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Abstract. TLR4-mediated inflammatory responses are important for innate immune functions,
thus their alterations may participate in the pathogenesis of rheumatoid arthritis (RA). Cortisol
is one of the most potent immunomodulatory hormones involved in control of inflammation. In
this study, we analyzed TLR4-mediated responses and cortisol effects on the process in peripheral
blood mononuclear cells (PBMC) from RA patients. Lipopolysaccharide-stimulated PBMC from 23
female patients and 15 healthy controls were cultured in the presence or absence of cortisol (1 pM)
for 24 h. A panel of 17 inflammatory cytokines was analyzed in the cell culture supernatants. Higher
(p < 0.05) concentrations of IL-6, IL-17 and MCP-1 were found in lipopolysaccharide-stimulated
PBMC from RA patients compared to controls. After normalization of stimulated cytokine secre-
tion to unstimulated cells, a significantly higher (p < 0.05) IL-6 and G-CSF production was found
in RA PBMC. Cortisol induced stronger (p < 0.05) suppression of lipopolysaccharide-stimulated
secretion of IL-1p, IL-6, IL-17 and G-CSF in RA group compared to controls. The observed higher
production of the key inflammatory cytokines by RA PBMC to lipopolysaccharide stimulation
supports involvement of TLR4-mediated processes in RA pathogenesis. The higher sensitivity of
LPS-stimulated RA PBMC to immunosuppressive effects of cortisol may reflect adaptive processes
to chronic inflammation.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory
disease characterized by persistent joint inflammation
with concomitant cartilage and bone destruction. Despite
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intensive research, many features of the immunopathol-
ogy of RA are yet to be explored. Although the inflam-
mation occurs primarily in the joint synovium in RA,
peripheral blood monocytes and lymphocytes are actively
recruited from the circulation to the sites of inflamma-
tion. Conversely, cytokines and chemokines released from
affected tissues, modulate functional status of peripheral
blood mononuclear cells (PBMC) indicating a complex
involvement of the PBMC pool in the disease onset and
progression.
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Several inflammatory cytokines such as tumor necrosis
factor a (TNF-a), interleukin (IL) 6, IL-1p and IL-17 are
considered crucial in the RA pathogenesis by promoting
autoimmunity, maintaining chronic inflammatory synovitis,
and by driving the destruction of adjacent join tissue (Smo-
len and Steiner 2003). The circulating levels of cytokines
not only correlate with RA activity, but their increased
concentrations can be detected years before the onset of RA
symptoms (Jorgensen et al. 2008). RA is characterized by
a marked shift towards a T helper (Th) 1 phenotype, which
has been described as proinflammatory, with overproduc-
tion of interferon y (IFN-y) and inadequate production of
Th2 cytokines such as IL-4 and IL-13 (Schulze-Koops and
Kalden 2001). The Th1/Th2 imbalance paradigm in RA
was, however, recently refined by the identification of the
Th17 and T regulatory (Treg) subsets (Boissier et al. 2008).
The presence of Th17 cells in synovial fluid and peripheral
blood of patients with RA suggests an involvement of this
potent proinflammatory cytokine in RA pathology (Shah-
rara et al. 2008). Additionally, the ubiquitous expression of
IL-17 receptor on fibroblasts, endothelial cells, epithelial
cells and neutrophils indicates a potential of this cytokine to
influence a number of effector cells and pathways involved
in RA (Kolls and Linden 2004). Therefore, the cytokines
join the immuno-regulatory and tissue-destructive events
underlying the clinical presentation and progression of the
disease. A dysregulation of the complex cytokine network,
preventing normal resolution of inflammation, could be, in
part, one of the major mechanisms of chronic inflammation
onset and/or persistence in RA.

