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Abstract With the purpose of contributing to a better

knowledge of the APCs functional activity in SLE, we

evaluated the distribution and functional ability to produce

pro-inflammatory cytokines (TNF-a, IL-1b, IL-6 and IL-

12) of peripheral blood (PB) monocytes and DC (tDC),

particularly myeloid (mDC) and CD14-/lowCD16? DC

subpopulations comparing them with those obtained from

healthy individuals. The study was performed in 34 SLE

patients with diverse disease activity scores (SLEDAI) and

13 healthy age- and sex-matched controls (NC). Our results

show an overall decrease in absolute number and relative

frequency of tDC in SLE patients with active disease when

compared to those with inactive disease and NC, although

this decrease did not seem to have an effect on the distri-

bution of PB DC subsets. The monocytes number in SLE

patients was similar to those found in NC, whereas a higher

frequency of monocytes producing cytokines as well as the

amount of each cytokine per cell found without stimulation

was particularly observed in those patients with active

disease. After stimulation, we observed a higher frequency

of IL-12-producing monocytes in active SLE patients. On

the other hand, we found among DCs higher frequencies of

cytokine-producing CD14-/lowCD16? DCs and a higher

amount of cytokines produced per cell, particularly in

active disease. These findings support an increased pro-

duction of inflammatory cytokines by APCs in active SLE,

mostly associated with alterations in CD14-/lowCD16? DC

subset homeostasis that might contribute to explain the

dynamic role of these cells in disease pathogenesis.

Keywords Dendritic cells � Monocytes � Inflammatory

cytokines � Systemic lupus erythematosus

Introduction

SLE is a multiorgan system autoimmune disease with

numerous immunological and clinical manifestations [1]. It

is characterized by a large amount of circulating autoanti-

bodies (autoAb) with diverse specificities as a result of

abnormal activation of autoreactive B- and T-helper lym-

phocytes [2, 3]. The abnormal function of T cells may result

from underlying defects in APC function. Actually, despite

attention primarily focused on the role of B and T cells in

SLE pathogenesis, there are growing evidences for dys-

functional professional APCs in autoimmunity [4–6].

Among them, monocytes/macrophages are versatile cells

aiming to defend, regulate inflammation, and induce

immunity [7]. Furthermore, circulating monocytes are

recruited to sites of inflammation where they become acti-

vated and differentiate further into resident tissue macro-

phages specialized in phagocytosis and subsequent antigen

presentation [8]. In this sense, an active role in mediating

tissue inflammation and injury is engaged by monocytes

with well-developed secretory functions. Experimental
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evidences suggest that monocytes differentiate also into

DCs in vivo [9, 10]. However, the differentiation of DCs

from a pre-monocyte precursor or monocytes remains con-

troversial. Accordingly, at present, it is well established that

DC is not a homogeneous cell population, and at least three

different DC subsets have been described in normal human

peripheral blood (PB) [11, 12]. One defined as CD123dim/

CD16- myeloid DC subpopulation (mDC), strongly

expressing HLA-DR and the myeloid-associated antigens

CD11c and CD33. Another defined as CD33-/dim/CD16-

lymphoplasmacytoid subpopulation (pDC), strongly

expressing HLA-DR and CD123. A third one is a CD14-/low/

CD123inter/CD33inter/CD16? monocyte-related subpop-

ulation (CD14-/lowCD16? DC) initially described as a

minor subset of mature monocytes [13–15]. Accordingly,

this latter DC subpopulation seems to display intermediate

features between a PB monocyte and DC, such as a high

expression of FccRIII (CD16), a relatively low activity as

APC in comparison with other peripheral blood DC and a

high ability to generate in vitro activation of naive T cells.

DCs are the most central player in all immune respon-

ses, both innate and adaptive, being exceptionally potent

immunogenic under inflammatory conditions, yet are also

critical to the induction and maintenance of self-tolerance

in the steady state [16–18]. In this sense, emergent data

suggest that DCs heterogeneity and activation states may

be involved in autoimmune response either by a dysregu-

lation of DC maturation towards their chronic activation

and their cytokine secretion or by defective induction and

maintenance of antigen-specific peripheral T-cell tolerance.

