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The interaction between immune complexes (IC) and the receptors for the Fc portion of IgG (Fc�Rs) triggers regulatory and
effector functions in the immune system. In this study, we investigated the effects of IC on differentiation, maturation, and
functions of human monocyte-derived dendritic cells (DC). When IC were added on day 0, DC generated on day 6 (IC-DC)
showed lower levels of CD1a and increased expression of CD14, MHC class II, and the macrophage marker CD68, as
compared with normally differentiated DC. The use of specific blocking Fc�R mAbs indicated that the effect of IC was
exerted mainly through their interaction with Fc�RI and to a lesser extend with Fc�RII. Immature IC-DC also expressed
higher levels of CD83, CD86, and CD40 and the expression of these maturation markers was not further regulated by LPS.
The apparent lack of maturation following TLR stimulation was associated with a decreased production of IL-12, normal
secretion of IL-10 and CCL22, and increased production of CXCL8 and CCL2. IC-DC displayed low endocytic activity and
a reduced ability to induce allogeneic T cell proliferation both at basal and LPS-stimulated conditions. Altogether, these data
reveal that IC strongly affect DC differentiation and maturation. Skewing of DC function from Ag presentation to a proin-
flammatory phenotype by IC resembles the state of activation observed in DC obtained from patients with chronic inflam-
matory autoimmune disorders, such as systemic lupus erythematosus disease and arthritis. Therefore, the altered maturation
of DC induced by IC may be involved in the pathogenesis of autoimmune diseases. The Journal of Immunology, 2007, 179:
673– 681.

T he formation of immune complexes (IC)3 occurs as the
physiological consequence of the encounter of Abs with
their cognate foreign Ags or as the result of autoimmune

disorders (1, 2). IC interact with receptors for the Fc portion of Igs
(FcRs) which are expressed by many cells of the immune system
(3). Ligation of FcRs, specific for IgG, termed Fc�Rs, on myeloid
cells induces cell activation including phagocytosis of opsonized
pathogens, Ab-dependent cell-mediated cytotoxicity, release of
proinflammatory mediators and reactive oxygen intermediates, and
production of several cytokines and chemokines (4–7).

Fc�Rs are important effector molecules of humoral immunity
and are implicated in the pathogenesis of inflammatory diseases
characterized by the accumulation of IC, such as rheumatoid ar-
thritis, vasculitis, and systemic lupus erythematosus (SLE) (8, 9).
In humans, three different classes of Fc�Rs have been described:
Fc�RI (CD64), Fc�RII (CD32), and Fc�RIII (CD16) that differ in
cell distribution, function, and affinity for IgG isotypes (3, 10, 11).
Fc�RI is a high-affinity receptor for IgG exclusively expressed on
myeloid cells such as monocytes, macrophages, and granulocytes
(upon IFN-� activation). Fc�RII is the most widely expressed
Fc�R being present on virtually all hemopoietic cells. This recep-
tor exists as two major isoforms, Fc�RIIA and -B, which exert
divergent functions. Fc�RIIA contains an ITAM in its cytoplas-
matic tail which mediates positive signaling (12). Activation of
Fc�RIIA results in IC internalization as well as in initiation of the
immune response. By contrast, Fc�RIIB presents a cytoplasmatic
ITIM which mediates inhibitory functions (12–14). Fc�RIII is ex-
pressed either as an intrinsic (Fc�RIIIA) or glycosphingolipid-
linked protein (Fc�RIIIB). Although Fc�RI is able to bind mono-
meric IgG; Fc�RII and Fc�RIII bind mostly IgG forming IC. The
balanced signaling through activating and inhibitory Fc�Rs regu-
lates the activity of various immune effector cells, thus determin-
ing the magnitude of the response in IC-driven inflammation and
autoimmune diseases. In fact, in noninflamed tissues, the ratio of
activating to inhibitory Fc�Rs is low, whereas it becomes in-
creased under inflammatory conditions (15).

Dendritic cells (DC) are highly specialized APCs that play a
crucial role in the regulation of innate responses and in the initi-
ation of adaptive immunity (16–18). Bone marrow DC progenitors
enter the blood stream and home to nonlymphoid tissues where
they reside as immature cells exerting a sentinel function for in-
comings Ags (16–18). Immature DC actively capture and process
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Ags and in response to direct stimulation by specific pathogens or
inflammatory cytokines they undergo a terminal process of matu-
ration that promotes their migration to T cell-dependent areas of
secondary lymphoid organs where they present processed Ags to
resting T cells (18–22).

Monocytes represent important DC precursor cells both in vitro
and in vivo (23). Culture of monocytes with GM-CSF and IL-4
(24, 25) or IL-13 (26) have been very useful for the in vitro gen-
eration of large quantities of DC, providing a model to investigate
the effect of self or environmental agents on the differentiation
pathway.

The aim of this study was to investigate the effects of IC during
monocyte differentiation and maturation to DC. The results re-
ported herein show that the presence of IC during the differentia-
tion process gives rise to a subset of DC with an altered phenotype
profile and impaired APC functions.

Several aspects of mono-derived DC generated in vitro in the
presence of IC resemble those reported in DC obtained from pa-
tients with chronic inflammatory autoimmune disorders character-
ized by the presence of large amounts of circulating IC. Therefore,
the data presented in this study may help to better understand the
consequences of Fc�Rs activation during DC differentiation in au-
toimmune pathologies.

Materials and Methods
Cell culture media and reagents

The following solutions and reagents were used: pyrogen-free saline (Riv-
ero), RPMI 1640, and aseptically collected heat-inactivated FCS (Invitro-
gen Life Technologies). LPS from Escherichia coli strain 055:B5 (LPS)
and OVA were obtained from Sigma-Aldrich. Human recombinant GM-
CSF was obtained from Novartis. Purified recombinant human IL-4 was
from PeproTech.

IC and heat-aggregated IgG (aggIgG)

IC were prepared using anti-OVA rabbit IgG, isolated from heat-inacti-
vated serum by affinity chromatography as previously described (27).
Briefly, precipitating rabbit anti-OVA IgG IC were prepared at 3-fold Ag
excess, based on equivalence points determined by quantitative precipita-
tion curves. Ag and Abs were incubated at 37°C for 30 min and subse-
quently at 4°C for 1 h. IC were then centrifuged at 10,000 � g for 5 min,
the supernatant was discarded and the precipitated IC were suspended in
saline at 1 mg of Ab/ml. The soluble human aggIgG was prepared by
heating purified human IgG (Sigma-Aldrich) at a concentration of 5 mg/ml
at 63°C for 12 min. Then, aggIgG was centrifuged at 10,000 � g for 5 min
and the precipitate was then discarded. The supernatant containing soluble
aggIgG was diluted with saline to the concentration of 1 mg/ml. Both
IC and aggIgG preparations contained �0.125 endotoxin units/ml eval-
uated by the Limulus amebocyte assay (Microbiological Associates).