Several factors have been suggested to trigger local and
systemic inflammatory reactions, including microbes and
their products (Krause et al. 1996). Products of invading
microbes may activate inflammatory cells via Toll-like re-
ceptors (TLRs), which lead to immune and inflammatory
responses. TLRs expressed on monocytes, macrophages and
neutrophils play a fundamental role in pathogen recogni-
tion and activation of innate immunity by production of
cytokines necessary for the development of effective down-
stream immune responses. Recently, it has been shown that
several endogenous molecules such as heat shock proteins,
fragmentation products of fibronectin and hyaluronic
acid can also trigger an inflammatory response via TLR2
and TLR4 (Kawai and Akira 2010). Activation of TLR4
was found to be important for the survival of pathogenic
Th17 cells through induction of IL-23 production by den-
dritic cells suggesting an involvement in RA pathogenesis
(Vanden Eijnden et al. 2006). The role of TLR4 signaling
in RA synovium has been well recognized, and recently,
TLR4 has been considered a target for RA therapy due to
its potential to regulate a number of pathogenic cytokines
including IL-17 in mouse model of arthritis (Abdollahi-
Roodsaz et al. 2008).

Glucocorticoids are hormones with potent immunomod-
ulating properties, which can be regarded as antiinflam-
matory in supraphysiologic concentrations (approximately
1 uM). Supraphysiologic concentrations have been widely
exploited both as a clinical therapy in RA and as a tool
for understanding the mechanisms of endocrine-immune
interactions (Imrich et al. 2010). Adrenal production of
cortisol, the main glucocorticoid, is tightly regulated by
a negative feedback loop within the hypothalamic-pi-
tuitary-adrenal (HPA) axis, and some stressors including
acute systemic inflammation can activate the axis leading
to increased serum cortisol concentration (Tsigos et al.
1999). Cortisol also regulates expression of several genes
involved in immune response affecting production of many
cytokines, chemokines, transcription factors and TLRs
(Maurer et al. 2001; Galon et al. 2002; Harikai et al. 2012).
It has been shown that immunomodulating properties
of glucocorticoids depend on their actual concentration
(Stahn et al. 2007), thus a delicate balance between cortisol
at physiological conditions and during stress is crucial for
an adequate control of immune response. Interestingly, in
patients with chronic inflammatory diseases such as RA,
adrenal function appears to be inappropriately low for given
degree of inflammation (Imrich et al. 2010) suggesting ei-
ther an intrinsic relative insufficiency or an adaptation to
chronic inflammation at the level of the neuroendocrine
system; however, the similar adaptation can be anticipated
also in the immune cells.

In this study we tested the hypothesis that PBMC re-
sponses to TLR4-mediated stimulation are characterized
by a specific cytokine pattern in RA patients, which may
participate in the disease onset and/or persistence. Therefore,
we analyzed a panel of pro- and anti-inflammatory cytokines
produced by isolated PBMC before and after stimulation
with lipopolysaccharide (LPS) in RA patients and matched
healthy controls. The second point we were interested in, was
cortisol effects on LPS-stimulated cytokine production by
PBMC, which may reflect how the TLR4-mediated stimula-
tion of PBMC is affected by glucocorticoids.

Materials and Methods

Patients

Twenty-three (n = 23) female patients fulfilling the 2010
ACR-EULAR classification criteria for RA were included in
the study (Aletaha et al. 2010). The patients were recruited
from the National Institute of Rheumatic Diseases, Piestany,
Slovak Republic. Fifteen (n = 15) healthy female subjects
with similar age and body mass index served as controls.
Basic characteristics of all subjects enrolled in the study
are summarized in Table 1. All the studied subjects were
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Table 1. Basic characteristics of RA patients and controls, number of patients on respective treatment, concentrations of C-reactive