Thus, abnormalities reported in SLE patients may represent

DC-intrinsic defects and/or result of secondary defects such

an imbalance of cytokine signals that could generate

directly prime of autoreactive T cells, or fail to prime

regulatory T-cell subsets, or even shift a Th1/Th2 balance

to an unfavourable outcome [19–23].

To gain better insight into the pathogenesis of SLE, we

investigated the frequency of PB monocytes and DC sub-

sets as well as their functional characteristics to compara-

tively explore in these cell subsets their differential ability

to produce cytokines according to the status of disease.

Patients and methods

Patients

We recruited patients with SLE fulfilling the 1997 ACR

classification criteria for the disease [24, 25]. All patients

were followed at the Rheumatology Department of the

University Hospital of Coimbra, Portugal. The disease

activity at time of evaluation was classified according to

the Systemic Lupus Erythematosus Disease Activity Index

(SLEDAI 2000) [26, 27]. Patients were divided into two

groups, one with active (SLEDAI C 5; n = 15) and the

other with inactive SLE (SLEDAI \ 5; n = 19) [28].

Medication at time of evaluation was recorded.

Controls

As controls, we recruited 13 healthy age- and gender-

matched bone marrow donors (NC group) (76.9% female,

mean age 34 ± 10 years; range 25–54 years) at the His-

tocompatibility Center of Coimbra. Pregnancy and age

under 18 were exclusion criteria for participation. The local

ethics committee approved study protocol. All participants

gave and signed informed consent.

In vitro stimulation of cytokine production by DCs

and monocytes

A total of 500 ll of each PB sample was diluted l/l (vol/

vol), in duplicate, in RPMI-1640 medium (Gibco; Paisley,

Scotland, UK), supplemented with 2 mM L-glutamine and

incubated at 37�C in a sterile environment with a 5% CO2

humid atmosphere for 6 h, in the presence of 10 lg/ml of

Brefeldin A (Sigma, St. Louis, MO) to prevent the release

of cytokines outside the cells. In addition, 100 ng/ml of

lipopolysaccharide (LPS) from Escherichia coli [serotype

055:B5 (Sigma)] plus 100 U/ml of interferon-c (IFN-c);

Promega, Madison, WI) were added to one of the tubes

(stimulated samples). The other tube was used as a control.

Immunofluorescent staining

After this incubation period, both stimulated and the

unstimulated samples were aliquoted in different tubes

(200 ll/tube) in order to analyse the expression of each

cytokine under study, by monocytes and DCs subsets.

In order to identify DC subsets, a Dendritic Cell Exclu-

sion Kit—flourescein isothiocyanate (FITC) (Cytogonos,

Salamanca, Spain)—combined with anti-HLA-DR—peri-

din chlorophyll protein (PerCP) (clone L243; BDB, San

Jose, USA)—and anti-CD33—allophycocyanin (APC)

(clone P67.6; BDB, San Jose, USA)—was added to each

tube. After gentle mixing, cells were sequentially incubated

for 15 min at room temperature, in the darkness and washed

once in with 2 ml of phosphate-buffered saline (PBS,

Dulbecco 1x, Biochrom AG, Berlin, Germany), (5 min at

540 9 g). After discarding the supernatant, cells were fixed

and permeabilized with FIX&PERM (Caltag, Hamburg,

Germany) according to manufacturer’s instructions and

stained with PE-conjugated mAb directed against different

human intracytoplasmic cytokines: anti-interleukin (IL)-1b
(clone AS10; BDB, San Jose, USA), anti-IL-6 (clone MQ2-

6A; Pharmingen, San Diego, USA), anti-IL-12 (clone
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C11.5; Pharmingen, San Diego, USA) and anti-tumour

necrosis factor (TNF)-a (clone Mab11; Pharmingen, San

Diego, USA). Each anti-cytokine mAb reagent was placed

in a separate tube containing either the stimulated or the

unstimulated sample. The tubes were incubated for 15 min

at room temperature in the darkness. Then, cells were

washed twice with 2 ml of PBS (5 min at 540 9 g) and

resuspended in 0.5 ml of PBS until they were analysed in a

flow cytometer.