Monocyte-derived DC (mono-DC) preparation

DC were generated as previously described (28, 29). Briefly, highly en-
riched blood monocytes (�95% CD14�) were obtained from buffy coats
(through the courtesy of Hemocentro, Buenos Aires, Argentina) by Ficoll-
Hypaque (Ficoll, Pharmacia; Hypaque, Winthrop Products) and Percoll
(Amersham Pharmacia Biotech) gradient centrifugation. Monocytes were
cultured for 6 days at 1 � 106/ml in 6-well tissue culture plates (Falcon;
BD Biosciences) in RPMI 1640 supplemented with 10% FCS, 50 ng/ml
GM-CSF, and 20 ng/ml IL-4 in the absence or presence of 150 �g/ml IC
added at the beginning of the culture or as otherwise specified. Where
indicated, DC were extensively washed and further cultured in the presence
of 200 ng/ml LPS for 24 h.

In some experiments, DC were generated from monocytes obtained
from SLE patients. A total of 20–30 ml of heparinized whole blood from
10 patients was collected after the informed consent of the donors and with
the approval of the local ethics committee. Purified monocytes were dif-
ferentiated into DC as described above. All patients were under treatment
with nonsteroidal immunosuppressive drugs and fulfilled the American
College of Rheumatology criteria for SLE (30).

To block individual Fc�Rs, purified monocytes (1 � 106/ml) were in-
cubated at 4°C for 45 min with 1 �g/ml F(ab�)2 anti-Fc�RI (clone 10.1),
F(ab�)2 anti-Fc�RII (clone 7.3), or F(ab�)2 anti-Fc�RIII (clone 3G8) (An-

cell). For cross-linking experiments, cells were then incubated with 500
ng/ml F(ab�)2 goat-anti-mouse IgG (Jackson ImmunoResearch Laborato-
ries) at 4°C for 45 min. Afterward, monocytes were washed and incubated
for 6 days with GM-CSF and IL-4 in the absence or presence of IC.

Flow cytometric analysis

Cells were washed with PBS supplemented with 1% FCS and incubated
with saturating concentrations of the following mAbs followed by FITC-
conjugated F(ab�)2 goat anti-mouse IgG (Fc-specific) (Sigma-Aldrich):
anti-CD1a (IgG2a, NA1/34), anti-MHC class II (MHCII; IgG2a, L243),
anti-CD16 (IgG1, 3G8), anti-CD32 (IgG2b, IV.3) (American Type
Culture Collection), PAM-1 (IgG1, anti-mannose receptor). FITC- and
PE-conjugated mAbs used were: FITC-anti-CD83 (IgG1�, HB1/5e),
PE-anti-CD86 (IgG1�, B70/B72), PE-anti-CD11c (BD Pharmingen); PE-anti-
CD14 (IgG2a�, RM052), FITC-anti-CD64 (clone 22, IgG1), PE-anti-
CD40 (IgG1, MAB89) (Immunotech). Staining with FITC-anti-CD68
(KP1; DakoCytomation) was done in previously permeabilized cells
(Cytofix/CytoPerm kit; BD Pharmingen). Isotype-matched mAbs were
used as controls. Cells were analyzed with a FACScan flow cytometer
(BD Immunocytometry Systems) using CellQuest software.

Endocytosis assays

Mannose receptor-mediated endocytosis was measured as the cellular up-
take of FITC-dextran (Sigma-Aldrich) and quantified by flow cytometry.
Briefly, DC (2 � 105 cells/sample) were incubated in medium containing
FITC-dextran (1 mg/ml; m.w. 40,000) for different time points. Afterward,
cells were washed twice in cold PBS, fixed in 1% paraformaldehyde, and
analyzed by flow cytometry.

Mixed leukocyte reaction

Irradiated immature or LPS-stimulated DC were added in graded doses to
2 � 105 purified allogeneic T cells in 96-well round-bottom microtest
plates. Each group was performed in triplicate. [3H]Thymidine incorpora-
tion was measured on day 5 after a 16-h pulse (5 Ci/�m; Amersham
Biosciences).

Measurement of cytokines and chemokines

Supernatants from DC cultures were stored at �80°C until they were tested
for the presence of cytokines and chemokines. Specific ELISA were used
to quantify the production of IL-12p75 (PeproTech), IL-10, CXCL8 (BD
Pharmingen), CCL3 (PeproTech), CCL22 (R&D Systems). CCL2 was
measured as described elsewhere (28).

Immunocytochemistry

Cytosmears were rinsed in water and counterstained with hematoxylin. For
immunochemistry, slides were incubated for 30 min with primary mAbs to
CD1a and CD68 (DakoCytomation) followed by biotinylated secondary
Abs and then streptavidin-HRP (DakoCytomation). The slides were finally
incubated in 0.03% H2O2 and 0.06% 3,3�diaminobenzidine (DakoCytomation)
for 3–5 min.

Statistical analysis

Statistical significance was determined using the paired Student t
test ( p � 0.05).

Results
IC inhibit DC differentiation

To determine the effect of IC on DC differentiation, peripheral
blood monocytes (1 � 106/ml) were cultured in medium contain-
ing the appropriate differentiation cytokines (IL-4 and GM-CSF) in
the absence or presence of an optimal concentration of IC (150
�g/ml) added at the beginning of the culture. On day 6, nonad-
herent cells were harvested and phenotype characterization was
conducted by flow cytometric analysis. The presence of IC de-
creased total cell recovery (41.7 � 9.3 and 61.0 � 7.0% of input
cells, for cells cultured with or without IC, respectively; mean �
SD; n � 20, p � 0.001). As shown in Fig. 1A, cells differentiated
in the absence of IC (DC) presented the typical phenotype profile
of mono-DC defined by high CD1a and MHCII expression and
low levels of CD14. On the contrary, cells cultured in the presence
of IC (IC-DC) expressed significantly lower levels of CD1a and an

674 IC INHIBIT DC DIFFERENTIATION AND FUNCTIONS



increased expression of CD14, CD68, and MHCII. No differences
in CD11c expression were observed between DC and IC-DC. Sim-
ilar results were observed when human aggIgG (100 �g/ml) were
used instead of IC (data not shown). For instance, CD1a and CD14
expression was 16.5 � 7.6% and 53.4 � 9.2%, and 21.3 � 6.0%
and 62.4 � 8.4% (mean � SD; n � 10) for IC and aggIgG, re-
spectively. Controls performed using rabbit IgG or OVA alone had
no effect on DC differentiation (data not shown). Cytosmear im-
munostaining of DC and IC-DC confirmed the differential expres-
sion of CD1a and CD68 in DC cultured under the two different
conditions and revealed differences in their morphology (Fig. 1B).
Although conventional differentiated DC presented abundant cy-
toplasmatic protrusions and membrane ruffling, cells differentiated
in the presence of IC appeared as large rounded cells with abun-
dant vacuoles, eccentrical nucleus location, and few cytoplasmatic
protrusions.

