Vol. 67, No 3/2020
417–429
https://doi.org/10.18388/abp.2020_5416
Regular paper

Dendritic cells’ characteristics in patients with treated systemic
lupus erythematosus
Anna Wardowska1✉, Żaneta Smoleńska2, Katarzyna A. Lisowska3, Zbigniew Zdrojewski2 and
Michał Pikuła1
Laboratory of Tissue Engineering and Regenerative Medicine, Department of Embryology, Medical University of Gdansk, Gdańsk, Poland; 2Department of Internal Medicine, Connective Tissue Diseases and Geriatrics, Medical University of Gdansk, Gdańsk, Poland; 3Department of Pathophysiology, Medical University of Gdansk, Gdańsk, Poland
1

The systemic lupus erythematosus (SLE) is a chronic autoimmune disease related to a loss of immune tolerance
against autoantigens that leads to tissue inflammation
and organ dysfunction. Constant stimulation of dendritic
cells (DC) with autoantigens is hypothesized to increase
the B cells’ activity which are involved in production of
autoantibodies that play an essential role in the SLE development. We focused our study on detecting alterations in DCs at the cellular and molecular levels in patients with treated SLE, depending on the disease activity and treatment. In order to phenotype subpopulations
of DCs, multicolor flow cytometry was used. Transcriptional changes were identified with quantitative PCR,
while soluble cytokine receptors were assessed with the
Luminex technology. We show that SLE patients display
a higher percentage of activated myeloid DCs (mDCs)
when compared to healthy people. Both, the mDCs and
plasmacytoid DCs (pDCs) of SLE patients were characterized by changes in expression of genes associated with
their maturation, functioning and signalling, which was
especially reflected by low expression of regulatory factor ID2 and increased expression of IRF5. pDCs of SLE
patients also showed increased expression of IRF1. There
were also significant changes in the expression of APRIL,
MBD2, and E2-2 in mDCs that significantly correlated
with some serum components, i.e. anti-dsDNA antibodies or complement components. However, we did not
find any significant differences depending on the disease
activity. While the majority of available studies focuses
mainly on the role of pDCs in the disease development,
our results show significant disturbances in the functioning of mDCs in SLE patients, thus confirming mDCs’ importance in SLE pathogenesis.
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INTRODUCTION

The systemic lupus erythematosus (SLE) is a chronic
autoimmune disease related to a loss of immune tolerance against nuclear autoantigens that may lead to tissue inflammation and organ dysfunction. Even though
the complex aetiology of this immune phenomenon is
still under extensive investigation, scientists have managed to build a more concise view of SLE pathogenesis
(Honarpisheh et al., 2018). Owing to that fact, dendritic
cells (DCs) gained more interest in the autoimmunity
field due to their ability to bridge the innate and adaptive immunity systems. These cells are widely believed to
be a possible reason for the dysregulated “self − nonself” response. It has been hypothesized that the loss of
self-tolerance to ubiquitous autoantigens in SLE results
from high accessibility of these particles (Honarpisheh
et al., 2018). Continuous stimulation of dendritic cells by
autoantigens increases B cell activity, driving the autoreactive B cells to increase production of autoantibodies
and pro-inflammatory cytokines, thus exacerbating the
autoimmune process. DCs are a heterogeneous immune
cell subpopulation, with two major subsets: myeloid DCs
(mDCs) and plasmacytoid DCs (pDCs). Both subpopulations share their antigen-presenting characteristics but
differ in terms of localization, function, and phenotype
(Collin & Bigley, 2018). In SLE, mDCs present autoantigens to T lymphocytes, whereas pDCs exert their impact
on autoreactivity through production of IFN type I – a
hallmark of human SLE severity (Chan et al., 2012; Henriques et al., 2012).
The cellular and molecular aspects of mDCs and
pDCs engagement in SLE pathogenesis still remain elusive. Regardless of many years of studies on DCs’ role in
autoimmunity, gathered observations are controversial or
even contradictory (Zeuner, 2003; Yu et al., 2010; Mackern-Oberti et al., 2015). Scientists agree with the hypothesis stating that pDCs are the major and primary trigger
of SLE, due to excessive production of type I IFN and
induction of type I interferon-regulated genes (Bennett et
al., 2003; Macri et al., 2018; Sakata et al., 2018; van den
Hoogen et al., 2018). The „IFN signature” is believed
to induce hyperactivation of the immune responses and
their autoaggressive mechanisms. The importance of
pDCs is highlighted by considering them as a potential therapeutic target (Pellerin et al., 2015; Klavdianou
et al., 2020). A monoclonal antibody targeting BDCA2
– BIIB059, a pDC-specific cell surface receptor, proved
promising in treatment of skin manifestations of lupus,
as its administration decreased expression of IFN response genes and ameliorated skin infiltrations (Furie et
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al., 2019). Currently, a phase II study evaluating the safety and efficacy of BIIB059 in SLE is in progress (Klavdianou et al., 2020). It seems that the role of mDCs in
SLE induction and progression is underestimated. mDCs
massively produce proinflammatory cytokines (i.e. TNFα,
IL6, etc. ) and aberrantly present autoantigens, thus driving autoreactivity of T and B cells.
The work presented here focuses on detecting alterations in DCs at the cellular and molecular levels, depending on activity of the disease and treatment present
in SLE patients. Therefore, we analysed the frequency
and activation state of DCs subsets using cytometric and
molecular methods. We determined basic subpopulations
of dendritic cells: mDCs and pDCs, based on distinct
expression of surface receptors: CD1c, CD11c, CD123,
and CD303. Dendritic cells’ gene expression was meticulously analysed with quantitative PCR to verify mRNA
levels of genes required for their proper function and
activation. To fulfil the picture, evaluation of soluble cytokine receptors in SLE patients’ sera proved to be vital,
especially regarding receptors for pro-inflammatory cytokines and growth factors.
PATIENTS AND METHODS