protein (CRP) and inflammatory cytokines in serum

controls RA patients RA GC* RA GC~

(n=15) (n=23) (n=12) (n=11)
Age (years) 299+1.3 30.5+1.2 316 1.7 295+ 1.6
Body mass index (kg/m?) 21.6£0.5 21.5+0.6 21.6 £0.7 21.5+0.9
Disease duration (years) - 7.4 +0.7 6.5+ 0.5 83+1.3
DAS28 - 34+0.2 34x13 3.1+09
Glucocorticoid treatment - 12 12 -
NSAID treatment - 21 12 10
Methotrexate treatment - 19 9 11
CRP (mg/l) 1.2+0.9 7.4 + 2.9 11.7 £ 5.7%%* 3.26 + 1.06*
IL-6 (pg/ml) 1.4+£0.5 18.9 £ 6.0** 31.12 £10.82%** 6.80 + 2.15**
IL-8 (pg/ml) 2.23+0.8 5.7 £2.5%%* 8.60 + 4.96*** 2.84+0.20
IFN-y (pg/ml) 213+14 17.4 + 11.0* 30.97 £ 21.60* 3.84+2.15
TNF-a (pg/ml) 0.6+0.3 139+ 11.4* 26.80 + 22.68*** 1.10 £ 0.63

Disease activity score 28 (DAS28) was calculated using number of swollen joints, number of tender joints and plasma CRP. IL, interleukin;
NSAID, nonsteroidal anti-inflammatory drug; RA GC*, glucocorticoid treatment; RA GC~, without glucocorticoid treatment; TNF-a,
tumor necrosis factor a. * p < 0.05; ** p < 0.01; *** p < 0.001 RA vs. controls; * p < 0.05 RA GC* vs. RA GC".

non-smokers, had negative history of endocrine disor-
ders, diabetes or impaired glucose tolerance, age limit was
18-40 years, BMI limit was 18-25 kg/m?. The last dose of
the medicaments was administered 24 hours prior to the
investigation. Twelve patients used low-dose glucocorticoids
treatment (less than 8.5 mg of prednisone or equivalent
per day). RA activity was quantified as the disease activity
score 28 (DAS28) with three variables i.e. number of swol-
len joints, number of tender joints and plasma C-reactive
protein (CRP) concentration using an online calculator
http://www.das-score.nl/dasculators.html. Eight (n = 8)
RA patients had low (DAS28-CRP < 3.2), fourteen (n = 14)
patients had moderate (DAS28-CRP > 3.2 and < 5.1), and
one (n = 1) patient had high (DAS28-CRP > 5.1) disease ac-
tivity. Patients with moderate and high disease activity were
considered a single RA subgroup. All subjects gave informed
written consent and the study was approved by the Ethics
Committee of the National Institute of Rheumatic Diseases,
Piestany, Slovakia in agreement with the ethical guidelines
of the Declaration of Helsinki as revised in 2000.

Cell isolation

Whole blood from RA patients and healthy volunteers was
collected in heparin-containing tubes. PBMC were isolated
by density gradient centrifugation using lymphocyte sepa-
ration medium (LSM 1077, PAA, Pasching, Austria) and
washed three times with RPMI 1640 (Gibco (Invitrogen),
Carlsbad, CA, USA). After determination of cell number in
counting chamber, PBMC were resuspended in complete
medium (RPMI 1640, 10% Fetal Bovine Serum (Gibco

(Invitrogen), Carlsbad, CA, USA), 100 IU/ml penicillin,
100 pg/ml streptomycin (both Sigma-Aldrich, St. Louis,
MO, USA)). Cells were cultivated in 24-well cell culture
plates (Sarstedt AG & Co, Niimbrecht, Germany) in 0.6 ml
of suspension at final concentration 2 x 10° cells/ml.

Culture conditions

Cells were kept unstimulated or were stimulated by LPS
(Sigma-Aldrich, St. Louis, MO, USA) in concentration 0.5
pg/ml, both conditions were cultured with or without added
cortisol in final concentration 1 pM (Sigma-Aldrich, St. Lou-
is, MO, USA), resulting in four different conditions. All cases
were set in fourplicates. After 24 h of incubation at 37°C/5%
CO; culture media were collected and centrifuged, cell-free
supernatants were kept frozen at -80°C until analyzed.