The effect of IC is dose and time dependent

In previous experiments, different concentrations of IC (range: 15–
200 �g/ml) were tested for their ability to affect DC differentiation.

It was observed that the IC effect was dose dependent: at 15, 50,
100, 150, and 200 �g/ml; CD1a expression was inhibited by 2 �
0.5%, 42 � 3.5%, 73 � 8.2%, 85 � 5.2%, and 83 � 6.8%, re-
spectively (mean � SD; n � 3). In accordance with these results,

FIGURE 1. Phenotype analysis of DC differentiated in the absence
(DC) or presence of IC (IC-DC). DC were differentiated by culturing
monocytes with GM-CSF plus IL-4 alone or in the presence of IC, added
at the beginning of the culture (day 0). Phenotype analysis of harvested
cells was done on day 6. A, Phenotype profile of DC and IC-DC, obtained
by flow cytometric analysis, of 1 representative experiment of 20 per-
formed with similar results. Filled histograms correspond to isotype control
Abs. B, Cytosmears immunostaining show CD1a expression on DC (A) but
not on IC-DC (C). CD68 is weak or absent on DC (B) but strongly ex-
pressed in the cytoplasm of IC-DC (D). Morphological differences between
DC and IC-DC reveal that IC-DC exhibit abundant cytoplasm with eccen-
trical nucleus location and less cytoplasmatic protrusions and membrane
ruffling than DC. A and B, �100; C and D, �400.

FIGURE 2. Kinetics of CD1a and CD14 expression during the differ-
entiation of DC and IC-DC. DC differentiation was conducted in the ab-
sence (DC) or presence of IC (IC-DC) added at the beginning of the cul-
ture. CD1a and CD14 expression were analyzed by flow cytometry at
different time points. Results are shown as mean values (�SD) of the
percentage of positive cells obtained from three independent experiments.

FIGURE 3. Influence of the timing of IC addition during DC differen-
tiation. A, Monocytes were differentiated into DC in the absence (control)
or presence of IC added at different times of the culture. On day 6, the
expression of CD1a and CD14 was determined by flow cytometric analy-
sis. B, Fc�Rs expression was determined at different time points during the
differentiation of DC. Results are shown as mean values (�SD) of the
percentage of positive cells obtained in three independent experiments.
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the concentration of 150 �g/ml IC was chosen and used through-
out the study.

As shown previously (Fig. 1), the addition of IC at the beginning
of the culture (day 0) inhibited the expression of CD1a and in-
creased CD14 levels. Therefore, it was interesting to investigate
the kinetics of expression of these two markers during the whole
differentiation time. In normal differentiated DC, the up-regulation
of CD1a expression (from day 2 of culture) was accompanied by
a progressive down-regulation of CD14 levels (Fig. 2). On the
contrary, during the differentiation of IC-DC the basal expression
of CD1a decreased throughout the days of culture and was only
partially restored to the initial levels at the end of the 6-day culture.
Although CD14 expression was also down-regulated, levels re-
mained significantly higher compared with those obtained for
DC (Fig. 2).

Next, the influence of the time of IC addition to the cultures
was investigated. IC were added at different time points during
monocyte differentiation and their effect was evaluated by an-
alyzing the expression of CD1a and CD14 at the end of the
6-day culture. As shown in Fig. 3A, DC differentiated in the
absence of IC (control) showed, as expected, high CD1a ex-
pression and low levels of CD14. As previously demonstrated
(Fig. 1), addition of IC on day 0, resulted in the differentiation
of CD1alowCD14high cells. When IC were added on day 2, the
percentage of CD1a� and CD14� cells harvested on day 6 was
24 and 33%, respectively. Increased numbers of CD1a� cells
(	60%) with low CD14 expression (	24%) were obtained
when IC were added to the culture at latter time points (day 4).
No significant differences were observed when IC were added
on day 5.

IC interact with specific Fc�Rs (31), human monocytes express
three types of Fc�Rs while mono-DC express mainly Fc�RII
and Fc�RIII (3, 32). To gain insight into IC action, it was im-
portant to investigate whether Fc�R expression was modulated
during monocyte differentiation to DC. For this purpose, mono-
cytes were cultured for 6 days in the presence of IL-4 and GM-
CSF and the expression of Fc�RI (CD64), Fc�RII (CD32), and

Fc�RIII (CD16) was evaluated at different times of the culture.
Fig. 3B shows that the expression of the three types of Fc�Rs
was high at day 0 and decreased after 2– 4 days of culture. A
complete down-regulation of Fc�RI and Fc�RIII was present at
days 2 and 4. On day 6, the expression of Fc�RII, and partially,
of Fc�R III was restored, whereas no expression of Fc�RI was
detectable.

Altogether, these results suggest that IC effect depends mainly
on specific interaction with the Fc�Rs expressed on monocytes as
their action was mostly observed when added at the beginning of
the culture.

IC action is mostly mediated by Fc�RI and Fc�RII

Two different experiments were used to examine throughout which
Fc�R, IC could alter DC differentiation. In the first series of stud-
ies, purified monocytes (1 � 106/ml) were incubated at 4°C for 45
min with mAbs against individual Fc�Rs and then cross-linked by
the addition of F(ab�)2 goat anti-mouse IgG for 45 min at 4°C.
Afterward, monocytes were washed to remove unbound mAbs and
incubated in the presence of GM-CSF and IL-4 to allow DC dif-
ferentiation. As shown in Fig. 4A, the single ligation of individual
Fc�R (or the simultaneous ligation of diverse combinations of
them, data not shown) did not alter DC differentiation. Instead,
cross-linking of Fc�RI significantly inhibited DC differentiation,
evaluated as CD1a expression. Cross-linking of Fc�RII also al-
tered DC differentiation, although with a lower potency. In con-
trast, no alteration of DC differentiation was obtained by Fc�RIII
cross-linking. No synergistic interaction was observed when both
Fc�RI and Fc�RII were simultaneously cross-linked (data not
shown).

In a second set of experiments, monocytes were incubated at
4°C for 45 min with each blocking Fc�Rs mAb and then cul-
tured for 6 days with GM-CSF and IL-4 in the presence of IC.
Results presented in Fig. 4B show that the inhibitory effect of
IC was significantly prevented through the block of Fc�RI or
Fc�RII while Fc�RIII blocking was irrelevant. Altogether,

FIGURE 4. IC action is mediated through the inter-
action with Fc�RI and Fc�RII. A, Fc�R cross-linking:
monocytes (1 � 106/ml) were incubated at 4°C for 45
min with 1 �g/ml of the indicated murine F(ab�)2 anti-
human Fc�R followed by incubation with 500 ng/ml
F(ab�)2 goat-anti-mouse IgG and then cultured in me-
dium with GM-CSF plus IL-4. B, Fc�R blocking:
Monocytes were incubated with the indicated murine
F(ab�)2 anti-human Fc�R and then cultured in medium
containing GM-CSF plus IL-4 in the presence of IC. Re-
sults are shown as mean values (�SD) of the percentage
of CD1a� DC obtained after 6 days of culture in three
independent experiments.

