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Abstract
Introduction: Psoriatic arthritis (PsA) is a chronic, seronegative spondyloarthropathy characterised by joint inflammation and psoriatic skin changes. Recent data indicate that interleukin-18 (IL-18) and interleukin-20 (IL-20) may
be involved in the aetiopathogenesis of PsA.
Aim: To evaluate the potential role of IL-18, IL-20, and matrix metalloproteinases (MMP-1, MMP-3) in the pathogenesis of PsA and their correlations with other markers of inflammation and destruction of joint cartilage, as well as
clinical changes.
Material and methods: The study included 24 patients with PsA and 26 healthy volunteers as a control group. The
concentration of IL-18 and IL-20, c-reactive protein (CRP), metalloproteinase-1 and -3 (MMP-1, MMP-3), cartilage
oligomeric matrix protein (COMP), aggrecan (PG-AG), and human cartilage glycoprotein (YKL-40) in serum was determined. Clinical severity of the disease according to the BSA, PASI, and DLQI as well as tender and swollen joint
count (TJC, SJC) were also evaluated.
Results: The concentration of IL-18 was statistically significantly higher in the serum of patients with PsA than in
the control group (62.87 pg/ml vs. 16.73 pg/ml, p < 0.0049). Serum IL-20 levels in PsA patients were also higher than
in the control group, but without statistical significance (p = 0.2939). The ROC curves showed: AUC = 0.81 for IL-18,
AUC = 0.75 for IL-20, AUC = 0.96 for COMP, and AUC = 0.89 for MMP-3.
Conclusions: IL-18 and IL-20 as well as MMP-3 and COMP may be sensitive markers in the diagnosis of PsA.
Key words: interleukin-18, interleukin-20, matrix metalloproteinases, cartilage oligomeric matrix protein, psoriatic
arthritis.

Introduction
Psoriatic arthritis (PsA) is a chronic autoimmune disease characterised by joint inflammation and psoriatic
skin changes [1, 2]. PsA occurs in about 30% of patients
with psoriasis, which in about 85% of cases precedes or
occurs in parallel with PsA [2, 3]. Its prevalence is estimated at about 0.2% of the total population, but its
course and consequences may lead to significant impairment of the skeletal system and a significant reduction in
quality of life at an early age [2, 4, 5]. People with PsA are