Cytokine analysis

For measurement of serum levels of cytokines, blood was
drawn into polyethylene tubes; after clotting at room tem-
perature for about 60 min, the blood was centrifuged and
the supernatant was stored at -20°C until assayed. Levels of
cytokines in culture media were measured using Bio-Plex
Human Cytokine 17-plex panel kit (Bio-Rad, Hercules, CA,
USA). Supernatants were analyzed simultaneously for the
following 17 cytokines: IL-1p, IL-2, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-10, IL-12 (p70), IL-13, IL-17, granulocyte colony-
stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), interferon-y (IFN-y),
monocyte chemoattractant protein-1 (MCP-1), macrophage


http://www.das-score.nl/dasculators.html
http://www.das-score.nl/dasculators.html

398

Chovanova et al.

inflammatory protein-1p (MIP-1p), and TNF-a. Five out of
17 cytokines of the panel were excluded from the analysis
because of measured levels being below (IL-2, IL-5, IL-7
and GM-CSF) or above the detection limit (MIP-1p). Serum
levels of IL-1f, IL-4, IL-6, IL-8, IL-10, IFN-y and TNF-a
were determined by multiplex bead assay (Bio-Plex Hu-
man Cytokine 8-plex panel; Bio-Rad, Hercules, CA, USA).
Serum CRP was measured by immunoturbidimetric assay
on automated biochemistry analyzer (Hitachi 917, Roche
Diagnostics, Basel, Switzerland).

Statistical analysis

Statistical analysis of obtained data was performed using
SPSSv11.5 software (SPSS Inc., Chicago, IL, USA). Measured
parameters were compared by paired and unpaired T-test
or Mann-Whitney test and Wilcoxon test according to data
distribution. Spearman’s correlation was used to analyze
relations between variables. p < 0.05 was considered statisti-
cally significant.

Results

Serum levels of cytokines in RA patients and healthy individuals

Significantly (p < 0.05) higher CRP, IL-6, IL-8, IFN-y and
TNF-a levels were found in sera of patients with RA com-
pared to the control group (Table 1). The levels of serum
IL-6 significantly (p < 0.05) correlated with CRP levels in
both study groups. A positive correlation between serum
IL-6 and DAS28 (r = 0.655, p < 0.05) and between serum
IFN-y and the presence of low-dose glucocorticoid treat-
ment (r = 0.435, p < 0.05) was found in RA patients. The
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serum levels of IL-6 correlated with serum levels of IFN-y
(r=0.650, p < 0.05) and TNF-a (r = 0.542, p < 0.05) in
patients but not controls (Fig. 1).

LPS-stimulated cytokine production

The only observed difference between cytokine secretion by
unstimulated PBMC in RA patients compared to controls
was the significantly (p < 0.05) higher concentration of
IL-12 (10.4 vs. 8.1 pg/ml, respectively) and MCP-1 (791.5
vs. 488.2 pg/ml, respectively). The addition of LPS to cell
culture medium significantly (p < 0.05) increased produc-
tion of IL-1pB, IL-6, IL-10, IL-17, IFN-y, TNF-a, G-CSF
and IL-4 cytokines, but not IL-8, IL-12 and IL-13 in RA
patients. In control group, a significant (p < 0.05) increase
of IL-1f, IL-10, IL-17, IFN-y, TNF-a and IL-4, but not IL-6,
IL-8,IL-12, IL-13 and G-CSF was observed. A significantly
(p < 0.05) higher concentrations of IL-6, IL-17 and MCP-1
were found in LPS-stimulated PBMC from RA patients
compared to those from healthy controls (Table 2). When
LPS-stimulated cytokine concentrations were normalized to
unstimulated ones, a significantly (p < 0.05) greater increase
in IL-6 and G-CSF levels were found in RA patients than in
healthy subjects.