Flow cytometry data acquisition and analysis

The data acquisition was performed in two consecutive

steps in a FACSCalibur flow cytometer (BDB, San Jose,

USA) equipped with an argon ion laser and a red diode

laser. In a first step, 2 9 104 events, corresponding to all

nucleated cells present in the sample, were collected and

information on them stored. In a second step, information

was stored exclusively for those cells included in a live

gate containing HLA-DR? events, in a minimum of

2 9 105 events. Absolute counts were calculated using a

dual platform methodology (flow cytometry and haemato-

logical cell analyser).

Statistical analysis

Statistical evaluation of data were analysed using the non-

parametric Mann–Whitney U test. Results were expressed

as the mean ± SD, median. All statistical analyses were

performed using SPSS Inc, Chicago, USA, and differences

were considered as statistically significant when the

P value was less than 0.05.

Results

SLE patients with active and inactive disease

Forty-seven subjects were enrolled in the study, comprising

thirty-four SLE patients, fifteen with active disease (86.7%

female, mean age 32 ± 11 years; range 22–48 years) and

nineteen with inactive disease (89.5% female, mean age

34 ± 9 years; range 24–54 years). Mean SLEDAI scores in

the active SLE and inactive SLE group were 10.3 ± 3.53

and 2.7 ± 1.52, respectively. The time since diagnosis was

9 ± 5 years in both groups. Lupus nephritis was the most

prevalent major organ involvement, diagnosed in 66.7% of

active SLE and 52.6% of inactive SLE cases. Three patients

had neurolupus, all from the inactive SLE group. Preva-

lence of lupus arthritis was 93.3% in the active SLE group

and 68.4% in the inactive SLE group. Haematological

involvement was present in 93.3% of active SLE and in

84.2% of inactive SLE group patients. Lupus skin disease

was found in 80% of active SLE and 52.6% of inactive SLE

patients. At the time of evaluation, patients with active SLE

and inactive SLE, respectively, were receiving treatment

with hydroxychloroquine in 80 and 94.7% of cases, pred-

nisone 93.3 and 42.1% (mean daily dose 18.2 and 5.3 mg)

and immunossupressants (micofenolate mofetil, azatioprine

or cyclosporine) in 53.3 and 31.6%, respectively.

Frequency of monocytes, tDCs and their mDC, pDC

and CD14-/lowCD16? DC subpopulations in SLE

and healthy subjects

DCs were identified by the combined expression of CD33

and HLA-DR and absence of CD14, CD19, CD56 and CD3

with intermediate forward (FSC) and side scatter (SSC)

between those of lymphocytes and monocytes (Fig. 1a, b,

c). Based on the expression of CD33 and HLA-DR, we

could identify three subpopulations of DCs: a subset of

CD123dim/CD33high/CD16neg cells, with strong expression

of HLA-DR–mDCs; a subset of CD123inter/CD33inter/

CD16pos–CD14-/lowCD16? DCs and other of CD123high/

CD33neg/dim/CD16neg cells—pDCs, both with intermediate

expression of HLA-DR (Fig. 1d, e, f, g). We identified

monocytes as expressing CD33, CD14 and HLA-DR and

by their FSC and SSC characteristics.

As shown in Table 1, frequency and absolute numbers

(cell/ll) of PB DCs were lower in both SLE groups than in

control group, reaching statistical significance in those

patients with active disease (P \ 0.05). In contrast, no

significant differences were found in the proportion and

absolute numbers of circulating monocyte or in proportions

of the three characterized DC subsets among tDC (Table 1).

Cytokine production by PB monocytes from SLE

patients and healthy subjects

Without stimulation with LPS plus IFN-c active and

inactive SLE presented a higher frequency of monocytes

producing IL-6 and TNF-a when compared with control

group (Table 2). Moreover in active SLE, we found a

significant increase in the frequency of monocytes pro-

ducing IL-1b (P \ 0.05). After stimulation, we only

observed in active SLE a higher frequency of monocytes

producing IL-12 (P \ 0.05), and no significant differences

were found between the studied groups with respect to the

amount of cytokine produced per cell (Table 2).

