unstained monocytes; b — stained with fluorescently (FITC)
labeled isotype matched control mAbs; ¢ - stained with fluores-
cently (FITC) labeled specific anti-human CD14 mAbs.
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Fig. 2. Populations of monocyte-derived dendritic cells (MoDCs)
isolated using positive (a) and negative (b) monocyte immunomag-
netic separation methods. Cells were analyzed by flow cytometry.
The blue graph represents the isotype matched control, and the
black graph cells stained with FITC labeled anti-human CD14 mAb.
Populations were similarly numerous and localized at similar posi-
tions in cytometry graphs regardless of used separation methods.

Fig. 3. Morphology of unstimulated (A), BCG (B) or LPS (C) 24 h-
pulsed MoDCs obtained from human peripheral blood monocytes
isolated by positive (1) and negative (2) separation methods. The
cells were examined by inverted microscopy (x400).
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Fig. 4. Comparative FACS analysis of the cell surface phenotype
of monocyte-derived dendritic cells. Dendritic cells (DCs) dif-
ferentiated from blood monocytes in the presence of GM-CSF
and IL-4 and pulsed with M. bovis BCG and LPS, as described
in the Materials and Methods. Cell surface expression of MH-
CIL, CD86, CD80, CD40 and DC-SIGN was determined by flow
cytometry with specific (open histograms) or isotype-matched
(shaded histograms) antibody conjugated with FITC. Presented
data are representative for six experiments.
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Table 1. Median fluorescence intensity (MFI) for unstimulated DCs and BCG- or LPS-stimulated DCs obtained from monocytes by
positive and negative separation techniques (number of subjects, n=6).

Receptor Positive separation Negative separation

unstimulated DCs BCG LPS unstimulated DCs BCG LPS
CD86 327477 608+177 1230+288* 434+121 614+121 1675+229*
CD80 1073+123 1197478 3690+391* 1369+310 1300+271 32674727
HLA-DR 2008+580 23194423 28651277 19761244 1686+166 24814380
CD40 402+88 356+24 847+123% 479+131 381443 699+135
DC-SIGN 887197 827+45 882+141 796201 735+134 568+154

Data are expressed as MFI (Me+SEM) where Me — median, SEM - standard error of the mean; *statistically significant differences between LPS-pulsed
DCs compared with corresponding control (unpulsed DCs); Mann-Whitey U test, p<0.05.

In response to BCG and LPS stimulation, MoDCs de-
veloped the morphology characteristic of mature cells
(presence of dendrites) (Fig. 3). However, it is worth
pointing out that, especially after LPS treatment, in the
case of negative separation more elongated cells were
observed in comparison to positive separation, where
the cell morphology was more distinct disparate.

Evaluation of cell surface markers after
Ag stimulation

To explore whether the type of monocyte isolation
method affects the MoDC surface marker associ-
ated with T cell polarization, their expression was
investigated after stimulation with two different bac-
terial products, LPS and BCG. As shown in Fig. 4,
representative histograms indicate that similar sur-
face marker modifications were observed in the DC
populations prepared by both methods.

Further statistical analyses performed on all results
revealed no significant differences in the expression of
costimulatory molecules on unstimulated DCs or LPS-
stimulated DCs, regardless of the MACS separation
method used. Within the group of MoDCs obtained
by the positive separation method we observed a sig-
nificant increase in CD86 (p=0.027), CD80 (p=0.009)
and CD40 (p=0.04) expression after LPS stimulation
compared with unstimulated MoDCs (Table 1). In con-
trast, in LPS-stimulated MoDCs isolated by the negative
separation method, a significant enhancement was only
observed for the CD86 marker (p=0.006), whereas a
true tendency to increase the other surface parameters
was noticed. In the presence of BCG antigen, in the ma-

jority of cases an increase in CD86 marker was detected.
However, between BCG-treated or untreated dendritic
cells derived from negative or positive monocyte selec-
tion there were no statistically significant differences
in the expression of all investigated DC surface mark-
ers. Indeed, BCG bacilli did not induce any significant
changes in the expression of DC-SIGN compared to
unstimulated cells. Taken together, these results suggest
that the positive or negative magnetic separation meth-
ods generally did not affect the expression of surface
markers involved in the immune synapse.