Patients. Blood samples were collected from 16 systemic lupus erythematosus patients, and 8 control subjects (healthy, with no history of autoimmune diseases).
SLE patients were under monitoring and treatment at
the Department of Internal Medicine, Connective Tissue
Diseases and Geriatrics, Medical University of Gdansk,
where they were diagnosed based on updated criteria of
the American College of Rheumatology (Yu et al., 2014)
and positive results of the following immunologic parameters: anti-nuclear antibodies (ANA), anti-dsDNA

2020

antibodies, low serum levels of complement C3 and C4.
Disease activity was measured with the SLE Disease Activity Index [SLEDAI] (Gladman et al., 2002; RomeroDiaz et al., 2011). Patients were divided into groups according to the acquired points: ACTIVE SLE >6, INACTIVE SLE ≤6.
All participants were informed about the purpose of
the tests and gave their written informed consent; the
study has been approved by the Bioethics Committee for
Scientific Research (consent number KBBN/188/2012,
issued 22.05.2012) at the Medical University of Gdansk. All methods were performed by following relevant
guidelines and regulations.
Based on clinical features (Table 1), patients were
divided into two groups according to their disease activity status: – “inactive” or “remission”(n=8, SLEDAI
2±1.85, mean ±S.D.), and “active” (n=8, SLEDAI
17.5±6.82, mean ±S.D.). Patients with ACTIVE SLE
had a significantly higher level of anti-dsDNA antibodies
(3.8-fold change, p=0.0069, Mann-Whitney U test) and
lower C4 level (p=0.049, Mann-Whitney U test) when
compared with patients with INACTIVE SLE. Information about organ involvement was based on patient information collected during the examination. All of the
patients were treated with either glucocorticoids, immunosuppressants or anti-inflammatory drugs. 8 patients
with INACTIVE SLE were given glucocorticoids (e.g.
prednisone, methylprednisone, mean daily dose: 0.5–1.0
mg/kg), 3 of them were treated with immunosuppressing drugs (e.g. azathioprine, cyclosporine, mycophenolatemofetil), and 2 of them took anti-malarial drugs (e.g.
hydroxychloroquine). Patients with ACTIVE SLE were
also given various combinations of these three therapeutics: 7 patients were treated with glucocorticoids (mean
daily dose: 7.5 mg – regardless of the body weight), 6 re-

Table 1. Clinical and laboratory characteristics of individuals enrolled in this study.
ACTIVE SLE
n=8

INACTIVE SLE
n=8

Control group
n=8

Age (years)

30 (25-35,5)

44.5 (26,5-54.5)

38 (34,5-41.5)

Sex (female/male)

7/1

6/2

7/1

SLE duration (year)

7.5 (1.5-11.5)

13 (2-15.5)

-

SLEDAI (score)

16 (13-23)

2 (0-4)

-

Symptoms (organs affected):
Skin
Joints
Renal disorder
Neurologic
Immunologic
Antinuclearantibodies

6
7
5
2
8
8

6
4
4
3
7
8

-

Treatment:
Glucocorticoids
Immunosuppressant
Anti-malarial

7
6
5

8
3
2

-

Anti- dsDNA antibodies (IU/ml)

368.855
(204.425-532.575) **

96.5
(23.34-172.325)

N/A

C3 (g/l)

0.755(0.71-0.87)

0.985 (0.855-1.29)

N/A

C4 (g/l)

0.12 (0.105-0.14) *

0.2 (0.155-0.225)

N/A

WBC (10^9/l)

6.94(5-8.38)

7.62 (6.17-10.145)

N/A

Lymphocytes

1.03 (0.81-3.08)

1.49 (1.16-2.34)

N/A

CRP (mg/l)

2.175 (0.91-5.59)

2.71 (2.21-3.8)

N/A

Creatinine (mg/dl)

0.69 (0.56-0.92)

0.835 (0.57-0.92)

N/A

Data are presented as median and quartiles (25-75). Statistical significance: *p<0.05, **p<0.001 (Mann-Whitney U test) in the comparison between
active and inactive SLE. N/A – not acquired, these laboratory data were not collected for individuals from the control group.
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ceived immunosuppressants, and 5 – anti-malarial medications. None of the patients enrolled in this study were
on a biological treatment in his/her disease history.
Determination of dendritic cells’ subpopulations
with flow cytometry. Flow cytometry staining and analysis of DCs were preceded by PBMCs (peripheral blood
mononuclear cells) isolation using a Histopaque™ gradient (Sigma Chemical Co., USA). The phenotype and
activation status of both subpopulations (myeloid and
plasmacytoid) of DCs were examined. Anti-Human Lineage Cocktail 2 (Lin2) (CD3, CD14, CD19, CD20, CD56)
(BD Pharmingen, USA) was used to eliminate lymphocytes, monocytes, eosinophils, and neutrophils from the
flow cytometry analysis. Peripheral blood dendritic cells
could be then distinguished from other leukocytes by
their lack of staining with Lin2 (Lin2-). To obtain necessary data regarding DC subpopulations, the following antibodies were used: PerCP-Cy5.5-conjugated antiHLA-DR (clone LN3), PE-Cy7-conjugated anti-CD11c
(clone 3.9), APC-conjugated anti-CD1c (clone L161),
PE-conjugated anti-CD123 (clone 6H6), eFluor450-conjugated anti-CD303 (clone 201A) (eBioscience, Austria),
PE-conjugated anti-CD80 (clone HB15e), and APCconjugated anti-CD83 (clone HB15) (Becton Dickinson,
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USA). Based on the surface marker expression, the following subpopulations we identified: mDCs (HLA-DR,
CD11c, CD1c), pDCs (HLA-DR, CD123, CD303), activated mDCs (HLA-DR, CD11c, CD80hi, CD83hi), inactive mDCs (HLA-DR, CD11c, CD80lo, CD83lo).
Magnetic isolation of mDCs and pDCs. Two populations of dendritic cells were isolated with a two-step
magnetic isolation, starting from one sample of PBMCs.
Myeloid DCs were isolated by two magnetic separation
sets with CD1c (BDCA-1)+ Dendritic Cell Isolation Kit
(130-090-506, MiltenyiBiotec, USA), according to the
manufacturer’s instructions. First, B cells were depleted with CD19 MicroBeads. In the second step, CD1c
(BDCA-1)+ mDCs were indirectly magnetically labelled
with anti-CD1c (BDCA-1)-Biotin and Anti-Biotin MicroBeads in the CD19-depleted flow-through fraction.
Upon separation, the labelled CD1c (BDCA-1)+ mDCs
were retained within the column and eluted after removal of the column from the magnetic field. The unlabelled cells that were retrieved from this step were
subsequently used for further isolation of pDCs. Plasmacytoid dendritic cells were then separated with the means
of CD304 (BDCA-4/Neuropilin-1) MicroBead Kit (130090-532, MiltyneiBiotec, USA). First, the CD304+ cells

