76

Alergia Astma Immunologia 2021, 26 (2-3): 76-80

The influence of anti-inflammatory lipoxin A4
on generation of cytokines by peripheral blood
mononuclear cells of patients with psoriatic arthritis
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Summary

Background: Up to 40% of patients with psoriasis suffer from pso-
riatic arthritis (PsA), an underrecognized inflammatory arthropathy
of incompletely understood pathogenesis. PsA affects axial joints,
surrounding ligaments, tendons and entheses. One hypothesis links
repeated microinjuries with disorders of inflammation resolution me-
chanisms that lead to chronic inflammation, which spreads to surro-
unding tissues. An example of the mediators which lead to resolution
of inflammation in physiological conditions are derivatives of arachi-
donic acid — lipoxins.

Objectives: The aim of the study was to compare if the influence
of lipoxin A4 on the synthesis of pro-inflammatory cytokines by peri-
pheral blood mononuclear cells (PBMCs) isolated from peripheral blo-
od of patients with PsA and healthy individuals.

Methods: 10 patients with PsA and 5 matching healthy controls were
enrolled in the study. PBMSc were isolated by gradient-density cen-
trifugation technique and incubated with lipopolysaccharide with or
without the addition of lipoxin A4 for 24 hours. The levels of IL-1B,
IFN-a, IFN-y, TNFa, MCP-1, IL-6, IL-8, IL-10, IL-17, IL-12, IL-18, IL-23 and
IL-33 in cell culture supernatants were quantified by cytometric bead
array system.

Results: Incubation of PBMCs with LPS, increased production of all
cytokines assessed either in patients with psoriatic arthritis or in heal-
thy controls. In PBMCs from healthy controls incubation of cells with
lipoxine A4 decrease production of proinflammatory cytokines. Howe-
ver, in patients with psoriatic arthritis addition of lipoxine A4 did not
inhibited LPS — induced proinflammatory cytokines release.

Conclusions: The anti-inflammatory effect of lipoxin A4 is reversed in
PsA PBMCs, supporting the hypothesis of defective resolution of in-
flammation in the pathogenesis of PsA.
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Streszczenie

Wprowadzenie: Patogeneza tuszczycowego zapalenie stawow (tZS),
ktore wystepuje u ok. 40% pacjentéw chorych na tuszczyce, jest nie do
konca poznana i wyjasniona. tZS obejmuje stawy osiowe (kregostup
i stawy krzyzowo-biodrowe), stawy obwodowe, wiezadta, Sciegna i przy-
czepy Sciegniste. Jedna z hipotez moéwi, ze powtarzajace sie mikrourazy
oraz uposledzenie mechanizmoéw rezolucji procesu zapalnego, prowadzi
do przewlektego zapalenia, ktére obejmuje otaczajace tkanki. Do me-
diatoréw, prowadzacych do ustapienia stanu zapalnego w warunkach
fizjologicznych naleza lipoksyny pochodzace z kwasu arachidonowego.
Cel pracy: Celem pracy byto poréwnanie wptywu lipoksyny A4 na syn-
teze cytokin prozapalnych przez komérki jednojadrowe krwi obwodowej
(PBMC) izolowane z krwi obwodowej pacjentéw chorych na tZS i osob
zdrowych.

Metody: Do badania wiaczono 10 pacjentow chorych na tuszczyco-
we zapalenie stawow oraz 5 oséb zdrowych. Komorki jednojadrowe
krwi obwodowej izolowano technika wirowania w gradiencie gestosci,
a nastepnie inkubowano z lipopolisacharydem Escherichia coli 0111:B4
z dodatkiem lub bez lipoksyny A4 przez 24 godziny. Poziomy IL-18,
IFN-a, IFN-y, TNFo, MCP-1, IL-6, IL-8, IL-10, IL-17, IL-12, IL-18, IL-23 i IL -33
w supernatantach hodowli komérkowej oznaczono metoda cytometrii
przeptywowej.

Wyniki: Inkubacja PBMC z LPS zwiekszata produkcje wszystkich cy-
tokin zaréwno u pacjentéw z tuszczycowym zapaleniem stawdéw
i 0s6b zdrowych. W PBMC os6b zdrowych inkubacja komérek z lipoksyna
A4 zmniejszata wytwarzanie cytokin prozapalnych. Jednak u pacjentéw
z tuszczycowym zapaleniem stawéw dodanie lipoksyny A4 nie hamowa-
to indukowanego przez LPS uwalniania cytokin prozapalnych.