Evaluation of cytokine production after
BCG stimulation

The release of TNF-a, IL-10, IL-12 and IL-23 by
MoDCs in culture supernatants was evaluated to es-
tablish the impact of MACS separation technique on
cytokine production (Fig. 5). There were no signifi-
cant differences in TNF-a production by BCG-pulsed
MoDCs compared to unpulsed cells, but LPS induced
significant TNF-a release, whatever the source of DC
populations. Concerning IL-10 production, unpulsed
MoDCs, derived from monocytes obtained by positive
but not negative selection, released IL-10, however
at a low level. In the presence of BCG, negatively-
derived MoDCs secreted a higher amount of IL-10
(47%22 pg/mL) than positively generated MoDCs
(30+11 pg/mL), but much less than the same DC
populations stimulated with LPS (289141744 pg/mL
vs. 66451755 pg/mL, respectively).

Interestingly, in the presence of BCG, both MoDC
preparations failed to produce IL-12 p70. Indeed, only
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Fig. 5. Effects of the monocyte isolation method (positive and
negative magnetic bead separation) on IL-10, IL-12, IL-23 and
TNF-a production. Dendritic cells generated from monocytes
isolated by either positive or negative magnetic separation were
stimulated with M. bovis BCG and LPS for 24 h or remained
unstimulated. The amount of released IL-10, IL-12, IL-23 and
TNF-a was quantified in culture supernatants by ELISA test. Grey
column represents positive separation and black column negative
separation. Data are expressed as mean+SEM from 6 independent
experiments. Significant differences were present between LPS-
pulsed DCs compared with corresponding controls (nonpulsed
DCs), Mann-Whitney U test. *p<0.05, **p<0.05.

LPS-activated MoDCs, generated from monocytes iso-
lated with positive and negative purification methods,
secreted IL-12 at measureable and comparable levels.
These results underlined the variable reactivity of DCs
to BCG compared to LPS. As IL-12 consists of p35 and
p40 subunits, and the p40 subunit is shared with IL-23,
we determined the amount of secreted IL-23 in the su-
pernatants of BCG-stimulated DC cultures. After BCG
treatment, no statistically significant difference in IL-
23 production, compared to unpulsed DCs generated
from monocytes obtained by the positive and nega-
tive methods, was observed. The mean value of IL-23
production by BCG-stimulated MoDCs was 431+78

pg/mL and 465+137 pg/mL for positive and negative
separation, respectively. In contrast, LPS-stimulated
MoDCs produced significantly more IL-23 (2750+231
pg/mL and 2510+201 pg/mL for positive and negative
separation, respectively) compared to unpulsed DCs
(280+76 pg/mL and 210+63 pg/mL, analogously).

DISCUSSION

It is known that in vitro cell reactivity might be differ-
ent according to the method used to prepare cell pop-
ulations. Concerning dendritic cells, it was reported
that CD14" cells can be isolated either by a positive
or negative magnetic sorting method, with better re-
sults than by plastic adherence [18]. Moreover, it has
been demonstrated that positively MACS-separated
monocytes presented a better viability and purity of
the cells in comparison to the adherence method [19].
Different manufacturers have proposed original and
valuable separation systems. In the present study we
used two immunomagnetic separation methods to
evaluate the reactivity of DCs to BCG compared to
LPS. Our experiments demonstrated that both tech-
niques provided monocytes with high efficiency and
these monocytes similarly differentiated into dendritic
cells exhibiting similar characteristics.