Cortisol effects on cytokine production

The addition of cortisol to unstimulated PBMC caused
a significant decrease (p < 0.05) in levels of IL-1f, IL-6, IL-
10, IL-17, IFN-y, TNF-a and IL-4 in both groups, with the
exception of IL-13, G-CSF and MCP-1 in RA patients and
IL-8,1L-12,1L-13, G-CSF and MCP-1 in controls (Fig. 2). In
LPS-stimulated cells, the presence of cortisol suppressed the
production of IL-1f, IL-6,IL-10, IL-12,1L-17, IEN-y, TNF-a
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Figure 1. The correlation between baseline serum IL-6 levels and DAS28 and CRP. The logarytmic transformation of serum cytokine
levels was used. Open circles refer to GC™ patients; closed circles refer to GC* patients. r, correlation coefficient.
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Table 2. Production of cytokines IL-6, IL-17 and MCP-1 in the absence and presence of LPS in RA patients and controls

Mean differences

Cytokines Baseline Stimulation after stimulation (%)
IL-6 (pg/ml)
CN 7936.7 + 984.2 7712.1 + 931 -224.6 (-2.8)
RA 8887.5 + 1290.7 11550.3 + 1339.6** 2662.8 (29.9)
RA-CN difference (Units) 950.8 3838.2 2887.4 (303.7)
RA-CN difference (%) 11.9 49.8 37.9
IL-17 (pg/ml)
CN 18.9 £ 0.63 20.9 + 1.04* 2.0 (10.6)
RA 20.3 £ 0.62 23.9 +0.82*F 3.6 (14.4)
RA-CN difference (Units) 1.4 3.0 1.6 (14.3)
RA-CN difference (%) 7.4 14.4 7.0
MCP-1 (pg/ml)
CN 488.2 + 66.5 231.5+27.4" -256.7(-52.6)
RA 791.5 + 84.4* 407.5 + 38.6* -384.0 (-48.5)
RA-CN difference (Units) 303.3 176.0 -127.3 (-41.9)
RA-CN difference (%) 62.1 76.0 13.9

Data are expressed as a concentration of particular cytokine in culture media + SE. * p < 0.05 RA vs. Controls; * p < 0.05 LPS stimu-
lated vs. baseline level. CN, control; IL, interleukin; LPS, lipopolysacharide; MCP, monocyte chemoattractant protein; RA, rheumatoid

arthritis.

and IL-4 cytokines, but not IL-8, IL-13, MCP-1 and G-CSF
in both groups. The levels of G-CSF increased significantly
(p <0.05) after addition of cortisol to unstimulated cells from
RA patients and controls. Cortisol induced significantly (p <
0.05) stronger suppression of LPS-stimulated secretion of
IL-1p, IL-6, IL-17 and G-CSF in RA patient compared to
controls.

RA activity and glucocorticoid treatment effects on cytokine
production

There was no significant difference between patients with
low and moderate disease activity in the concentrations of
cytokines produced by PBMC with respect to presence/ab-
sence of LPS or the presence/absence of cortisol. A negative
correlation was found between DAS28 and cortisol-induced
suppression of IL-1f (r = 0.423, p < 0.05), IL-4 (r = 0.651,
p <0.05), IFN-y (r = 0.517, p < 0.05) and G-CSF (r = 0.438,
p < 0.05) secretion by LPS-stimulated PBMC (Fig. 3). We
did not find any difference in cytokine responses to LPS
stimulation or cortisol suppression in relation to the low-
dose glucocorticoid treatment in RA patients.

Discussion

The imbalance between pro- and anti-inflammatory
cytokines is a key concept in initiation and progression
of RA (McInnes and Schett 2007). In our study, we ana-
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Figure 2. The effect of cortisol on cytokine production by unstimu-
lated (A) and LPS-stimulated (B) PBMC. Data are expressed as
a percentage of (A) basal production and (B) LPS-induced cytokine
production represented by solid reference lines. Bars represent cy-
tokine levels produced in the presence of cortisol in control group
(CN; white bars) and RA patients (RA; grey bars); * p < 0.05.
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Figure 3. The correlation between DAS28 and the change of production of IL-1f (A), IL-4 (B), IFN-y (C) and G-CSF (D) by LPS-stimu-
lated PBMC from RA patients induced by cortisol. Open circles refer to GC™ patients with glucocorticoid therapy; closed circles refer
to GC* patients without glucocorticoid therapy; Y axis represents DAS28 values, X axis represents the percentage of change in cytokine

production induced by cortisol. r, correlation coefficient.