Table 2. Gene-specific primers and probe sets (Roche Assay ID) used in the experiment.
Gene symbol

Assay ID

Name (alias)

Function

HPRT1

145173

Hypoxanthine-guanine phosphoribosyltransferase

Housekeeping gene; transferase in the purine salvage pathway

PD-L1

104030

Programmed cell death 1 ligand 1
(CD274)

Surface receptor, key role in inhibition of the immune response

DNMT1

102318

DNA methyltransferase 1

Transfers methyl groups to cytosine nucleotides of genomic
DNA, maintains methylation patterns following DNA replication

ID2

102019

Inhibitor of DNA binding 2

Transcriptional regulator, an inhibitor of differentiation

IFNG

110609

Interferon-gamma

Cytokine that induces a proinflammatory reaction

IL-10

137154

Interleukin 10

Cytokine with pleiotropic effects in immunoregulation and
inflammation

IL-12A

112242

Interleukin 12 subunit alpha

Cytokine with a broad array of biological activities

IL-1A

100544

Interleukin 1 subunit alpha

Proinflammatory cytokine

IL-23A

147435

Interleukin 23 subunit alpha

Cytokine promoting cellular immunity

IL-6

144013

Interleukin 6

Cytokine functioning in inflammation and maturation of B
cells

IRF1

144798

Interferon regulatory factor 1

Transcriptional regulator, activator of genes involved in
both, the innate and acquired immune responses

IRF5

103573

Interferon regulatory factor 5

Transcription factor, immune system activator, known to
enhance SLE

IRF8

116597

Interferon regulatory factor 8

Transcription factor, regulator of B cells’ differentiation, SLE
susceptibility gene, required for DCs development

MBD2

115074

Methyl-CpG binding domain protein 2

Nuclear protein, transcription repressor of methylated gene
promoters, role in gene silencing

E2-2

112749

Transcription factor 4 (TCF4)

Transcription factor, essential to maintain pDCs phenotype

TGFB1

101210

Transforming growth factor beta 1

Multifunctional protein, regulates cell proliferation, differentiation, and growth

TNF

147880

Tumor necrosis factor (TNF alpha)

Multifunctional proinflammatory cytokine, cell proliferation,
differentiation, apoptosis, lipid metabolism, and coagulation

TNFAIP3

111227

TNF alpha-induced protein 3 (A20)

Negative regulator of the immune response, inhibits NFkappa B activation, involved in the cytokine-mediated immune and inflammatory responses

TNFSF13

111225

TNF superfamily member 13 (APRIL)

Proliferation inducing ligand, vital for survival and differentiation of B cells

TNFSF13B

104221

TNF superfamily member 13b, (BAFF)

B cell-activating factor, vital for survival and differentiation
of B cells
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Table 3. Serum concentration of soluble cytokine receptors in all study populations.
Control
(pg/ml)

SLE
(pg/ml)

INACTIVE SLE
(pg/ml)

ACTIVE SLE
(pg/ml)

sEGFR

41234.5
(39545.0-42934.0)

34580.0
(26394.0-55952.0)

38639.0 *
(31850.0-55952.0)

31922.0
(26394.0-41891.0)

sgp130

133218.0
(123345.0-143082.0)

132953.0
(72328.0-206900.0)

122417.0
(100085.0-206900.0)

138854.5
(72328.0-167595.0)

sIL-1RI

0.0

0.0

0.0

0.0

sIL-1RII

4309.0
(4120.0-4498.0)

4886.0
(690.0-8396.0)

2757.0
(690.0-8169.0)

4949.0
(1196.0-8396.0)

sIL-1Rα

322.1
(287.6-356.6)

677.0
(127.5-1550.0)

609.6
(207.0-1550.0)

722.8
(127.5-1183.0)

sIL-4R

341.1
(269.3-413.0)

397.8
(164.79-2691.0)

343.1
(294.4-741.3)

585.3
(164.79-2691.0)

sIL-6R

13673.5
(11598.0-15749.0)

16555.0
(9971.0-26788.0)

18782.0
(9971.0-26788.0)

15829.0
(12628.0-23151.0)

sRAGE

66.8
(0.0-133.6)

68.3
(16.95-265.0)

44.5
(31.7-252.3)

83.7
(16.95-265.0)

sTNFRI

705.7
(676.3-735.1)

1109.0
(507.22-2488.0)

1187.0
(979.1-1624.0)

1020.5
(507.22-2488.0)

sTNFRII

3573.5
(3299.0-3848.0)

5430.0
(2804.0-11219.0)

5430.0
(4503.0-8659.0)

5939.0
(2804.0-11219.0)

sVEGFR1

346.7
(311.5-382.0)

457.6
(0.0-2605.0)

457.6
(0.0-711.4)

265.3
(0.0-2605.0)

sVEGFR2

8051.5
(7852.0-8251.0)

8981.0
(5123.0-24480.0)

9247.0
(5123.0-24480.0)