at increased risk of cardiovascular diseases, metabolic
diseases, and obesity [6]. The aetiopathogenesis of PsA
is a complex multi-factor process. Although numerous
studies on PsA aetiopathogenesis have been conducted
for many years, it has not been possible to establish its
full course and all metabolic, biochemical, and immunoenzymatic pathways and processes [1–7]. In recent
years research has contributed to great progress in the
knowledge of the mediators involved in the pathogenesis
of PsA. However, it still seems that we do not know the
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full list of PsA mediators. Better understanding of the
pathogenesis of this disease may allow earlier detection,
more effective treatment, and prevention of irreversible
complications.
Studies in recent years have shown that interleukin-18 (IL-18) and interleukin-20 (IL-20) may be involved
in the aetiopathogenesis of PsA, and that biological treatment may have an inhibitory effect on their activity [8, 9].
Interleukin 18 is part of the interleukin 1 (IL-1) superfamily and is mainly produced by macrophages, osteoblasts, keratinocytes, chondrocytes, dendritic cells,
and neutrophils. It is formed as an inactive form of the
23 kDa protein to be activated to the 18 kDa protein form
by the action of the proteolytic enzyme caspase 1 [10,
11]. Its main action is to intensify chemotaxis of T cells
and stimulate their differentiation to the helper cells Th1
and Th2. Interleukin 18 also stimulates neutrophil and
monocyte chemotaxis, and enhances the cytotoxicity of
NK cells and the secretion of interferon γ. Another important role of this cytokine is activation and stimulation of
macrophages for secretion of tumour necrosis factor α
(TNF-α) and interleukin 1β (IL-1β), which affects the
stimulation of the inflammatory response and increases
the destruction of articular cartilage. The action of IL-18
on fibroblasts increases the expression of vascular endothelial growth factor (VEGF), chemokines, IL-8/CXCL8,
intercellular adhesion molecule 1 (ICAM-1), and vascular
cell adhesion molecule 1 (VCAM-1), which increases the
inflammatory response and intensifies angiogenesis [10,
11]. It seems that IL-18, after IL-1β, may be a key cytokine
mediating the inflammatory response of the synovial
membrane, intensifying expression of metalloproteinases and IL-6, and stimulating the destruction of aggrecan and the extracellular matrix [12–14]. Moreover, recent
studies indicate that IL-18 may inhibit the synthesis of
proteoglycans, aggrecan, and type II collagen in chondrocytes, initiate apoptosis of the chondrocytes themselves,
and, through a positive effect on angiogenesis, intensify
the processes of joint cartilage destruction [11, 13, 15].
The IL-20 belongs to the IL-10 family, which includes:
IL-10, IL-19, IL-20, IL-22, IL-24, and IL-26. It has a complex
of two receptors: IL-20R1/IL-20R2 and IL-22R1/IL-20R2
[16, 17]. IL-20 and its receptors are expressed in several
normal tissue types, including skin, kidney, and lungs
[16, 18]. Recent reports have demonstrated its role in the
aetiopathogenesis of rheumatoid arthritis (RA), systemic
sclerosis, atherosclerosis, myocardial infarction, stroke,
prostate cancer, renal disorders, and osteoarthritis [19–
28]. Recent studies have also shown that IL-20 plays an
important role as a proinflammatory cytokine in psoriasis
[29, 30]. IL-20 expression was elevated in lesional psoriatic skin compared with normal skin [28, 31, 32]. IL-20
is a cytokine with chemotactic and proinflammatory effects, which positively influences angiogenesis and apoptosis, affecting fibroblasts of the synovial membrane, endothelial cells, keratinocytes, and kidney epithelial cells
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[16, 23, 28]. This interleukin increases also the migration
of neutrophils and T cells [20]. IL-20 is secreted mainly
by fibroblasts and macrophages granulocytes but also
by keratinocytes (KCs), maturing dendritic cells (DCs),
endothelial cells, and renal mesangial cells [17, 19, 20].
A recent report shows its stimulating effect on TNF-α,
IL-1β, and metalloproteinase 1 and 13 (MMP-1 and
MMP-13) secretion in osteoarthritic synovial fibroblasts
(OASFs) [17]. IL-20 affects chondrocytes by increasing the
activity of interleukin 6 (IL-6) and MMPs, but also inhibits
the expression of transforming growth factor β (TGF-β)
and the ability to synthesise aggrecan [17].

Aim
There are few data on the contribution of these interleukins to the aetiopathogenesis of PsA and their
role in the transformation and destruction of joint cartilage. Recent studies by Hsu and Chang, Scrivo et al., and
Przepiera-Będzak et al. show the elevated concentration
of IL-18 and IL-20 in serum and synovial tissue, indicating
that these interleukins may play an important role in the
pathogenesis of PsA [8, 9, 20]. The aim of this study was
to assess the potential role that IL-18, IL-20, and matrix
metalloproteinases (MMP-1, MMP-3) play in the pathogenesis of PsA, by evaluating their serum concentration
and their correlation with the presence of other proinflammatory markers and cytokines in serum: C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR) and
markers of joint cartilage destruction: cartilage oligomeric matrix protein (COMP), human cartilage glycoprotein
(YKL-40), aggrecan (PG-AG), as well as the clinical stage
of disease expressed by body surface areas score (BSA),
Psoriasis Area and Severity Index (PASI), Dermatology
Life Quality Index (DLQI), and the number of painful (TJC)
and swollen joints (SJC) [33–36].