lyzed a pattern of cytokines production by PBMC from
RA patients in response to LPS stimulation. The main
finding of our study is that LPS-stimulated PBMC from
RA patients produced significantly more IL-6, IL-17 and
MCP-1 (Fig. 1). An increase of IL-6 secretion by PBMC
after LPS stimulation was reported previously (Kowalski
et al. 2008). Also, an increased production of IL-17 by
LPS-stimulated whole blood cultures from RA patients
has been reported recently (Zivojinovic et al. 2012).
A dysregulation or overproduction of IL-6 has been rec-
ognized as one of the hallmarks of several autoimmune
diseases including RA (Kimura and Kishimoto 2010).
Also, IL-17 producing Th17 cells are considered one of
the key players in the RA pathogenesis. Both cytokines
are functionally closely interlinked, since IL-6 together

with transforming growth factor beta (TGF-P) induces
the development of Th17 cells from naive T cells. On the
other hand, IL-6 inhibits TGF-B-induced Treg differen-
tiation (Bettelli et al. 2006). Thus, our finding provides
important evidence supporting the concept of IL-6/IL-17
involvement in RA pathogenesis in the setting of TLR4-
mediated immune functions.

The design of our study did not allow us to determine
whether or not the observed increased cytokine response to
LPS-stimulation reflects an upregulated secretion by a spe-
cific PBMC subset. However, we can assume a substantial
contribution of Th17 cells into the total measurable IL-17
in our experiment. Alternatively, a higher proportion of IL-
17 producing cells in RA PBMC can explain our findings.
Data about the percentage of circulating Th17 cells in RA are
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inconsistent showing unchanged (Yamada et al. 2008) and
increased numbers of Th17 cells (Chen et al. 2012; Samson
etal. 2012).

LPS is a TLR4 ligand and probably the most frequent
stimulus of the innate immune system (Sabroe et al. 2002).
During cell contact with LPS, TLR4 interacts with CD14
forming a receptor complex, and activates second mes-
senger and signal transduction pathways. As a result, LPS
triggers a wide variety of cellular responses, including
the production of cytokines and chemokines (Yang et al.
1998). RA synoviocytes were found to secrete IL-6 and
metalloproteinases in response to LPS, supporting a strong
proiflammatory and joint destructing role of TLR4 signal-
ing (Brentano et al. 2009). TLR3 and TLR4 were found to
be overexpressed in RA synovial fibroblasts, which can
result in persistent inflammation and joint destruction in
RA (Ospelt et al. 2008). Implications of TLR4 signaling for
the PBMC pool is, however, less clear with regard to RA
pathogenesis. PBMC from patients with newly diagnosed
RA spontaneously generated significantly smaller amounts
of IL-6 and TNF-a as compared to monocytes from os-
teoarthritis patients or healthy subjects and stimulation
with LPS resulted in dramatically higher augmentation
of cytokine production in cells from RA patients as com-
pared to the other two groups (Kowalski et al. 2008). The
observed higher responsiveness of monocytes from RA
subjects to LPS as compared to healthy controls in our
study could be explained by increased expression of TLR4
receptors on cell surface as found by other authors (Huang
et al. 2007). Although the TLR4 detection on cell surface
was not included in our experiments, we suggest that pre-
sented results support the putative role of TLR4 receptors
in the development of inflammatory responses and that
circulating inflammatory cells exhibit higher tendency
to generation of proinflammatory cytokines after TLR4
stimulation in RA.

In order to overcome relatively high interindividual
variability in LPS-stimulated cytokine production, we also
analyzed the responses in relation to LPS-untreated cells. Our
results showed that PBMC from RA patients responded to
LPS with a higher production of IL-6 and G-CSF indicating
that the latter cytokine can also be involved in altered LPS-
mediated immune responses in RA.