Table I. LPS-induced maturation of DC and IC-DCa

CD83 CD86 CD40

% MFI % MFI % MFI

DC 36.6 � 14.6 14 � 3.2 87 � 3.0 156.2 � 49.0 99.5 � 2.0 366.0 � 91
DC plus LPS 80.4 � 8.0* 30 � 5.7 93 � 2.5 505.3 � 102** 99.7 � 1.6 666.7 � 81**
IC-DC 61.3 � 18.0* 18 � 2.4 91 � 2.7 347.5 � 56.8*** 91.5 � 3.8 561.0 � 86***
IC-DC plus LPS 77.3 � 12.2 22 � 3.1 94 � 3.3 477.8 � 39.2 99.1 � 2.7 683.2 � 80

a Phenotype analysis of DC and IC-DC incubated in the absence or presence of LPS (200 ng/ml) for 24 h. Results are expressed as the mean values
(�SD) of the percentage of positive cells (%) and the mean fluorescence intensity (MFI) of 7–12 independent experiments. Values of p vs DC: �, p �
0.001; ��, p � 0.02; and ���, p � 0.01.
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these data demonstrated that IC specifically interact with Fc�RI
and to a lesser extend with Fc�RII to inhibit DC differentiation.

IC-DC have a defect of maturation

To evaluate the capacity of IC-DC to undergo maturation, both
DC and IC-DC were stimulated with LPS. After 24 h, the ex-
pression of costimulatory molecules, such as CD83, CD86, and
CD40, was determined as a measurement of DC maturation.
Results presented in Table I indicate that, as expected, conven-
tional immature DC expressed low levels of CD83, CD86, and
CD40 which were up-regulated following LPS stimulation. On
the contrary, the generation of DC in the presence of IC leads
to the differentiation of cells with higher levels of the matura-
tion markers, even in their immature state, which did not further
increase after LPS stimulation.

Maturation of DC is associated with IL-12 secretion (16, 17,
28). Supernatants of immature and LPS-stimulated DC and
IC-DC were assayed for IL-12 production. As expected, matu-
ration of DC resulted in the secretion of IL-12 whereas LPS-
stimulated IC-DC produced significantly lower levels (60.1 �
5.2% inhibition, n � 8) of this cytokine (Fig. 5). Although,
unstimulated IC-DC expressed high levels of maturation mark-
ers, they did not produce detectable levels of IL-12. Suppres-
sion of IL-12 is frequently associated with the production of
IL-10 (33–35). However, as shown in Fig. 5, IL-10 production
by IC-DC did not differ significantly from that obtained
with DC.

To further investigate whether alterations in the phenotype of
IC-DC correlated with biological altered APC functions, both
Ag capture ability and the capacity of IC-DC to induce T cell
proliferation were evaluated. Immature DC display potent en-
docytic activity, which decreases upon maturation (16). To
study the endocytic capacity of IC-DC, FITC-dextran uptake, a

marker of mannose receptor-mediated endocytosis, was exam-
ined. As shown in Fig. 6A, the kinetic of FITC-dextran uptake
by IC-DC was lower at all time points tested compared with
normal differentiated DC. In agreement with these results, sur-
face expression of MR was also found defective in IC-DC with
respect to DC (Fig. 6B).

Finally, the ability of IC-DC to induce allogeneic T cell pro-
liferation was evaluated by MLR assays. Immature IC-DC
showed reduced capacity to induce T cell proliferation, which
was comparable to that exerted by immature DC, although at a
high APC:T cell ratio (3%), this ability was strongly increased
(Fig. 7). However, LPS-stimulated IC-DC, with respect to LPS-
DC, showed a reduced ability in their capacity to stimulate T

FIGURE 5. IL-12 and IL-10 production by DC and IC-DC. DC were
generated in the absence (DC) or presence (IC-DC) of IC added at the
beginning of the culture (day 0). On day 6, harvested cells were exten-
sively washed and incubated alone (�) or with LPS (200 ng/ml) for
additional 24 h. Supernatants were evaluated for the presence of IL-12
or IL-10 by ELISA. Results are shown as mean values (�SD) of five to
eight independent experiments. Values of p indicated inside the bars
reflect differences between DC and IC-DC under similar culture
conditions.

FIGURE 6. Endocytic activity of IC-DC. DC were generated in the
absence (DC) or presence (IC-DC) of IC added at the beginning of the
6-day culture. A, Endocytosis was evaluated as FITC-dextran uptake at
the indicated time points. Results are shown as mean values (�SD) of
three independent experiments. B, Mannose receptor expression of DC
and IC-DC. One representative profile of six performed with similar
results is shown.

FIGURE 7. Effect of DC and IC-DC in MLRs. Different concentrations
of irradiated immature (iDC; iIC-DC) and LPS-stimulated DC (mDC;
mIC-DC) were cocultured with 2 � 105 purified allogeneic T lymphocytes.
Proliferation was assayed as uptake of [3H]thymidine added on the last 16 h
of the 5-day culture assay. Results (triplicates � SE) of one representative
experiment are shown.
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cell proliferation that was evident at all the APC:T cell ratio
tested.

IC-DC and DC express a different profile of chemokine
production

DC produce high levels of several chemokines which are in-
volved in the recruitment of precursor cells and immature DC to
the peripheral sites of inflammation (18, 36 –38) and within the
lymph nodes, where they play a role in T and B cell localization
and in the DC-T cell interaction (18, 37, 39). Fig. 8 shows that
IC-DC presented an altered pattern of chemokine secretion. The
levels of CXCL8 and CCL2 produced by immature IC-DC were
higher than those secreted by DC and were further increased
upon stimulation with LPS. Instead, CCL3 production was sim-
ilar in both immature DC and IC-DC, but the secretion of this
chemokine was only partially induced by LPS in IC-DC. No
significant differences in CCL22 production between DC and
IC-DC were observed.

Differentiated DC are refractory to the action of IC

Finally, it was interesting to analyze whether IC could act as mat-
uration factors on differentiated DC. Results shown in Table II,
indicate that neither IC nor aggIgG were able to induce DC mat-

uration. Moreover, the simultaneous stimulation of DC with LPS
plus IC did not modify the ability of LPS in inducing the expres-
sion of maturation markers or IL-12 secretion (data not shown). No
detectable levels of IL-10 were observed upon DC stimulation
with IC or aggIgG (data not shown).