Cytokine production by PB DC subsets from SLE

patients and healthy subjects

We evaluated the production of IL-1b, IL-6, IL-12 and

TNF-a by mDCs and CD16? DCs at basal level and after

6 h of stimulation with LPS and IFN-c.
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Without stimulation, we observed in all studied groups a

lower percentage of cytokine-producing mDCs and

CD14-/lowCD16? DCs (always below 2%—data not

shown), and therefore this results were not considered.

After in vitro stimulation, we observed a higher fre-

quency of CD14-/lowCD16? DCs producing all studied

cytokines from both SLE groups compared to NC

(P \ 0.05), which was more evident in active SLE group

(Fig. 2). In line with these findings, a statistical significant

increase was reached for IL-1b-producing CD14-/low

CD16? DCs between active and inactive SLE groups

(P \ 0.05). In contrast, the frequencies of cytokine-pro-

ducing mDCs were similar in the three groups (Table 3).

When we analysed the amount of each studied cytokine

at single cell level, there was a notably increased expres-

sion of all cytokines in CD14-/lowCD16? DCs from active

and inactive SLE patients compared to healthy subjects

(P \ 0.05) (Fig. 2). In addition, regarding mDCs, we

observed a lower amount of TNF-a per cell in inactive SLE

group compared to NC (P \ 0.05) (Table 3), without other

significant differences between the three studied groups.

Discussion

The overexpression of chemokines and homeostasis

imbalance of APC, including DC, has been proposed in the

development of SLE [29–31], but the potential role of

those cells in disease pathogenesis is far from clear. With

this study, it was our aim to comparatively analyse the

functional characteristics of those cells from SLE patients

and from normal controls in order to clarify their role in the

disease pathogenesis.

Our results showed that although the number of tDCs in

SLE patients, particularly in those with active disease was

significantly decreased, only slight alterations were detec-

ted in the relative proportion of the three DC subtypes

Fig. 1 Representative bivariate dot plots illustrating how DCs (a,

b and c) and their subsets (d, e, f, and g) were identified in PB using a

mixture of FITC-conjugated anti-CD3, CD56, CD19 and CD14 mAbs

combined with anti-HLA-DR PerCP, CD33 APC and CD16 PE:

mDC–CD123dim/CD33high/CD16neg/CD11hight; CD142/lowCD16? DC–

CD123inter/CD33inter/CD16pos/CD11cpos; pDC–CD123high/CD33neg/dim/

CD16neg/CD11cneg

Table 1 Comparative analysis of overall monocytes, DCs and their

subsets frequencies (percentage; cells number/lL of PB) in SLE and

control groups

Active SLE Inactive SLE Control group

% of DCs 0.2 ± 0.1* 0.3 ± 0.2 0.5 ± 0.1

DCs/lL 42.4 ± 28.8 59.8 ± 21.1 56.9 ± 10.7

% of mDCs 33.6 ± 15.4 38.4 ± 51.1 39.7 ± 18.0

mDCs/lL 13.2 ± 9.5 25.3 ± 25.4 22.5 ± 11.1

% of CD16? DCs 39.4 ± 21.8 36.3 ± 15.7 38.4 ± 18.9

CD16? DCs/lL 18.3 ± 19.8 24.3 ± 26.9 21.8 ± 11.2

% of pDCs 26.0 ± 13.2 25.2 ± 13.5 21.7 ± 12.1

pDC//lL 8.5 ± 4.0 12.6 ± 9.7 15.2 ± 8.8

% of monocytes 3.2 ± 1.6 3.8 ± 1.6 3.5 ± 0.8

Monocytes/lL 484 ± 170.0 628.2 ± 443.2 443.9 ± 116.3

The percentages presented for DC subsets were obtained among total

DCs

Results expressed as mean percentage ± standard deviation

Statistically significant differences were considered when P \ 0.05

(Mann–Whitney U test): *Active SLE versus control group
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Table 2 Frequency of monocytes producing TNF-a, IL-1b, IL-6 and IL-12 and amount of each cytokine per cell with and without stimulation

with LPS plus IFN-c in the three studied groups

Active SLE Inactive SLE Control

% MFI % MFI % MFI

IL-1b

No stimulus 11.1 ± 12.8a 29.7 ± 5.5 6.0 ± 10.1 29.7 ± 12.2 \3.00 N.D.