Surprisingly, we did not find any differences in pro-
portion of Th1 and Th2 cytokines in our study. IFN-y is
mainly secreted by Th1 cells, whereas Th2 cells generally
produce IL-4 and IL-10. Several studies have reported
a preferential activation of Thl cells in rheumatoid syn-
ovium, suggesting that Th1 rather than Th2 cytokines are
involved in the pathogenesis of the disease (Dolhain et
al. 1996; Park et al. 2001). Our results, however, do not
support the proposed shift to Th1 response in PBMC after
stimulation with LPS. Further studies of TLR-mediated

immune function in RA are required to analyze precise
mechanisms of the changes in cytokine pattern observed
in our experiments.

DAS28 is a clinically important proxy for actual inflam-
matory status in RA. Our present results indicate that RA
activity, as measured by CRP-derived DAS28, can have
a significant impact on ex vivo PBMC responses (Fig. 3).
A positive correlation between DAS28 and serum IL-17
synovial fluid levels was reported by other authors (Chen
et al. 2012; Rosu et al. 2012). The decrease in DAS28 was
also associated with decrease in the percentage of Th17
cells and increased percentage of Tregs after treatment with
tocilizumab, which is in line with the potential role of this
PBMC subset in pathogenesis of RA (Samson et al. 2012).
In the present study, we also attempted to correlate serum
concentrations of specific cytokines with their production
ex vivo by PBMC. Despite the fact that RA patients had
significantly elevated levels of proinflammatory IL-6, IL-8,
IFN-y and TNF-a in serum as anticipated during chronic
inflammation (Hueber et al. 2007; Chen et al. 2011; Chung
et al. 2011), we did not find any relationship between the
serum levels and ex vivo production.

The second aim of this study was to evaluate the immu-
nomodulatory effect of cortisol on cytokine production by
PBMC. Immune processes during inflammatory response
are regulated by many intrinsic factors including stress
hormones such as cortisol, affecting many immune proc-
esses e.g. T cell differentiation, chemokine and antibody
production. One of the major effects of cortisol appears
to be on differentiation of Th cells, shifting the immune
response towards Th2 cytokine profile (Daynes and Araneo
1989; Moynihan et al. 1998). The dose of cortisol used in
our experiments was comparable to those achieved during
intense stress response. Similar concentrations were used
previously to demonstrate immunomodulatory effects of
corticosteroids in vitro (Uchakin et al. 2002). In the present
study, we observed a stronger suppression of IL-1p, IL-6,
IL-17, and G-CSF production by RA cells compared to
those from controls (Fig. 2). Moreover, degree of IL-1, IL-
4, IFN-y and G-CSF suppression correlated with DAS28,
meaning greater suppression in patients with higher dis-
ease activity (Fig. 3). These results indicate a tendency to
increased sensitivity of RA PBMC to cytokine-suppressive
effects of cortisol. A possible explanation for the findings
could be an adaptation to persistent inflammation at the
level of immune cells in RA, based on previous findings of
our group and others showing a subtle HPA dysfunction
in RA. However, cortisol secretion appears to be intact
in RA patients (Straub et al. 2002; Rovensky et al. 2004;
Eijsbouts et al. 2005; Imrich and Rovensky 2010). An al-
tered expression of glucocorticoid receptors or regulation
of other components of the related downstream signaling
pathways could also be considered.
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Our study has several limitations; first, the cytokine panel
analysis did not allow us to determine which cell subset
overproduced the particular cytokine. The cell subset analy-
sis would be very informative especially considering IL-17
involvement in RA pathogenesis. Second, the TLR4 and GR
receptor expressions would provide better understanding of
LPS and cortisol actions in the present setting. These ques-
tions deserve to be addressed in future studies.

In conclusion, our study demonstrates higher responses
of key cytokines such as IL-6 and IL-17 from RA PBMC in
response to TLR4-mediated stimulation. LPS-stimulated
PBMC from more active RA patients had higher sensitivity
to suppressive effects of cortisol suggesting a presence of
adaptive changes to chronic inflammation in the immune
system.
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