DC differentiation of monocytes from SLE patients

SLE is an IC-mediated disease involving inflammation in multiple
organs. Monocytes obtained from 10 SLE patients were tested for
their ability to differentiate into DC in vitro (Table III). On day 6,
DC from SLE patients presented the typical DC cytoplasmatic
morphology, however, cell recovery was lower (25.7 � 3.2% of
input cells, mean � SD; n � 10) compared with healthy donors
(61.0 � 7%; n � 20). Table III shows the phenotypic profile of
SLE-DC. All the patients evaluated presented low levels of CD1a.
Expression of CD14 and CD68 was higher in the majority of the
patients tested compared with healthy donors, while MHCII ex-
pression was similar. Furthermore, the differentiation of SLE-DC
in the presence of IC resulted in the production of cells expressing
minimal or no levels of CD1a (data not shown).

Stimulation of SLE-DC with LPS for 24 h did not up-regulate
the expression of CD83 (SLE-immature DC � 28.3 � 3.2; SLE-
mature DC � 31.6 � 2.2%, mean � SD; n � 8). This impairment

FIGURE 8. Chemokine production by
IC-DC. DC and IC-DC were cultured in the
absence or presence of 200 ng/ml LPS for
24 h. Supernatants were tested for chemo-
kine production by using specific ELISA.
Results are shown as mean values (�SD) of
6–12 independent experiments. Values of p
indicated inside the bars reflect differences
between DC and IC-DC under similar cul-
ture conditions.

Table II. Induction of DC maturation through Fc�R ligationa

CD83 CD86 CD40

% MFI % MFI % MFI

DC 23.4 � 10.7 10 � 3.1 86 � 4.7 155.8 � 48.6 99.2 � 3.8 341.2 � 54.4
DC plus LPS 84.0 � 7.9* 26 � 4.1 94 � 3.4 505.3 � 102** 99.1 � 3.4 629.4 � 76.4**
DC plus IC 27.9 � 16.4 10 � 2.7 88 � 5.8 257.5 � 60.1 97.2 � 5.5 448.6 � 65.9
DC plus aaIgG 31.8 � 12.5 12 � 3.6 nd nd

a DC and IC-DC were incubated with LPS (200 ng/ml), IC (150 �g/ml), or aaIgG (200 �g/ml) for 24 h. Results are expressed as the mean values
(�SD) of the percentage of positive cells (%) and the mean fluorescence intensity (MFI) of 7–12 independent experiments. Values of p vs DC: �, p �
0.001; ��, p � 0.02; and ���, p � 0.01; nd, not done.

678 IC INHIBIT DC DIFFERENTIATION AND FUNCTIONS



in maturation correlated with a decreased ability to produce IL-12
after LPS stimulation (SLE-immature DC � 2.1 � 0.3; SLE-ma-
ture DC � 5.3 � 0.1 ng/ml; mean � SD; n � 8) while IL-10 levels
did not differ significantly from those obtained for healthy donors
(data not shown).

Discussion
This study reports that the differentiation in vitro of DC from
monocytes in the presence of IC gives rise to a subset of DC
(IC-DC) characterized by an altered phenotype profile and im-
paired functions. IC-DC exhibited significant lower levels of CD1a
and increased expression of CD14 and MHCII than normal differ-
entiated DC. Morphological differences were also observed, with
IC-DC presenting a larger and rounded shape with few cytoplas-
matic protrusions, abundant vacuoles and eccentrical nucleus lo-
cation. Moreover, the increased expression of the macrophage
marker CD68 suggests that IC promote the differentiation of
monocytes into macrophage-like cells.

IC exert their biological actions through the interaction with
membrane Fc�Rs. The use of blocking Fc�R-specific mAbs could
determine that the inhibitory effect of IC on DC differentiation was
exerted mainly through the interaction with Fc�RI and to lesser
extend with Fc�RII. Moreover, it was observed that cross-linking
of Fc�RI and Fc�RII is required for the alteration of the normal
DC differentiation pathway. Indeed, human soluble monomeric
IgG do not have any effect on DC differentiation (data not shown).
The main role of Fc�RI in mediating IC effect confirms the crucial
role of this receptor during the initiation of the immune response
(3, 11). Fc�RI has 10- to 100-fold higher affinity for IgG, com-
pared with the low-affinity Fc�RII and Fc�RIII. Thus, Fc�RI acts
in the early phases of the immune response, through the internal-
ization of IC, the processing and the subsequent presentation of the
Ag, long before engagement of other low-affinity Fc�Rs (40, 41).
Monocytes, the precursors of DC, express the three Fc�Rs. In line
with the results obtained in the Fc�R blocking and cross-linking
studies, our data indicate that the effect is more potent when IC
were added at the beginning of the differentiation process. This
timing parallels the kinetics of Fc�R expression during the differ-
entiation of monocytes into DC. Indeed, at the beginning of the
culture (day 0), monocytes express considerable high levels of the
three types of Fc�Rs. After 2 days of culture, both Fc�RI and
Fc�RIII were completely down-regulated and although the expres-
sion of Fc�RIII is partially restored at the end of the 6-day culture,
this receptor does not appear to mediate IC effect. The down-reg-
ulation of the Fc�Rs is likely to be due to the action of IL-4 (42,
43). Although also Fc�RII was down-regulated its levels remained

considerably high during the whole differentiation. However, the
effect observed either by blocking or cross-linking this receptor
was always of minor relevance compared with Fc�RI suggesting
that the interaction of IC with these receptors has a limited rele-
vance during the DC differentiation process. Of interest, immature
IC-DC, in the absence of maturation stimuli, express relatively
higher levels of CD83, CD86, and CD40 than immature DC al-
though the expression of these markers were not further increased
by LPS.

Maturation of DC by TLR ligands or by CD40L leads to the
secretion of IL-12, a cytokine that plays a crucial role in the ini-
tiation, amplification, and orientation of the immune response (44).
The increased expression of costimulatory markers on immature
IC-DC was not associated with IL-12 secretion; moreover, LPS-
stimulated IC-DC secreted lower amounts of IL-12 than those pro-
duced by normal differentiated DC. The lack of IL-12 secretion by
CD1a� was previously reported in another experimental system
(45). Deficiencies in IL-12 secretion were associated with in-
creased IL-10 production (34, 35, 46). However, this is not the
case of fully differentiated IC-DC, because these cells secrete sim-
ilar levels of IL-10 as compared with DC. Interestingly, two recent
reports indicate that the balance between the expression of acti-
vating (Fc�RIIA) and inhibiting (Fc�RIIB) Fc�Rs by mono-DC
and circulating DC enables IC to mediate opposing effects on DC
maturation and function (47, 48). It was reported that the block of
Fc�RIIB on immature DC leads to IL-12 production and DC mat-
uration even though without the involvement of microbial products
or inflammatory signals (48). Our study extends these findings,
suggesting that the interaction of IC with activating and inhibitory
Fc�Rs during monocyte differentiation into DC is responsible for
the generation of DC with an altered phenotype associated with
impaired APC functions. In fact, DC generated in the presence of
IC display low endocytic activity, poor capacity to induce alloge-
neic T cell proliferation, and an altered repertoire of chemokine
secretion.