Material and methods
Study group
Patients were qualified for the study at the Department of Dermatology and Venereology of the Medical
University of Lodz and the Orthopaedic Outpatient Clinic
operating at the clinic. Based on the clinical examination
and the Classification of Psoriatic Arthritis Study Group
(CASPAR) criteria, the diagnosis of PsA was made [37]. In
all patients CRP and ESP were determined in peripheral
blood serum. Radiological imaging or additional laboratory tests were performed only when needed. The previous analysis excluded patients with a history of past or
present other immunological diseases (RA, Crohn’s disease), neoplastic diseases, and acute or past significant
injuries. Only patients with active disease status, who did
not react to the previous standard of disease-modifying
anti-rheumatic drugs (DMARDs) and were not treated
previously with anti-TNF drugs were qualified for the
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study. The control group consisted of healthy volunteers
corresponding to age and gender distribution for the
study group, who did not show features of psoriasis and
arthritis. All patients and control subjects gave informed
and written consent to participate in the study. The local
Bioethics Committee accepted and agreed to the study
(consent number: RNN/36/06/KB), which was performed
in accordance with the Helsinki Declaration.
Clinical assessment
The BSA, PASI, and DLQI were used in the clinical
assessment of patients and the severity of the disease
[33–36]. For clinical assessment and joint involvement we
used a 68 tender and 66 swollen joint count (TJC, SJC),
including the distal interphalangeal (DIP) joints of the
hands and excluding hips for swelling [38].
Determination of level of IL-18 and IL-20
and other markers in serum
Subsequently, IL-18, IL-20, MMP-1, MMP-3, COMP,
YKL-40, and PG-AG serum concentration measurements
were performed with enzyme-linked immunosorbent
assay (ELISA) kits in the study and control groups. Peripheral blood samples were taken from each patient
in the morning, then centrifuged, and the obtained serum was deposited into 1.5 ml Eppendorfs, which were
then sealed, frozen, and stored at –80°C for further immunoenzymatic determinations. Then, measurements
of serum concentrations of IL-18, IL-20, MMP-1, MMP-3,
COMP, YKL-40, and PG-AG were performed using ELISA
– enzyme-linked immunosorbent assay sets from R&D
Systems Europe, Ltd, Abingdon, UK (IL-18, IL-20, MMP-1,
MMP-3), BioVendor GmbH, Heidelberg, Germany (COMP),
Metra Quidel, San Diego, USA (YKL-40), BioSource Europe S.A., Nivelles, Belgium (PG-EASIA), according to the
manufacturers’ instructions. A minimum detection level
was set: 4.57 pg/ml for IL-18, 16.6 pg/ml for IL-20, 0.095
ng/ml for MMP-1, 0.045ng/ml for MMP-3, 0.4 ng/ml for
COMP, 10 ng/ml for YKL-40, and 0.9 ng/ml for PG-EASIA.
The same activities (blood collection, centrifugation,
freezing, and storage) were performed in the control
group, followed by the same immunoentimacy determinations as in the study group using appropriate ELISA kits
(R&D Systems, BioVendor, Metra Quidel, BioSource). Due
to technical reasons the PG-AG concentration was not
determined in the control group.
Statistical analysis
Baseline characteristics of participants including age,
clinical scales, and laboratory findings were presented as
means with standard deviations or medians with interquartile range. Distribution of variables was evaluated
using the Shapiro-Wilk test. Due to non-Gaussian distribution of variables the Mann-Whitney U test was used
to compare differences between the control and study
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group. To compare differences between two dependent
variables the Wilcoxon signed rank test was employed.
Friedman’s ANOVA was used to calculate differences between more than two dependent variables. Correlations
between each variable were examined using Spearman’s
rank correlation. A correlation coefficient ranging 0.00 to
0.19 was considered as very weak, 0.20 to 0.39 as weak,
0.40 to 0.59 as moderate, 0.60 to 0.79 as strong, and
0.80 to 1.0 as very strong.
A p-value below 0.05 was considered statistically significant. The diagnostic performance of each biomarker
in PsA detection was assessed by ROC curve analysis
with calculation of Youden’s Index and the area under
the curve (AUC). All calculations were made using Statistica 13 software.