8699.0
(5821.0-11232.0)

sVEGFR3

378.0
(352.2-403.9)

403.9
(208.82-2331.0)

403.9
(208.8-741.1)

432.0
(208.82-2331.0)

Levels of the soluble cytokine receptors in serum collected from SLE patients were assessed with the Luminex® xMAP® technology. Data were
collected by Luminex MAGPIX® Analyzer and analysed with xPONENT 4.2 software. Data are presented as median and quartiles (25-75). Statistical
significance: *p<0.05 (Mann-Whitney U test) in the comparison between active and inactive SLE.

were magnetically labelled with anti-CD304 MicroBeads.
Then, the cell suspension was loaded onto a column and
placed in the magnetic field. After removal of the column from the magnetic field, the magnetically retained
CD304+ pDCs were eluted as the positively selected cell
fraction. The purity of mDCs and pDCs, as determined
by flow cytometry, was high (>95%).
Analysis of gene expression in DCs using quantitative PCR. RNA was isolated using the miRNeasy Mini
Kit (Qiagen, Germany) according to the manufacturer’s
protocol. Quality and concentration of samples were
evaluated using an Epoch Spectrophotometer (Bio-Tek,
USA). Total RNA was reverse transcribed into cDNA
with iScript cDNA Kit (Bio-Rad, USA). For dendritic
cells, evaluation of 19 activity-associated transcripts was
conducted with Locked Nucleic Acid probes from the
Universal Probe Library – UPL (Roche GmbH Diagnostics, Germany). Real-time PCR was performed using
the LightCycler 480 Probe Master Kit (Roche Diagnostics GmbH, Mannheim, Germany) and the Light Cycler® 96 PCR System (Roche). Reactions were prepared
in a total volume of 10 μl. The cycling conditions for
UPL reactions were as follows: one cycle of 95°C for
10 min (initial denaturation), 45 cycles of 95°C for 10 s
(denaturation) and 60°C for 30 s (annealing). The rela-

tive quantification method was applied for data analysis,
and HPRT1 (hypoxanthine-guanine phosphoribosyltransferase) house-keeping gene expression was used as a
reference. Gene-specific primers and probe sets (Roche
Assay ID) used in the experiment are listed in Table 2.
Expression levels were determined by using the 2-ΔΔCt
method relative to the reference gene – HPRT1.
Determination of soluble receptors for cytokines.
For soluble cytokine receptors in the serum collected
from SLE patients, Luminex® xMAP® technology was
used. This is a powerful platform for multiplex detection
of proteins in a single biological sample. For analysis of
SLE serum, we used Human Soluble Cytokine Receptor
Magnetic Bead Panel (Merck Millipore, Germany) which
enables simultaneous quantification of the following: soluble epidermal growth factor receptor (sEGFR), soluble
glycoprotein 130 (sgp130), soluble interleukin-1 receptor
type I (sIL-1RI) and type II (sIL-1RII), soluble interleukin-2 receptor alpha (sIL-2Rα), soluble receptors for
IL-4 (sIL-4R) and IL-6 (sIL-6R), soluble receptor for advanced glycation end products (sRAGE), soluble tumour
necrosis factor receptor type I (sTNFRI) and type II
(sTNFRII), soluble vascular endothelial growth factor receptor 1 (sVEGFR1), 2 (sVEGFR2), and 3 (sVEGFR3).
Serum samples were thawed on ice. The procedure was
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Figure 1. Alterations in dendritic cell subpopulations and their activity in SLE patients.
Panel A shows representative dot plots (gated on Lin2-HLA-DR+ cells) of peripheral mDCs (CD11c+CD1c+ cells) from a healthy person
(left) and a patient with SLE (right). The graph shows comparison of mDC percentages between control group (CTRL), total number of
SLE patients and patients divided into groups based on the disease activity (INACTIVE SLE or ACTIVE SLE). Panel B shows flow cytometry
presentation of peripheral blood pDCs (CD123+CD304+ cells) of control (left) and a SLE patient (right), and comparison of percentages
of pDCs in all analysed groups. Panel C demonstrates a dot plot presentation of flow cytometry analysis of mDCs’ activation. Activated
mDCs were identified as CD80+CD83+ cells, both in the control person (left) and SLE affected patient (right). (A–C) Data were collected
with BD FACS LSRFortessa flow cytometer and analysed with FACSDiva software. Graphic presentation of the results was prepared with
FCSalyser https://sourceforge.net/projects/fcsalyzer/). Data in graphs represent individual distribution of data points and median value
per group. Significance was calculated in relation to the control group, *p<0.05, **p<0.001, ***p<0.0001 (Mann-Whitney U Test).

done according to the manufacturer’s instructions. Briefly, sera were incubated with a mixture of color-coded
beads, pre-coated with analyte-specific capture antibodies. Next, a cocktail of biotinylated detection antibodies
specific to the analyte of interest was added, followed by
the addition of phycoerythrin (PE)-conjugated streptavidin which binds to the detection antibodies. The prepared samples were read by Luminex MAGPIX® Analyzer (Merck Millipore, Germany). Data were analysed
using xPONENT 4.2 software and finally presented as
pg/ml in Table 3.
Analysis and Statistics. All flow cytometry analyses
were performed with BD FACS LSRFortessa flow cytometer (BD USA), using BD FACSDiva software (BD
Bioscience, USA). The acquisition gates were restricted
to lymphocytes based on morphological characteristics
(forward versus side scatter) and 50 000 cells were acquired and analysed. Statistical analysis was performed
using Statistica 12.0 (StatSoft Inc., Tulsa, Oklahoma,
USA). Data are presented as medians and 25-75 quartile
ranges unless otherwise stated. Comparison of parameters between all groups (control/SLE patients/INACTIVE SLE patients/ACTIVE SLE patients) was made
with the Kruskal-Wallis ANOVA test, and between two
groups with the Mann-Whitney U test. Associations between the groups were evaluated with Spearman Rank
Correlation test. Results of correlation analyses are presented as correlation coefficients. Statistical significance
was accepted when p was ≤ 0.05. Graphs were prepared
either with Statistica v.12 or GraphPad Prism 5 (GraphPad Software, La Jolla, USA).