Taking into account that monocytes also differentiate into DC in
vivo (49), our findings are relevant to better understand the state of
DC deficiencies observed in patients with chronic inflammatory or
autoimmune disorders. Indeed, in the course of these pathologies
large amounts of IC are formed and remain in circulation and are
responsible for altered immune responses and tissue damaged (8,
9). Phenotypic and functional deficiencies of mono-DC have been
recently reported in patients with autoimmune diseases (50–52). In
this study, we observed that monocytes from SLE patients differ-
entiated into DC expressing low levels of CD1a and high amounts

Table III. Phenotype of DC generated from monocytes of SLE patientsa

SLE
Patient CD1a CD14 MHCII CD68

Control 86.2 � 4.6 (120 � 9.2) 22.4 � 3.3 (15 � 3.8) 98.2 � 2.0 (168 � 23) 96.4 � 1.3 (211 � 18)
SLE 1 12.0 (8.1) 10.5 (12) 86.3 (115) 91.0 (421)
SLE 2 18.8 (9.8) 53.2 (14) 72.6 (101) 90.3 (396)
SLE 3 31.0 (10) 44.3 (10) 83.3 (96) 93.0 (310)
SLE 4 14.2 (9.9) 37.5 (16) 92.4 (142) nd
SLE 5 24.1 (12) 65.7 (10) 99.1 (126) 89.2 (566)
SLE 6 7.6 (10) 29.3 (15) nd nd
SLE 7 5.8 (9.5) 48.3 85.2 (121) 85.6 (498)
SLE 8 10.6 (11) 16.7 (12) 92.1 (96.0) 83.4 (499)
SLE 9 7.1 (9.2) 36.2 (12) 85.4 (111) nd
SLE 10 26.5 (10) 40.8 (11) nd 87.9 (478)

a Results are expressed as percentage of positive cells, mean fluorescence intensity values are shown in parentheses. For SLE patients results of single
experiments are provided. For healthy donors (control) average values � SD are shown (n � 12); nd, not done.
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of CD14 and CD68. Moreover, these cells presented impaired up-
regulation of CD83 and IL-12 production after maturation with
LPS. In agreement with our findings, it was shown that mature DC
from SLE patients present impaired up-regulation of MHCII and
are defective in MLRs (51–53). Also, DC from rheumatoid arthri-
tis patients showed increased production of IL-1, IL-6, TNF-�, and
IL-10 and an altered pattern of chemokine secretion (54, 55). In
our study, we did not observe significant differences in the levels
of IL-10, IL-6, and TNF-� produced by IC-DC, supporting that the
complex inflammatory and autoimmune profile observed in these
patients may have additional role on these cells.

In SLE patients, deposition of IC in tissues leads to the produc-
tion of multiple proinflammatory chemokines. Elevated levels of
CXCL8, CCL2, and CCL5 were reported in biological fluids from
immune complex-related diseases (56–58). Because IC can cross-
link leukocyte surface Fc�Rs, our finding that DC generated in the
presence of IC secrete higher levels of CCL2 and CXCL8 could
explain the elevated levels of these two chemokines in autoim-
mune disorders and their role in the recruitment of leukocytes to
the involved tissues.

In several IC-related diseases, peripheral blood DC subsets are
substantially decreased as compared with healthy controls (50–
52). Several alterations could explain this low number in DC
counts, including decreased output from the bone marrow, in-
creased apoptosis rates, and deficiencies during the differentiation
and activation pathway. Interestingly, in our study, the recovery of
DC was strongly reduced when cultured in the presence of IC,
suggesting an additional mechanism responsible for the decreased
number of blood DC.

In conclusion, our findings reveal a new level in the regulation
of the immune response through the interaction of IC with specific
Fc�Rs during the differentiation and maturation of DC. These find-
ings may help to better elucidate the emerging role of DC in
autoimmune disease (59–62). Further clarification of alternative
differentiation pathways of DC might help to develop novel im-
munotherapeutic strategies for the treatment of IC-related diseases.

Acknowledgments
We are grateful to the staff of the blood bank of Hemocentro Buenos Aires
for supplying us with buffy coats.

Disclosures
The authors have no financial conflict of interest.

References
1. Lorenz, H. M., M. Herrmann, and J. R. Kalden. 2001. The pathogenesis of au-

toimmune diseases. Scand. J. Clin. Lab. Invest. Suppl. 235: 16–26.
2. Schifferli, J. A., and R. P. Taylor. 1989. Physiological and pathological aspects of

circulating immune complexes. Kidney Int. 35: 993–1003.
3. Ravetch, J. V., and S. Bolland. 2001. IgG Fc receptors. Annu. Rev. Immunol. 19:

275–290.
4. Berger, S., H. Ballo, and H. J. Stutte. 1996. Immune complex-induced interleu-

kin-6, interleukin-10 and prostaglandin secretion by human monocytes: a net-
work of pro- and anti-inflammatory cytokines dependent on the antigen:antibody
ratio. Eur. J. Immunol. 26: 1297–1301.

5. Bonney, R. J., P. Naruns, P. Davies, and J. L. Humes. 1979. Antigen-antibody
complexes stimulate the synthesis and release of prostaglandins by mouse peri-
toneal macrophages. Prostaglandins 18: 605–616.

6. Marsh, C. B., J. E. Gadek, G. C. Kindt, S. A. Moore, and M. D. Wewers. 1995.
Monocyte Fc� receptor cross-linking induces IL-8 production. J. Immunol. 155:
3161–3167.

7. Polat, G. L., J. Laufer, I. Fabian, and J. H. Passwell. 1993. Cross-linking of
monocyte plasma membrane Fc�, Fc� or mannose receptors induces TNF pro-
duction. Immunology 80: 287–292.

8. Jancar, S., and C. M. Sanchez. 2005. Immune complex-mediated tissue injury: a
multistep paradigm. Trends Immunol. 26: 48–55.

9. Mannik, M. 1982. Pathophysiology of circulating immune complexes. Arthritis
Rheum. 25: 783–787.

10. Daeron, M. 1997. Fc receptor biology. Annu. Rev. Immunol. 15: 203–234.
11. van de Winkel, J. G., and P. J. Capel. 1993. Human IgG Fc receptor heteroge-

neity: molecular aspects and clinical implications. Immunol. Today 14: 215–221.