LPS ? IFN-c stimulus 94.5 ± 5.7 83.6 ± 23.6 87.3 ± 18.0 92.0 ± 45.5 84.6 ± 24.1 104.8 ± 37.7

IL-6

No stimulus 8.9 ± 9.0a 31.5 ± 7.9 6.5 ± 11.1b 29.4 ± 17.8 \3.00 N.D.

LPS ? IFN-c stimulus 86.2 ± 13.2 118.6 ± 51.8 84.3 ± 13.4 118.6 ± 49.4 73.9 ± 34.6 106.3 ± 51.1

IL-12

No stimulus 4.6 ± 9.4 27.2 ± 3.8 \3.00 N.D. \3.00 N.D.

LPS ? IFN-c stimulus 31.5 ± 35.5a 33.8 ± 14.4 10.5 ± 13.6 30.7 ± 4.8 5.9 ± 6.1 39.1 ± 8.1

TNF-a

No stimulus 9.7 ± 12.8a 70.3 ± 67.2 4.7 ± 6.8b 61.5 ± 85.4 \3.00 N.D.

LPS ? IFN-c stimulus 85.8 ± 15.3 645.8 ± 443.1 87.0 ± 7.7 583.6 ± 268.4 81.6 ± 21.5 800.2 ± 640.6

% Percentage of positive cells; MFI mean fluorescence intensity of positive cells. Results expressed as mean percentage ± standard deviation

Statistically significant differences were considered when P \ 0.05 (Mann–Whitney U test): aActive SLE versus Control; bInactive SLE versus

Control

Fig. 2 Frequency of CD14-/lowCD16? DCs producing TNF-a, IL-1b, IL-6 and IL-12 and amount of each cytokine per cell after stimulation

with LPS plus IFN-c in the three studied groups. *Statistically significant differences were considered when P \ 0.05 (Mann–Whitney U test)

Table 3 Frequency of mDCs producing TNF-a, IL-1b, IL-6 and IL-12 and amount of each cytokine per cell after stimulation with LPS plus

IFN-c in the three studied groups

mDCs Active SLE Inactive SLE Control

% MFI % MFI % MFI

IL-1b 86.3 ± 18.4 39.2 ± 4.3 76.5 ± 19.0 35.5 ± 7.1 71.7 ± 23.7 38.8 ± 7.1

IL-6 71.8 ± 28.1 42.4 ± 16.1 60.1 ± 25.7 37.7 ± 14.5 63.3 ± 19.6 36.0 ± 6.8

IL-12 68.3 ± 22.2 29.4 ± 5.4 57.2 ± 23.5 28.2 ± 4.4 53.8 ± 25.3 32.9 ± 7.9

TNF-a 81.9 ± 11.8 41.0 ± 13.0 64.3 ± 27.7 33.8 ± 8.6a 74.9 ± 20.9 82.2 ± 46.6

% Percentage of positive cells; MFI mean fluorescence intensity of positive cells. Results expressed as mean percentage ± standard deviation.