Whioski: Przeciwzapalne dziatanie lipoksyny A4 jest odwrécone w PBMIC
u chorych na tZS, co potwierdza hipoteze o zaburzeniach rezolucji zapa-
lenia w patogenezie tZS.

Stowa kluczowe: fuszczycowe zapalenie stawdw, lipoksyna A4, kwas
arachidonowy
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Introduction

Psoriasis is a chronic, immune-mediated disorder cha-
racterised by systemic inflammation and substantial co-
morbidity burden. One of the most prevalent comorbi-
dities is psoriatic arthritis (PsA), affecting between 0.05%
and 0.25% of the global population and up to 40% of pa-
tients with skin psoriasis. [1] PsA is classified as seronega-
tive spondyloarthritis and it comprises a variety of manife-
stations, including inflammatory back pain, asymmetrical
peripheral arthritis, enthesitis and dactylitis. The chronic in-
flammatory process affects joints, ligaments, tendons and
entheses and may lead to mutilation. [2]

Although PsA is one of the most prevalent inflamma-
tory arthritides, the pathogenesis of the disease in not
entirely understood. Genetic susceptibility, environmental
and immunological factors are implied to play a role in the
development of PsA. [3] High clinical heterogeneity of the
disease (5 clinical subtypes which often overlap) and lack
of specific autoantibodies or other diagnostic biomarkers
make PsA a challenging subject for both clinicians and re-
searchers. The identification of predisposing factors and
pathogenic mechanisms leading to this crippling disease is
particularly important.

Inflammation is a physiological response to injury and
infection. Timely resolution of the inflammatory process
is essential for tissue regeneration and regain of function,
while its dysregulation underlies various disease states. Li-
poxin A4, an arachidonic acid (AA) derivate, is one of the
most potent endogenous pro-resolution mediators, with
anti-inflammatory potency comparable with corticoste-
roids. [4] Lipoxins modulate neutrophil activity, enhance
macrophage phagocytosis, influence their differentiation
between pro- and anti-inflammatory phenotypes, and li-
poxin A4 specifically was found to protect macrophages
from lipopolysaccharide (LPS)-induced apoptosis. [5]

We hypothesize that physiological resolution of inflam-
mation is impaired in patients with PsA. We therefore
aimed to assess the effect of lipoxin A4 on proinflammato-
ry cytokine production by monocytes stimulated with LPS.

Materials and Methods
Patients

10 PsA patients and 5 age- and sex-matching healthy
controls were enrolled in the study. Study participants were
recruited at the Department of Rheumatology of the Medi-
cal University of Lodz, Poland and gave written, informed
consent. All PsA patients fulfilled the CASPAR classification
criteria for psoriatic arthritis.

Cell isolation, culture and stimulation

20 ml of peripheral blood was collected from all study
participants into S-Monovette (Sarstedt, Nimbrecht, Ger-
many) tubes with heparin. PBMCs were isolated by density
gradient separation technique (Biocoll separating solution,
Biochrom, Berlin, Germany) according to the manufactu-
rer’'s protocol. Freshly isolated PBMCs were seeded at 1
x 10" 6 per well, resuspended in RPMI 1640 medium sup-
plemented with 10% FBS and 1X antibiotic-antimycotic
solution and cultured in cell culture plates for 24 hours in
a humified 5% CO, incubator in 37°C. All PBMC cultures
were set in duplicates and were stimulated with 1 ug/ml
LPS from Escherichia coli O111:B4 with or without 200nM

of lipoxin A4 for 24 hours. The supernatants were collected
after 24 hour stimulation. All stimulation experiments were
performed in duplicates.

Cytokine levels quantification

The levels of IL-1B, IFN-a, IFN-y, TNFa, MCP-1, IL-6, IL-8,
IL-10, IL-17, IL-12, 1L-18, IL-23 and IL-33 in PBMC culture
supernatants were quantified with Cytometric Bead Array
kit (CBA, Becton Dickinson Co., Franklin Lakes, NJ, USA) ac-
cording to the manufacturer’s protocol. The CBA sensitivity
was 10 pg/ml for each cytokine. The samples were measu-
red on BD LSR Fortessa flow cytometer and the results were
analysed with BD FCAP Array software.