12. Billadeau, D. D., and P. J. Leibson. 2002. ITAMs versus ITIMs: striking a bal-
ance during cell regulation. J. Clin. Invest. 109: 161–168.

13. Bolland, S., and J. V. Ravetch. 1999. Inhibitory pathways triggered by ITIM-
containing receptors. Adv. Immunol. 72: 149–177.

14. Long, E. O. 1999. Regulation of immune responses through inhibitory receptors.
Annu. Rev. Immunol. 17: 875–904.

15. Radeke, H. H., I. Janssen-Graalfs, E. N. Sowa, N. Chouchakova, J. Skokowa,
F. Loscher, R. E. Schmidt, P. Heeringa, and J. E. Gessner. 2002. Opposite reg-
ulation of type II and III receptors for immunoglobulin G in mouse glomerular
mesangial cells and in the induction of anti-glomerular basement membrane
(GBM) nephritis. J. Biol. Chem. 277: 27535–27544.

16. Banchereau, J., F. Briere, C. Caux, J. Davoust, S. Lebecque, Y. J. Liu,
B. Pulendran, and K. Palucka. 2000. Immunobiology of dendritic cells. Annu.
Rev. Immunol. 18: 767–811.

17. Lanzavecchia, A., and F. Sallusto. 2001. Regulation of T cell immunity by den-
dritic cells. Cell 106: 263–266.

18. Sozzani, S. 2005. Dendritic cell trafficking: more than just chemokines. Cytokine
Growth Factor Rev. 16: 581–592.

19. Pulendran, B., J. Banchereau, E. Maraskovsky, and C. Maliszewski. 2001. Mod-
ulating the immune response with dendritic cells and their growth factors. Trends
Immunol. 22: 41–47.

20. Reis e Sousa, C. 2001. Dendritic cells as sensors of infection. Immunity 14:
495–498.

21. Rescigno, M., F. Granucci, S. Citterio, M. Foti, and P. Ricciardi-Castagnoli.
1999. Coordinated events during bacteria-induced DC maturation. Immunol. To-
day 20: 200–203.

22. Thery, C., and S. Amigorena. 2001. The cell biology of antigen presentation in
dendritic cells. Curr. Opin. Immunol. 13: 45–51.

23. Randolph, G. J., K. Inaba, D. F. Robbiani, R. M. Steinman, and W. A. Muller.
1999. Differentiation of phagocytic monocytes into lymph node dendritic cells in
vivo. Immunity 11: 753–761.

24. Sallusto, F., and A. Lanzavecchia. 1994. Efficient presentation of soluble antigen
by cultured human dendritic cells is maintained by granulocyte/macrophage col-
ony-stimulating factor plus interleukin 4 and downregulated by tumor necrosis
factor �. J. Exp. Med. 179: 1109–1118.

25. Zhou, L. J., and T. F. Tedder. 1996. CD14� blood monocytes can differentiate
into functionally mature CD83� dendritic cells. Proc. Natl. Acad. Sci. USA 93:
2588–2592.

26. Piemonti, L., S. Bernasconi, W. Luini, Z. Trobonjaca, A. Minty, P. Allavena, and
A. Mantovani. 1995. IL-13 supports differentiation of dendritic cells from circu-
lating precursors in concert with GM-CSF. Eur. Cytokine Netw. 6: 245–252.

27. Barrionuevo, P., M. Beigier-Bompadre, B. S. De La, M. F. Alves-Rosa,
G. Fernandez, M. S. Palermo, and M. A. Isturiz. 2001. Immune complexes (IC)
down-regulate the basal and interferon-�-induced expression of MHC class II on
human monocytes. Clin. Exp. Immunol. 125: 251–257.

28. Vulcano, M., C. Albanesi, A. Stoppacciaro, R. Bagnati, G. D’Amico, S. Struyf,
P. Transidico, R. Bonecchi, A. Del Prete, P. Allavena, et al. 2001. Dendritic cells
as a major source of macrophage-derived chemokine/CCL22 in vitro and in vivo.
Eur. J. Immunol. 31: 812–822.

29. Vulcano, M., S. Struyf, P. Scapini, M. Cassatella, S. Bernasconi, R. Bonecchi,
A. Calleri, G. Penna, L. Adorini, W. Luini, et al. 2003. Unique regulation of
CCL18 production by maturing dendritic cells. J. Immunol. 170: 3843–3849.

30. Tan, E. M., A. S. Cohen, J. F. Fries, A. T. Masi, D. J. McShane, N. F. Rothfield,
J. G. Schaller, N. Talal, and R. J. Winchester. 1982. The 1982 revised criteria for
the classification of systemic lupus erythematosus. Arthritis Rheum. 25:
1271–1277.

31. Hulett, M. D., and P. M. Hogarth. 1994. Molecular basis of Fc receptor function.
Adv. Immunol. 57: 1–127.

32. Liu, Y. J. 2001. Dendritic cell subsets and lineages, and their functions in innate
and adaptive immunity. Cell 106: 259–262.

33. Aste-Amezaga, M., X. Ma, A. Sartori, and G. Trinchieri. 1998. Molecular mech-
anisms of the induction of IL-12 and its inhibition by IL-10. J. Immunol. 160:
5936–5944.

34. De Smedt, T., M. Van Mechelen, G. De Becker, J. Urbain, O. Leo, and M. Moser.
1997. Effect of interleukin-10 on dendritic cell maturation and function. Eur.
J. Immunol. 27: 1229–1235.

35. Fiorentino, D. F., A. Zlotnik, T. R. Mosmann, M. Howard, and A. O’Garra. 1991.
IL-10 inhibits cytokine production by activated macrophages. J. Immunol. 147:
3815–3822.

36. Allavena, P., A. Sica, A. Vecchi, M. Locati, S. Sozzani, and A. Mantovani. 2000.
The chemokine receptor switch paradigm and dendritic cell migration: its sig-
nificance in tumor tissues. Immunol. Rev. 177: 141–149.

37. Cyster, J. G. 1999. Chemokines and the homing of dendritic cells to the T cell
areas of lymphoid organs. J. Exp. Med. 189: 447–450.

38. Sallusto, F., C. R. Mackay, and A. Lanzavecchia. 2000. The role of chemokine
receptors in primary, effector, and memory immune responses. Annu. Rev. Im-
munol. 18: 593–620.

39. Banchereau, J., and R. M. Steinman. 1998. Dendritic cells and the control of
immunity. Nature 392: 245–252.

40. Barnes, N., A. L. Gavin, P. S. Tan, P. Mottram, F. Koentgen, and P. M. Hogarth.
2002. Fc�RI-deficient mice show multiple alterations to inflammatory and im-
mune responses. Immunity 16: 379–389.