Results
Finally, 24 patients (57% of them were men) aged between 32 and 71 years (mean: 54.18 years) were qualified
for the analysis. The control group consisted of 26 healthy
volunteers. There were no statistically significant differences between the two groups in terms of age and gender (Table 1). We found a statistically significant increase
in serum levels of IL-18 in the examined patients with
PsA compared to the control group (p < 0.005; Table 1).
Serum IL-20 levels in PsA patients were also higher than
in the control group, but this increase was not statistically significant (p = 0.2939; Table 1). We also found
Table 1. Clinical parameters and serum concentrations of
metalloproteinases, inflammatory cytokines, and cartilage
turnover markers in the study (PsA) and control groups
Parameter

PsA (N = 24)

Control (N = 26)

P-value

54.18 ±9.35

54.58 ±8.92

0.8229

MMP-1 [ng/ml]*

4.40 ±2.37

7.27 ±3.78

< 0.005

MMP-3 [ng/ml] *

22.23 ±19.25

9.08 ±3.13

< 0.0001

IL-18 [pg/ml]*

62.87 ±66.87

16.73±17.00

< 0.005

IL-20 [pg/ml]*

12.98 ±12.30

9.76 ±9.00

0.2939

YKL-40 [ng/ml]*

75.04 ±37.51

44.95 ±19.19

0.0061

Mean age [years]*

COMP [ng/ml]*

2645.26 ±489.48 835.85 ±434.62

PG-AG [ng/ml]*

3878.46 ±617.93

–

PASI (%)*

16.53 ±3.93

–

DLQI*

13.87 ±2.13

–

BSA (%)*

26.47 ±8.41

–

CRP [mg/l]*

9.48 ±8.54

–

ESR [mm/h]*

12.75 ±7.44

–

TJC (0-68)*

5.75 ±1.53

SJC (0-66)*

4.62 ±0.96

TJC + SJC*

10.56 ±2.53

< 0.0001

*Values given as mean with standard deviation.
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Table 2. Significant Spearman’s correlation coefficients
between studied clinical parameters and inflammatory/
cartilage biomarkers in serum
Pair of parameters (N = 24)
MMP-1 vs. PASI

R

P-value

0.5993

0.0182

MMP-1 vs. DLQI

0.5300

0.0421

IL-20 vs. BSA

0.7096

0.0097

COMP vs. PASI

0.7311

0.0020

COMP vs. DLQI

0.5559

0.0314

COMP vs. SJC

0.6399

0.0076

COMP vs. TJC + SJC

0.5886

0.0165

that MMP-3 showed a statistically significant higher
serum level in PsA patients compared to the control
group (p < 0.0001; Table 1). Surprisingly, we found that
the concentration of MMP-1 in serum PsA patients was
statistically significant lower than in the control group
(p < 0.005; Table 1).
In our study we also analysed the concentrations of
markers of turnover and destruction of joint cartilage
in the serum of patients with PsA and compared them
with their level in the control group. We showed that
both YKL-40 and COMP had significantly higher serum
concentrations in the study group compared to controls
(p = 0.0061 for YKL-40 and p < 0.0001 for COMP, respectively; Table 2).
In our study we did not find any strong, significant
correlations between the IL-18 and IL-20 and any other
studied markers of inflammation and cartilage destruction in serum in PsA patients. However, we indicated
positive correlation between IL-20 level in serum in PsA
patients and degree of clinical severity of the disease
(BSA score; Table 2).
Our data also indicated that serum MMP-1 levels in
the PsA study group positively correlated with the degree
of clinical severity of the disease on both the PASI and
DLQI scales (Table 2). Moreover, our analysis also showed
strong correlations between one of the markers of cartilage destruction in serum in PsA patients (COMP) and
the clinical and functional stage of PsA (PASI, DLQI, TJC,
SJC; Table 2). We also found strong correlation between
COMP serum concentration in PsA patients and degree

of joint involvement expressed in SJC, and in SJC and TJC
together (Table 2).
To estimate the diagnostic performance of each biomarker we decided to employ ROC curve analysis with
Youden’s index. Almost all (except YKL-40) biomarkers
showed significant predictive value in diagnosing PsA:
MMP-1 (AUC = 0.76, cut-off value 5.90 ng/ml), MMP-3
(AUC = 0.89, cut-off value 14.30 ng/ml), IL-18 (AUC = 0.81,
cut-off value 40.18 pg/ml), IL-20 (AUC = 0.75, cut-off value 57.40 pg/ml), and COMP (AUC = 0.96, cut-off value
1935 ng/ml) (Table 3; Figures 1–3).