The expression of costimulatory molecules can be
used to evaluate the stage of differentiation and the
degree of maturation of DCs during an in vitro cul-
ture. We investigated the expression of some costimu-
latory molecules following stimulation with two bacte-
rial antigens at the surface of MoDCs obtained by two
different immunomagnetic separation methods. CD80
and CD86 are present in the cellular membrane of
monocytes/macrophages, dendritic cells, thymocytes
and T and B cells, and participate in T cell activation
by binding with costimulatory the molecules CD80-
CD28 and CD86-CD28 [20]. Another costimulatory
molecule, CD40 is a membrane glycoprotein that
coparticipates in the induction of DC maturation
by ligation with CD40L. CD40 together with CD80,
CD86 and HLA-DR belong to the immune synapse
and participate in signal transduction between antigen
presenting cells and T lymphocytes [21,22].
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The positive selection of monocytes and the nega-
tive isolation technique, have been well described [23-
26]. In our study, a comparison of the two methods
applied on the same blood samples did not show any
statistical differences in the expression of costimulato-
ry molecules CD86, CD80, HLA-DR, CD40 and sur-
face DC-SIGN receptor. This is in agreement with the
study by Reuter et al. [23], in which both procedures
of monocyte isolation had a similar effect concerning
CD86 expression. Moreover, Elkord et al. [27] showed
that the expression of CD80, CD86 and CD83 mol-
ecules was the same, regardless of the method used
to isolate CD14" cells (positive magnetic separation
technique and plastic adherence method). The results
of our study, in which we investigated the expression
of CD86, CD80, HLA-DR and CD40 on the surface
of unstimulated MoDCs, are in agreement with the
study conducted by Gregori et al. [28], who reported
the substantial expression of CD86 and CD80 on hu-
man immature MoDCs. Thus, by taking into account
the expression level of these costimulatory molecules,
BCG-activated DCs might be considered as less ma-
ture than LPS-stimulated DCs.

Concerning the DC-SIGN expression, it must
be underlined that LPS-activated DCs have less DC-
SIGN receptors than BCG-activated DCs. DC-SIGN
belongs to the lectin receptors type C and recognizes
numerous bacterial- and viral- antigens. Among the
components of mycobacteria recognized by DC-SIGN
are lipoarabinomannan (LAM), arabinomannan (AM)
and antigen 19 kDa [8]. Moreover, as we could see
no differences in DC-SIGN expression by MoDCs
isolated from monocytes by two different magnetic
cell separation systems, we concluded that the type
of isolation method does not have an impact on the
ability of MoDC:s for antigen uptake (M. bovis BCG).

During the maturation process, MoDCs secrete
cytokines, which can play an important role in T cell
polarization. According to our data, both immu-
nomagnetic methods of monocyte isolation gener-
ated MoDCs capable of producing cytokines (TNF-a
and IL-10) at detectable levels. It was noticed that
positively, but not negatively, obtained unstimulated
MoDCs produced IL-10. This production could be the

effect of cell activation resulting from the tendency
toward cell clustering or antibody attachment to the
surface of monocytes isolated by positive selection.
However, BCG induced a higher production of IL-
10 than unstimulated cells, indicating than despite
a limited number of surface marker modifications,
BCG tends to activate both DC populations to some
extent, but less than LPS.

Finally, one important new finding from the cur-
rent study is the observed lack of IL-12 production by
BCG-stimulated MoDCs in contrast to LPS, which is
considered as the best inducer of IL-12. The absence of
IL-12p70 production by BCG-pulsed MoDCs suggests
that additional stimuli are required to initiate IL-12
production. Indeed, the IL-12 synthesis pathway is a
well-controlled mechanism. It is known that stimulated
dendritic cells have a relatively short time in which to
produce IL-12 [29]. Moreover, it was reported that IL-
10 could reduce IL-12 production [30]. In contrast to
IL-12, we observed the production of IL-23 by BCG-
pulsed DCs. Interleukin 23 is a heterodimeric cytokine
composed of the p40 and p19 subunits. It has been
shown that M. bovis preferentially induced IL-23 to
IL-12 by murine bone marrow-derived DCs [31].

To summarize, this study demonstrates that both
positive and negative immunomagnetic selection can
be used to isolate CD14" cells with high efficiency. The
MoDCs generated in both conditions exhibit similar
behavior in the presence of two different bacterial
stimuli. Interestingly, the lack of IL-12 production by
BCG-stimulated MoDCs was not related to the meth-
od used to generate DCs. Further studies are required
to establish the specific mechanisms that control the
IL-12 synthesis within the BCG stimulation and to
evaluate the influence on T cell response.
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