41. Ioan-Facsinay, A., S. J. de Kimpe, S. M. Hellwig, P. L. van Lent, F. M. Hofhuis,
H. H. van Ojik, C. Sedlik, S. A. da Silveira, J. Gerber, Y. F. de Jong, et al. 2002.
Fc�RI (CD64) contributes substantially to severity of arthritis, hypersensitivity
responses, and protection from bacterial infection. Immunity 16: 391–402.

680 IC INHIBIT DC DIFFERENTIATION AND FUNCTIONS



42. Liu, Y., E. Masuda, M. C. Blank, K. A. Kirou, X. Gao, M. S. Park, and L. Pricop.
2005. Cytokine-mediated regulation of activating and inhibitory Fc � receptors in
human monocytes. J. Leukocyte Biol. 77: 767–776.

43. te Velde, A. A., R. J. Huijbens, J. E. de Vries, and C. G. Figdor. 1990. IL-4
decreases Fc�R membrane expression and Fc�R-mediated cytotoxic activity of
human monocytes. J. Immunol. 144: 3046–3051.

44. Macatonia, S. E., N. A. Hosken, M. Litton, P. Vieira, C. S. Hsieh, J. A.
Culpepper, M. Wysocka, G. Trinchieri, K. M. Murphy, and A. O’Garra. 1995.
Dendritic cells produce IL-12 and direct the development of Th1 cells from naive
CD4� T cells. J. Immunol. 154: 5071–5079.

45. Chang, C. C., A. Wright, and J. Punnonen. 2000. Monocyte-derived CD1a� and
CD1a- dendritic cell subsets differ in their cytokine production profiles, suscep-
tibilities to transfection, and capacities to direct Th cell differentiation. J. Immu-
nol. 165: 3584–3591.

46. Cella, M., D. Scheidegger, K. Palmer-Lehmann, P. Lane, A. Lanzavecchia, and
G. Alber. 1996. Ligation of CD40 on dendritic cells triggers production of high
levels of interleukin-12 and enhances T cell stimulatory capacity: T-T help via
APC activation. J. Exp. Med. 184: 747–752.

47. Boruchov, A. M., G. Heller, M. C. Veri, E. Bonvini, J. V. Ravetch, and
J. W. Young. 2005. Activating and inhibitory IgG Fc receptors on human DCs
mediate opposing functions. J. Clin. Invest. 115: 2914–2923.

48. Dhodapkar, K. M., J. L. Kaufman, M. Ehlers, D. K. Banerjee, E. Bonvini,
S. Koenig, R. M. Steinman, J. V. Ravetch, and M. V. Dhodapkar. 2005. Selective
blockade of inhibitory Fc� receptor enables human dendritic cell maturation with
IL-12p70 production and immunity to antibody-coated tumor cells. Proc. Natl.
Acad. Sci. USA 102: 2910–2915.

49. Randolph, G. J., S. Beaulieu, S. Lebecque, R. M. Steinman, and W. A. Muller.
1998. Differentiation of monocytes into dendritic cells in a model of transendo-
thelial trafficking. Science 282: 480–483.

50. Cederblad, B., S. Blomberg, H. Vallin, A. Perers, G. V. Alm, and L. Ronnblom.
1998. Patients with systemic lupus erythematosus have reduced numbers of cir-
culating natural interferon-�- producing cells. J. Autoimmun. 11: 465–470.

51. Koller, M., B. Zwolfer, G. Steiner, J. S. Smolen, and C. Scheinecker. 2004.
Phenotypic and functional deficiencies of monocyte-derived dendritic cells in
systemic lupus erythematosus (SLE) patients. Int. Immunol. 16: 1595–1604.

52. Scheinecker, C., B. Zwolfer, M. Koller, G. Manner, and J. S. Smolen. 2001.
Alterations of dendritic cells in systemic lupus erythematosus: phenotypic and
functional deficiencies. Arthritis Rheum. 44: 856–865.

53. Gottlieb, A. B., R. G. Lahita, N. Chiorazzi, and H. G. Kunkel. 1979. Immune
function in systemic lupus erythematosus: impairment of in vitro T-cell prolif-
eration and in vivo antibody response to exogenous antigen. J. Clin. Invest. 63:
885–892.

54. Radstake, T. R., P. L. van Lent, G. J. Pesman, A. B. Blom, F. G. Sweep,
J. Ronnelid, G. J. Adema, P. Barrera, and W. B. van den Berg. 2004. High
production of proinflammatory and Th1 cytokines by dendritic cells from patients
with rheumatoid arthritis, and down regulation upon Fc�R triggering. Ann.
Rheum. Dis. 63: 696–702.

55. Radstake, T. R., R. van der Voort, M. ten Brummelhuis, M. de Waal, M. Looman,
C. G. Figdor, W. B. van den Berg, P. Barrera, and G. J. Adema. 2005. Increased
expression of CCL18, CCL19, and CCL17 by dendritic cells from patients with
rheumatoid arthritis, and regulation by Fc� receptors. Ann. Rheum. Dis. 64:
359–367.

56. Harigai, M., M. Hara, T. Yoshimura, E. J. Leonard, K. Inoue, and S.
Kashiwazaki. 1993. Monocyte chemoattractant protein-1 (MCP-1) in inflamma-
tory joint diseases and its involvement in the cytokine network of rheumatoid
synovium. Clin. Immunol. Immunopathol. 69: 83–91.

57. Kaneko, H., H. Ogasawara, T. Naito, H. Akimoto, S. Lee, T. Hishikawa,
I. Sekigawa, Y. Tokano, Y. Takasaki, S. I. Hirose, and H. Hashimoto. 1999.
Circulating levels of �-chemokines in systemic lupus erythematosus. J. Rheu-
matol. 26: 568–573.

58. Narumi, S., T. Takeuchi, Y. Kobayashi, and K. Konishi. 2000. Serum levels of
IFN-inducible PROTEIN-10 relating to the activity of systemic lupus erythem-
atosus. Cytokine 12: 1561–1565.

59. Hardin, J. A. 2005. Dendritic cells: potential triggers of autoimmunity and targets
for therapy. Ann. Rheum. Dis. 64(Suppl. 4): iv86–iv90.

60. Ludewig, B., T. Junt, H. Hengartner, and R. M. Zinkernagel. 2001. Dendritic
cells in autoimmune diseases. Curr. Opin. Immunol. 13: 657–662.

61. Mehling, A., and S. Beissert. 2003. Dendritic cells under investigation in auto-
immune disease. Crit. Rev. Biochem. Mol. Biol. 38: 1–21.

62. Palucka, A. K., B. Laupeze, C. Aspord, H. Saito, G. Jego, J. Fay, S. Paczesny,
V. Pascual, and J. Banchereau. 2005. Immunotherapy via dendritic cells. Adv.
Exp. Med. Biol. 560: 105–114.

681The Journal of Immunology