RESULTS
Percentages of circulating DC subpopulations in
patients with SLE

The distinction between two subpopulations of dendritic cells was based on the expression of surface markers characteristic for either myeloid or plasmacytoid DCs.
Cells expressing CD3, CD14, CD19, CD20, and CD56
(Lin2+) were ruled out of the analysis, as representatives
of other immune cell compartments. The percentages of
mDCs (CD11c+CD1c+ cells) in patients with SLE, regardless of the disease activity, were comparable to the
values observed for control individuals (Fig. 1A). Even
though the percentage of pDCs (CD123+CD303+ cells)
exhibited a slight decline in SLE patients in comparison
to the control group (Fig. 1B), no significant differences
were found in the proportion of these cells between the
studied groups.
To evaluate activation and maturation of the analysed
DC subpopulations, we assessed expression of two surface proteins (CD80 and CD83), referred to as activation and antigen presentation capability markers. We observed a remarkable increase in the percentage of mDCs
with expression of both, CD80 and CD83, in all SLE
patients when compared to control subjects (p=0.043,
Mann-Whitney U test) (Fig. 1C). When taking disease
activity status into consideration, there was a significant
difference between patients with INACTIVE SLE and
control group (p=0.002, Mann-Whitney U test). At the
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Figure 2. Transcriptional changes in mDCs and pDCs in SLE.
Panel A shows a row scaled clustering heat map according to Pearson correlation of differentially expressed genes in mDCs between
control volunteers and SLE samples (left upper panel). Statistically significant changes in expression levels of IFR1, IRF5, IRF8 and ID2,
relative to HPRT (hypoxanthine-guanine phosphoribosyltransferase), were determined by qPCR (left bottom panel). Panel B shows a
heatmap of pDCs’ gene expression comparison between the control and SLE groups (right upper panel). The expression levels of IFR1,
IRF5, IRF8, and ID2, related to HPRT expression in pDCs, were determined by qPCR (right bottom panel). Heat map color-coding: green
(upregulated), red (downregulated) and black (no modulation); data are presented as median value from each of the analysed group.
Data in graphs represent individual distribution of data points and median value per group. Significance was calculated in relation to
the control group, *p<0.05, **p<0.001, ***p<0.0001 (Mann-Whitney U Test).

same time, the percentage of inactive DCs (without the
CD80 and CD83 antigens) was significantly decreased
in SLE patients when compared to healthy people
(p=0.002, Mann-Whitney U test, data not shown).
Expression of regulatory factors in mDCs and pDCs
from SLE patients

Next, we analysed gene expression of regulatory factors in both subpopulations of magnetically separated
DCs, as described in the Patients and Methods section.
We focused on a selected set of genes associated with
the generation, functioning and signalling of each DC
subpopulation (Table 2).
Analysis of the gene expression profile revealed significant changes in dendritic cells acquired from SLE patients, regardless of the disease severity (Fig. 2). Among
the upregulated transcripts were members of the interferon-regulatory factor (IRF) protein family, known as
transcriptional regulators of the type I interferon signature (Wu and Assassi, 2013). mDCs from SLE patients showed an increased expression of IRF5 (p=0.008

Mann-Whitney U test, Fig. 2A). Also, we saw an increasing trend in expression of IRF1in mDCs (Fig. 2A).
Meanwhile, pDCs from SLE patients demonstrated
upregulation of the IRF1 transcript (p=0.032, MannWhitney U test, Fig. 2B). IRF8, a transcription factor
primarily known for its role in pDC development and
function, was moderately upregulated in SLE patients
when compared to the control group (Fig. 2B). We also
noted a significant decrease in the transcript level of ID2
(inhibitor of DNA binding 2) in both subpopulations
from SLE patients (Fig. 2).
Other analysed transcripts were related to the epigenetic status of cells. Expression of TNFSF13 (APRIL)
also presented altered expression in SLE patients − it
was significantly decreased only in mDCs (p=0.013,
Mann-Whitney U test, Fig. 3). We also observed changes
in the expression profile of genes related to regulation
of the immune response. E2-2, vital for maintenance
of pDC phenotype, was significantly increased only in
mDCs from SLE patients (p=0.0003, Mann-Whitney U
test, Fig. 3).
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Figure 3. Changes in mRNA expression in mDCs from SLE patients.
Expression levels of analyzed genes are presented in relation to HPRT expression in mDCs, as determined by qPCR. Data in graphs represent individual distribution of data points and the median value per group.

DNA methyltransferase 1 (DNMT1) is essential for
propagating DNA methylation patterns during replication, while methyl CpG-binding domain 2 (MBD2) is
related to the demethylation effect (Liu et al., 2011) and
is believed to be crucial for optimal function of CD11c+
DCs. While no difference has been found in expression
of DNMT1, mDCs from SLE patients showed an increased expression of MBD2 when compared to healthy
people (p=0.024, Mann-Whitney U test, Fig. 3).
Among cytokine-related transcripts, only TGFB1 encoding an anti-inflammatory cytokine was upregulated
in mDCs (p=0.001, Mann-Whitney U test, Fig. 3), and
pDCs (p=0.002, Mann-Whitney U test, Fig. 4) from
SLE patients. The remaining group of cytokines (TNF,

IFNG, IL-10, IL-12A, IL-1A, IL-23A, IL-6) showed no
differences in gene expression between patients and control individuals (Fig. 3 and 4).
Expression of PD-L1 was significantly increased in
both, the mDCs (p=0.02, Mann-Whitney U test, Fig. 3),
and pDCs (p=0.023, Mann-Whitney U test, Fig. 4) from
SLE patients.
We also found significant correlations between gene
expression in DCs from SLE patients and levels of some
serum components, which are presented in Table 4.
Expression of the TNF gene in mDCs was negatively correlated with the C3 serum level (r=–0.67, p<0.05,
Spearman Rank Correlation test). In pDCs, it was negatively correlated with both, the C3 (r=–0.69, p<0.05,
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Figure 4. Changes in mRNA expression in pDCs from SLE patients.
Expression levels of analyzed genes are presented in relation to HPRT expression in pDCs, as determined by qPCR. Data in graphs represent individual distribution of data points and the median value per group.