Statistically significant differences were considered when P \ 0.05 (Mann–Whitney U test): a Inactive SLE versus Control
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(Table 1). Indeed, our results were in agreement with

previous reports demonstrating a lower number of periph-

eral DCs in SLE patients when compared with healthy

subjects [32–34] but disagreed with others reporting sig-

nificant alterations in the proportion of circulating mDCs/

pDC subtypes [35]. Those apparent discrepancies in the

relative distribution of different peripheral DC subpopula-

tions are probably due to the fact that in other works, they

did not include a DC subpopulation, defined by us as

CD14-/lowCD16? DC, among tDCs. In addition, other

possible explanations for such observation could be related

with the impact of immunosuppressive treatment in hae-

matopoiesis resulting in a decreased output from the bone

marrow, namely in active SLE patients rather than a real

intrinsic deficiency (increased apoptosis rates and defi-

ciencies during the differentiation and/or activation path-

way). Indeed, therapeutic agents that block TNF-a, a strong

mediator of inflammation capable of exert a wide variety of

immunoregulatory and pro-inflammatory actions, namely

involved in the maturation of APCs, could in part result in

a decreased cellular number observed in patients with

active disease. Moreover, SLE patients are characterized

by a chronic inflammation combined with greater amounts

of cytokines and molecules capable of inducing phenotypic

and functional changes in normal DC, preferentially during

periods of active disease, may induce peripheral DCs dif-

ferentiation in SLE patients, resulting in low blood cell

numbers through their migration from circulation to lymph

nodes and tissues.

Consistent with observations of others [36], our data

showed no differences in monocytes number between SLE

patients and healthy subjects (Table 1).

To gain insight into the potential role of PB monocytes

and DCs, namely mDCs and CD14-/lowCD16? DCs on

disease onset and progression, we have analysed their

functional characteristics according to inflammatory cyto-

kines production, when compared to those from healthy

individuals. To address this, we stimulated blood samples

from SLE patients with LPS plus IFN-c and studied the

cytokine production by these cell populations.

In our study, the frequencies of PB monocytes produc-

ing cytokines and the amount of each cytokine produced by

those cells without in vitro stimulation were significantly

higher in SLE patients, particularly in active SLE patients,

when compared with those from healthy subjects, which

could be due to an inflammatory microenvironment in the

periphery (Table 2). In line with this observations, after

stimulation, we found a significantly increase in the fre-

quency of IL-12-producing monocytes in SLE patients with

active disease, when compared with healthy individuals,

although no significant differences were observed in the

amount of each cytokine per monocyte (Table 2).

Concerning the frequency and functional activity of

mDCs and CD14-/lowCD16? DCs, we found a significantly

statistical increase in the percentage of cytokine-producing

CD14-/lowCD16? DCs as well as in the amount of cytokine

per cell in SLE patients, particularly in those with active

disease when compared with healthy subjects (Fig. 2).

Secreted IgG, autoantibodies and antigen-containing

IgG immune complexes assume a regulatory role modu-

lating SLE, being implicated in clearance of apoptotic

bodies, a source of self immunogen and consequently

representing potent amplifiers of autoimmunity [37, 38]. In

DCs, the expression of surface receptors that mediates

phagocytosis and antibody-dependent cell-mediated cyto-

toxicity, such as FccRIII (CD16), allows them to capture

and internalize DNA/anti-DNA immune complexes. Since

monocytes and CD14-/low/CD16? DC subset display a

distinct expression pattern of FccR, their role in phagocy-

tosis will be probably different. Accordingly, our latter

observation may be due to the presence of CD16 (low-

affinity IgG receptor) and lower expression/absence of

CD64 (high-affinity IgG receptor) on CD14-/low/CD16?

DCs in opposite to monocytes, suggesting an important

role of this DC subset when immune complexes concen-

tration and apoptotic cell fragments are high, as occurs in

SLE patients, namely in those with active disease.

Regarding mDCs, we did not found statistical differ-

ences in the frequency of cytokine-producing cells and

amount of each studied cytokine per cell between SLE

patients groups and control group, excepting for the TNF-a
amount, which was significantly decreased in inactive SLE

patients when compared to control group (Table 3).

Taken together, our results suggest that in SLE patients

peripheral blood CD14-/low/CD16? DCs and in a lower

extension monocytes exhibit a different functional activity,

particularly concerning pro-inflammatory cytokine pro-

duction when responding to external challenges, which

could play a particular role in priming T-cell responses and

to the maintenance of a higher peripheral inflammatory

environment, that could be important in the development

and progression of the disease.
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