Statistical analysis

The data were expressed as the mean = SD and Statisti-
ca v. 10PL (Statsoft Polska, Krakow, Poland) software was
used for statistical analyses. Due to the small sample size
and non-normal data distribution, nonparametric tests
(Wilcoxon'’s ranked-pairs and Mann-Whitney U) were used.
A value of p<0.05 was considered as statistically signifi-
cant.

Ethical approval

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee
(Bioethical Committee of the Medical University of Lodz,
Poland. Reference number: RNN/275/15/KE, date of appro-
val: 20/10/2015) and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
All patients gave written, informed consent for participa-
tion in the study. This article does not contain any studies
with animals performed by any of the authors.

Results
Demographic and clinical characteristics of study
participants

10 patients suffering from PsA and 5 age- and sex-mat-
ching healthy controls were enrolled in the study. Study
participants were recruited at the Department of Rheuma-

Table 1. Clinical characterictics of the study groups. PsA -psoriatic ar-
thritis, CRP- C-reactive protein, ESR- erytrocyte sedimentation rate, DAS
28 — disease activity score.

Characteristic PsA Control

N 10 5

sex, men/women 6/4 3/2
Age (years, median and 51 (38 -71) 30 (29-

range) 30)

disease duration, years, 5 NA

mean

CRP 3,34 1,3

ESR 18 10

DAS 28 3,1 NA
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tology of the Medical University of Lodz. All PsA patients
fulfilled the CASPAR classification criteria for psoriatic ar-
thritis. The clinical characteristics of the study groups is
presented in table I.

PBMC production of pro-inflammatory cytokines
iv vitro differs between psoriatic arthritis patients
and healthy volunteers

Incubation of PBMCs with LPS, increased production of
all cytokines assessed either in patients with psoriatic ar-
thritis or in healthy controls. However, both basal (not-sti-
mulated) and 24h LPS stimulated PBMCs from PsA patients
produced less proinflammatory cytokines as compared to
healthy controls. Most findings are not statistically signifi-

cant except production of IFN-y and IL-18, in the rest clear
trend is observed. Mean concentrations of cytokines pro-
duced by PBMCs after 24h stimulation with LPS are presen-
ted in table II.

The anti-inflammatory effect of lipoxin A4
is reversed in psoriatic arthritis PBMCs

In PBMCs from healthy controls incubation of cells with
lipoxine A4 decrease production of proinflammatory cyto-
kines. However, in patients with psoriatic arthritis addition
of lipoxine A4 did not inhibited LPS — induced proinflam-
matory cytokines release. Figure 1. Mean concentrations
are presented in table IlI.

Table Il. Mean concentrations (pg/ml) of cytokines produced by PBMCs after 24h stimulation with 1 ug/ml LPS. The data were expressed as the

mean = SD.

Cytokine PsA patients Healthy controls P
IL-1b 1924,26+897,21 8176,14+7316,36 0,075
IFN-a 6,64+2,26 10,53+6,21 0,310
IFN-y 109,40+146,95 467,71+441,36 0,028 *
TNF-a 215,32+160,15 355,22+368,18 0,594
MCP-1 2895,49+1220,53 3978,66+2762,01 0,679

IL-6 20447,04+13285,17 28904,06+12207,78 0,310
IL-8 2373,95+1091,14 2378,40+1535,76 0,859
IL-10 4419,67+2416,69 7434,70+£7092,44 0,513

IL-12p70 2,54+1,14 3,84+2,79 0,513
IL-17a 15,83%9,15 32,14+17,02 0,075
IL-18 9,49+4,53 46,15+42,41 0,005 *
IL-23 105,99+201,69 181,69+157,97 0,099
IL-33 56,93+20,88 99,99+66,42 0,254

Table lll. Mean concentrations (pg/ml) of cytokines produced by PBMCs after 24h stimulation with 1 ug/ml LPS with or without lipoxin A4.

The data were expressed as the mean = SD.