Spearman Rank Correlation test) and C4 levels (r=–0.53,
p<0.05, Spearman Rank Correlation test). Expression of
the IRF5 gene in pDCs was negatively correlated with
the C4 serum level (r=–0.53, p<0.05, Spearman Rank
Correlation test). APRIL expression in mDCs was also
negatively correlated with the C4 levels (r=–0.53, p<0.05,
Spearman Rank Correlation test Table 4)
Importantly, we have found no significant differences
in gene expression between patients with ACTIVE SLE
and INACTIVE SLE. Also, presence of a treatment had
no significant influence on any of the parameters.
The serum level of anti-dsDNA antibodies was positively correlated with expression of APRIL (r=0.79,
Spearman Rank Correlation test) and BAFF (r=0.62,

p<0.05, Spearman Rank Correlation test), and negatively
correlated with ID2 (r=–0.59, p<0.05, Spearman Rank
Correlation test), MBD2 (r=–0.65, Spearman Rank Correlation test), andTGFB1 (r=–0.57, Spearman Rank Correlation test) in mDCs. The serum level of anti-dsDNA
antibodies was positively correlated with expression of
APRIL in pDCs as well (r=0.58, Spearman Rank Correlation test, Table 4). Expression of PD-L1 in pDCs was
negatively correlated with the level of anti-dsDNA antibodies (r=–0.61, Spearman Rank Correlation test).
Changes in levels of soluble receptors for cytokines

Having compared the acquired Luminex assay data
between all SLE patients and the control group, we
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Table. 4. Associations between serum components and analysed immune cell populations.
Serum component

mDC genes
APRIL

BAFF

ID2

IL–1A

IL–6

IL–10

MBD2

TGFB1

TNF

TNFAIP3

C3

–

–

–

–

–

–

–

–

–0.67

–

C4

–0.53

–

–

–

–

–

–

–

–

–

Anti–dsDNA Abs

0.79

0.62

–0.59

–

–

–

–0.65

–0.57

–

–

sIL–4R

0.61

–

–

–

–

0.63

–

–0.62

–

–

sIL–6R

–

–

–

0.77

0.63

–

–

–

–

–

sRAGE

–

–

–

–

–

–

–

–

0.70

–

sTNFRI

–

–

–

–

–

–

–

–

–

–0.62

sVEGFR2

–

–

0.58

–

–

–

–

–

–

–

sVEGFR3

–

–

–

0.57

–

–

–

–

–

–

APRIL

DNMT1

E2–2

IL–1A

IL–6

IRF5

MBD2

PD–L1

TNF

TNFAIP3

C3

–

–

–

–

–

–

–

–

–0.69

–

C4

–

–

–

–

–

–0.53

–

–

–0.53

–0.60

Anti–dsDNA Abs

0.58

–

–

–

–

–

–

–0.61

–

–

sIL–1R

0.57

–

–

0.63

–

–

–

–

–

–

sIL1R α

–

–

–

–

–

–

–

–

0.54

–

sIL–4R

–

–

0.64

–

–

0.59

0.70

–

–

–

sIL–6R

–

–

–

–

–

–

–

–

0.58

–

sVEGRF1

–

–0.52

–

–

0.62

–

–

–

–

–

sVEGFR3

–

–

–

–

0.53

–

–

–

–

–

Serum component

pDC genes

Data shown in the table are presented as the values of correlation coefficients from the Spearman Rank Correlation test (r). The table represents
only statistically significant associations between the analysed parameters (gene expression and sera proteins). The gene expression ratio was correlated with serum components shown as either g/l (C4, C4, anti-dsDNA Abs) or pg/ml (soluble cytokine receptors). Presented values are statistically significant values with p<0.05.

found no differences in serum levels of 13 soluble receptors (Table 3). Similar comparison of data for each
SLE group, ACTIVE SLE and INACTIVE SLE, with
control individuals, detected no significant differences.
Based on that we may state that regardless of the disease activity, the levels of soluble receptors for cytokines
do not differ in comparison to healthy volunteers. The
only significant dissimilarity was found in terms of the
sEGFR levels between patients with active disease and
the ones in the remission phase.
Interestingly, we found some correlations between serum levels of soluble receptors for cytokines and gene
expression in mDCs and pDCs from SLE patients (Table 4). The serum level of sIL-4R was positively correlated with APRIL (r=0.61, p<0.05, Spearman Rank
Correlation test) and IL-10 (r=0.63, p<0.05, Spearman
Rank Correlation test) gene expression in mDCs. It was
also positively correlated with E2-2 (r=0.63, p<0.05,
Spearman Rank Correlation test), IRF5 (r=0.59, p<0.05,
Spearman Rank Correlation test), and MBD2 (r=0.70,
p<0.05, Spearman Rank Correlation test, Table 4) gene
expression in pDCs.
The serum level of sIL-6R was positively correlated
with IL-1A (r=0.77, p<0.05, Spearman Rank Correlation
test) and IL-6 (r=0.63, p<0.05, Spearman Rank Correlation test) gene expression in mDCs. It was positively
correlated only with TNF gene expression in pDCs
(r=0.58, Spearman Rank Correlation test, Table 4).

A positive correlation was found between sVEGFR2
and ID2 expression in mDCs (r=0.58, p<0.05, Spearman Rank Correlation test). The level of VEGFR1 was
negatively correlated with gene expression of DNMT1
(r=–0.52, p<0.05, Spearman Rank Correlation test) and
positively correlated with IL-6 (r=0.62, p<0.05, Spearman
Rank Correlation test) in pDCs. The level of VEGFR3
was positively correlated with gene expression of IL1A (r=0.57, p<0.05, Spearman Rank Correlation test) in
mDCs, as well as with IL-6 (r=0.53, Spearman Rank Correlation test, Table 4) in pDCs.
The serum level of sRAGE was positively correlated
with gene expression of TNF in mDCs (r=0.7, p<0.05,
Spearman Rank Correlation test).
DISCUSSION

The role of dendritic cells in the development of SLE
has been widely studied. These studies focused on altered DC subset frequency and localization, overactivation of mDCs and pDCs, and functional defects in DCs,
which may help to find new therapies targeting DC. The
precise aetiology of SLE still remains unclear when we
consider its diverse clinical manifestations. While there is
an agreement that DCs play a key role in its development and there is data showing that the frequency, composition, and phenotype of DCs in SLE patients differ
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from those of healthy individuals, the results are often
conflicting (Klarquist et al., 2016). This disagreement
might be caused by the presence of many differences in
the disease activity and manifestations, the variations in
analytical parameters, and that the various drugs influence DC development and phenotype.
According to our study, the general frequencies of
mDC and pDC subpopulations were not strongly affected by the course of the disease. According to Klarquist
and others (Klarquist et al., 2016), studies revealed that
mDC frequencies can be reduced, normal, and increased
in SLE patients. Similarly, pDC levels were found to be
unaffected, decreased, or increased. Some authors show
that decreased frequencies of pDCs or mDCs are most
often associated with an active disease. It is probable that
all authors are right. First of all, it is difficult to compare
results between laboratories. Also, SLE patients recruited
by different authors differ in terms of severity of clinical
symptoms and organ involvement, not to mention the
medications used and the disease duration. All of these
factors can influence frequencies of DCs. Organ involvement is of particular importance – DCs can reside in or
be recruited into the affected tissues (Farkas et al., 2001;
Fiore et al., 2008). Thus, cells detected in the blood may
not reflect the actual proportions in lupus.
We also saw that patients presented an increased rate
of activated mDCs identified as CD80+CD83+ cells, especially those with INACTIVE SLE. CD83 is an activation marker of antigen presenting cells. Jin and others (Jin et al., 2008) demonstrated that CD83 expression decreases in mDCs from SLE patients, particularly
those with an active disease, which would suggest that
their function is impaired. However, impaired clearance
of apoptotic blebs in tissues of SLE patients induces
maturation of mDCs (Fransen et al., 2010), which would
explain, why we see higher percentage of CD80+CD83+
cells in SLE patients.
We also observed that transcription patterns in mDCs
and pDCs were affected by the disease. Moreover, subpopulation specific changes in gene expression in DCs
were also observed. These changes were in accordance
with other studies suggesting that interferon regulatory
factors play a vital role in the autoimmune dendritic cells’
dysregulation (Baccala et al., 2013; Sichien et al., 2016).
mDCs and pDCs were found to have an increased level of IRF5 mRNA, while pDCs had an additionally increased expression of IRF1, a critical signalling protein
in the interferon pathway (Zhang et al., 2015). Changes
in IRF5 and IRF1 were independent of the disease activity. Upregulation of IRFs corresponds to their role in
the development of a particular subset of dendritic cells.
Expression of IRF5, a SLE susceptibility gene (RuizLarrañaga et al., 2016) crucial for inflammatory cytokine
production (Cao & Liu, 2007), could indirectly lead to
the increased levels of soluble receptors (especially sIL1Ralpha, sIL-4R, sIL-6R, sTNFRI/II). However, we saw
no significant changes in those receptors in our study
group.
Product of the E2-2 gene is required for specific pDC
gene expression and regulates transcription of IRF8 in
this cell population (Fransen et al., 2010; Baccala et al.,
2013). Contrary, ID2 is an inhibitor of pDC development (Lin et al., 2015), probably through its ability to
block E2-2 action. In our study, the E2-2 expression
was higher in pDCs when compared to mDCs. However, only mDCs were characterized by upregulation of
E2-2 when compared to healthy controls. An increased
E2-2 expression, simultaneously with decreased expression of ID2 in mDCs which was negatively correlated
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with the level of anti-dsDNA antibodies, suggests that
both genes could be involved in an increased activity of
mDCs in SLE patients.
In our study, we observed a moderate upregulation
of MBD2 only in mDCs. Product of the MBD2 gene
is involved in the demethylation effect (Liu et al., 2011)
and is believed to be crucial for optimal functioning of
mDCs (CD11c+). Together with DNMT1, it is involved
in epigenetic mechanisms that can influence chromosomal stability and gene expression (Liu et al., 2011).
However, product of the DNMT1 gene is responsible
for maintenance of the DNA methylation pattern during cell division (Miao et al., 2014; Picascia et al., 2015).
This methylation imprint can be recognized by MBD2
(Cook et al., 2015). The MBD2 “readout” of the methylation pattern in the promoter region of the target gene
can lead to posttranscriptional modifications resulting in
changed expression of the gene (Xu et al., 2018). In SLE
patients, upregulation of MBD2 is related to enhanced
neurological complications. Literature data on neurological disorders revealed a similar transcriptional dysregulation in PBMCs from patients with secondary progressive
multiple sclerosis (Fagone et al., 2016).
In SLE, mDCs present autoantigens to T and B cells,
and stimulate production of autoantibodies and proinflammatory cytokines, thus exacerbating the autoimmune process. Also, they are one of the cells responsible for production of the B cell-activating factors, including APRIL and BAFF. BAFF promotes survival of
B cells from the transitional stage of their development
onwards. Acting at a later stage, the APRIL protein is
responsible for modulation of function and survival of
antigen-experienced B cells (Rauch et al., 2009; Samy et
al., 2017) . Therefore, both factors seem to be key players in the humoral response as the BAFF/APRIL axis is