PSA Control
LPS LPS+LPX P LPS LPS+LPX P

IL-1B 1924,26+897,21 2098,64+1012,37 0,508 8176,14x7316,36 5401,91+5958,646 0,043
IFN-a 6,64+2,26 7,26x2,25 0,037 10,53%6,21 8,51+6,030 0,043
IFN-y 109,40=146,95 113,48+150,07 0,314 467,71+441,36 315,84+267,350 0,043
TNF-a 215,32+160,15 263,79+178,35 0,022 355,22+368,18 261,77+198,946 0,225
MCP-1 2895,49+1220,53 3563,31+1517,59 0,114 3978,66+2762,01 2675,40+2139,082 0,043
IL-6 20447,04+13285,17 21066,35+13557,92 0,593 28904,06+12207,78 24119,53+9999,275 0,109
IL-8 2373,95+1091,14 2890,01+1001,94 0,074 2378,40+x1535,76 1947,09+1478,369 0,345
IL-10 4419,67+2416,69 4829,91+2345,94 0,333 7434,70+x7092,44 4212,27+3154,991 0,043
IL-12p70 2,54+1,14 2,82+1,39 0,074 3,84+2,79 3,12+2,478 0,043
IL-17a 15,83+9,15 16,16+8,07 0,799 32,14+17,02 21,57+15,458 0,043
IL-18 9,49+4,53 9,67+4,66 0,646 46,15+42,41 28,48+24,486 0,043
IL-23 105,99+201,69 83,36+139,25 0,214 181,69+157,97 128,08+123,662 0,043
IL-33 56,93+20,88 57,62+15,30 0,878 99,99+66,42 71,86+71,459 0,043
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Fig. 1. The influence of lipoxin A on LPS-induced cytokine generation
* p<0.05

Discussion

Our preliminary study is the first report on defective li-
poxine A4 signalling in PsA. The pathogenesis of psoriatic
arthritis remains not fully understood and characterizing
its inflammatory cytokine milieu is key to designing futu-
re disease models and novel therapies. Lipoxins are potent
immunomodulatory lipid mediators promoting resolution
of inflammation. [4] They are generated from arachidonic
acid derivatives in the process of transcellular biosynthe-
sis. Platelet-leukocyte or epithelium-neutrophil interaction
is necessary for lipoxin A4 (LXA4). LXA4 binding to its G

in patients with psoriatic arthritis (n=10) and healthy controls (n=5);

protein-coupled receptor triggers a wide array of signal-
ling cascades, including suppression of NFkB and AP-1
nuclear accumulation and subsequent reduction of pro-in-
flammatory cytokines synthesis and release. [4] LPXA4 can
moreover competitively block leukotriene receptors. [6] It
is therefore a potent immunomodulatory lipid mediator
promoting resolution of both injury- and infection-initia-
ted inflammation and was proved to inhibit inflammatory
responses in various disease states. that Skin injury initia-
tes the formation of psoriatic lesions [7] and trauma of
the musculoskeletal system often precedes the onset of
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PsA. [8] Mechanical microinjuries and microbial molecu-
les deposition was also suggested to drive enthesitis, the
central event in the pathogenesis of PsA. [9, 10] Therefore
we aimed to investigate the response of PsA patients’ im-
mune cell to LXA4 stimulation. The basal and LPS-induced
pro-inflammatory cytokine production by peripheral blood
mononuclear cells was lower in PsA patients compared to
healthy subjects. Strikingly, co-stimulation with LXA4 resul-
ted in a significant increase in pro-inflammatory cytokine
secretion in PsA, in contrary to the reduction observed in
healthy subjects.

Monocyte and monocyte-effector cells (macrophages,
osteoclasts, Langerhans cells and dendritic cells were re-
cently suggested to be the key effector cells in perpetu-
ating inflammation in psoriatic disease. [3] Monocytes con-
stitute the majority of entheseal tissue infiltrating immune
cells, and the psoriatic synovium expresses high levels of
monocyte colony stimulating factor (M-CSF) and receptor
activator of nuclear factor xB ligand (RANKL) which pro-
mote monocyte differentiation into osteoclast precursors.
[11] Their increased frequency was found in the peripheral
blood and synovial tissues of PsA patients. The unantici-
pated lower basal pro-inflammatory cytokine synthesis we
observed in PsA monocytes could result from the patients’
use of medications, since non-steroidal anti-inflammatory
drugs (NSAIDs) are the mainstay of therapy in PsA. Some
of the NSAIDs employed in rheumatology are known to
increase the endogenous production of pro-resolving lipid
mediators. [12]

Psoriatic disease manifests in various tissues, all of them
resided by macrophages described to potently produce in-
flammation perpetuating cytokines. In response to micro-
environmental stimuli, macrophages differentiate into two
main phenotypic subsets: pro-inflammatory, involved in
host defence M1 macrophage and pro-resolution, tissue-
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