part of the immune cell activation cascade, and if dysregulated may result in autoimmunity (Samy et al., 2017).
As we have recently demonstrated, BAFF gene expression in B cells of SLE patients is very low when compared to healthy controls, while APRIL gene expression
is higher in patients with active SLE, especially those
with renal insufficiency (Wardowska et al., 2020). In the
study presented here, we did not find any changes in
BAFF expression in DCs, however, APRIL expression
was significantly increased in mDCs, which indicates that
these cells can be an important source of APRIL. Also,
its expression was positively correlated with anti-dsDNA
antibodies and sIL-4R, and negatively correlated with the
C4 levels. Similar observations were made for BAFF,
which was also correlated with the level of anti-dsDNA
antibodies.
These results confirm the important role of mDCs related to the production of both very important proteins
involved in SLE development. In SLE, the serum BAFF
and APRIL levels are often elevated, which explains increased activity of B cells that produce autoantibodies.
This increased concentration of both proteins correlates
with the disease severity (Treamtrakanpon et al., 2012;
Salazar-Camarena et al., 2016) and the levels of pathogenic autoantibodies (Bosello et al., 2008; McCarthy et al.,
2013). Therefore, biological agents (e.g. belimumab) that
can block their activity are very useful in SLE treatment.
In a previous study, we have shown that there were no
significant differences in serum levels of BAFF in SLE
patients when compared to healthy controls, while the
APRIL levels were even significantly decreased (Wardowska et al., 2020). As we suggested earlier, it is also
possible that an increased APRIL gene expression in B
cells of SLE patients (Wardowska et al., 2020), as well as
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in mDCs, as demonstrated here, is the result of feedback
in response to urinary protein loss which is a phenomenon often described in SLE (Phatak et al., 2017).
Last but not least, we should mention the changes
in PD-L1 and TGFB1 genes that were up-regulated in
both, mDCs and pDCs. Product of PD-L1 is a ligand
for programmed death (PD)-1 receptors, which are also
studied in SLE development. According to Mozaffarian
et al. (Mozaffarian et al., 2008), both – mDCs and macrophages from patients with active SLE, fail to up-regulate PD-L1 and express this protein only during disease remissions. In our study, we saw that expression
of the PD-L1 gene is increased in mDCs, as well as in
pDCs, regardless of the disease activity. In our previous
study, we saw that PD-L1 gene expression was also increased in B cells from SLE patients with renal insufficiency (Wardowska et al., 2020). Ou et al. (Ou et al.,
2012) showed that PD-L1 expression in SLE monocytes
is regulated by opposing actions of TNF-α and TGF-β
– TNFα stimulates PD-L1 production, while TGF-β
inhibits. At the same time, these authors demonstrated
that PBMCs from SLE patients produce more TGF after stimulation than those of healthy people, while other
authors showed that TGF-β, an anti-inflammatory cytokine, is found to be decreased in SLE patients, especially those with high disease activity and organ damage
(Rashad et al., 2019). Other authors also showed that T
lymphocytes from SLE patients do not produce TGF-β1
(Kohut et al., 2009). Therefore, it seems reasonable to
conclude that it is necessary to simultaneously determine
expression of both genes in different populations of immune cells, with the parallel assessment of serum cytokines in patients with SLE.
The study presented here has its limitations related
to the therapeutic scheme and disease duration time. All
of the patients enrolled in this study have been affected
by the disease at least for 18 months. Therefore, it was
necessary to analyse whether the type of treatment could
affect the parameters studied here. Standard management
of SLE comprises of glucocorticosteroids, immunosuppressants and anti-malarial drugs in various combinations. Each of these groups interferes with the immune
system activity. Glucocorticoids are potent inhibitors
of the inflammatory processes, acting through specific
mechanisms: genomic and non-genomic, leading to the
general decrease in the immune system activity (Deng et
al., 2019). In our study, all patients except one, received
glucocorticosteroids. Therefore, we are not able to assess
to what extent they might have affected the results obtained.
Nine patients enrolled in this study also received immunosuppressing drugs (azathioprine, cyclosporine, or
mycophenolate mofetil) and seven were treated with
hydroxychloroquine (anti-malarial drugs). Immunosuppressive treatment, in general, mainly acts on the proliferating cells, such as T and B cells, and stops their differentiation and expansion. Hydroxychloroquine (HCQ)
modifies activity of the antigen-presenting cells (DCs
and monocytes) (van der Heijden et al., 2019). In the
light of given data, HCQ could have the greatest impact on our results. Nevertheless, we did not observe
any significant changes in patients treated with HCQ.
Probably, HCQ itself does not influence the phenotype
of DCs or the gene transcription. Its activity is mainly
related to the ability to increase the intracytoplasmic pH
and to thereby preventing acidification and maturation
of endosomes, which results in impaired production of
TNF and IFN (Sacre et al., 2012).
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Also, we actually did not find any relationship between the disease activity and the parameters studied.
This may mean that the treatment used has no effect on
the expression of most genes, even in the case of glucocorticoids themselves whose activity is associated with
transcription modulation in many cells.
In summary, the above results confirm significant disturbances in the functioning of mDCs in SLE. While
majority of authors pay more attention to the role of
pDCs in the disease development through increased IFN
production, greater activation of mDCs is important for
presentation of the autoantigens. In our study, expression of many genes in mDCs, including APRIL, E2-2,
MBD2 or PD-L1, was not only significantly increased in
SLE patients, but it was also correlated with anti-dsDNA
antibody concentrations, complement components and
soluble receptors for many cytokines. We are aware that
the study group was not numerous. However, in many
cases, significant differences in the selected parameters
between the SLE patients and healthy people suggest
that we need to continue molecular studies of mDCs
and pDCs cells not only to understand their role in SLE
development, but also to find new biological drugs. In
the future, a study with larger groups should allow to
find more relationships between gene expression in dendritic cells and clinical manifestations of the disease.
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