Discussion
There are still few data in the literature on the contribution of IL-18 and IL-20 to the aetiopathogenesis of
PsA. The available data mainly describe the contribution
of these interleukins to the changes and processes occurring in other inflammatory arthropathies, especially
in rheumatoid arthritis (RA), osteoarthritis (OA), or the
cutaneous form of psoriasis [10, 12, 13, 20, 28, 39, 40]. In
other studies, the compared groups were not homogeneous, and analysis of the results for the selected group
of patients (PsA) is not possible [39]. Our analysis seems
to be the first to attempt to show the potential impact
of these interleukins on the pathogenesis and clinical
aspect of PsA, their mutual correlations, and their common relationships with other markers of inflammatory
process and cartilage destruction and the clinical evaluation of PsA patients.
The results of our study indicate significantly increased serum IL-18 levels in PsA patients compared
to the control group. Similar observations were made
by Rooney et al., who found a statistically significant
increase in IL-18 levels in serum and synovium in PsA
patients compared to the control group [41]. Similar
results for serum IL-18 levels in PsA and other patients
with inflammatory arthropathies (RA, AS, SnA, SAPHO
syndrome), compared to the control group, were shown
by Przepiera-Będzak et al. [9, 42]. Different results were
obtained by Bresnihan et al. [43]; they found a marked
increase in IL-18 levels in patients with RA compared to
PsA. However, the study did not include a control group
of healthy individuals.

Table 3. Receiver operating characteristic (ROC) data for serum concentrations of metalloproteinases, inflammatory
cytokines, and cartilage turnover markers in the study (PsA) group
Paramter

MMP-1

MMP-3

IL-18

IL-20

YKL-40

COMP

5.90

14.30

40.18

57.40

34.40

1935.00

Youden’s Index

0.54

0.69

0.57

0.52

0.26

0.96

AUC

0.76

0.89

0.81

0.75

0.60

1.00

0.0007

0.0000

0.0001

0.0039

0.2635

0.0000

Cut-off value*

P-value

*The values are given as ng/ml (MMP-1, MMP-3, COMP, YKL-40) and pg/ml (IL-18, IL-20).
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Figure 1. ROC curve analysis for: IL-18 (A) and IL-20 (B)
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Figure 2. ROC curve analysis for: MMP-1 (A) and MMP-3 (B)

Our study also showed an increase in IL-20 serum
levels in the examined patients (PsA) compared to the
control group but without statistical significance. These
results confirm the observations of Scrivo et al., who, in
a fairly broad prospective study, showed statistically significantly elevated IL-20 levels in PsA patients compared
to the control group [8]. Moreover, Scrivo et al. found that
high serum IL-20 levels occur in both PsA and RA patients
and are higher than in OA patients. Serum IL-20 levels
among patients with PsA correlated positively with their
synovial fluid levels.

Advances in Dermatology and Allergology 6, December/2020

In our work we also tried to demonstrate whether the
IL-18 and IL-20 levels correlate statistically significantly
with clinical indicators of PsA disease progression. We
used BSA, PASI, DLQI, tender joint count (TJC), and swollen joint count (SJC) grades to assess clinical changes.
We only found that serum IL-20 levels positively correlated with the severity of skin lesions expressed by the
BSA scale (R = 0.7096, p = 0.00097; Table 2). However,
we were not able to indicate any other correlation between the concentration of the studied interleukins and
the clinical severity of the disease. However, Przepiera-
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Figure 3. ROC curve analysis for: COMP (A) and YKL-40 (B)

Bedziak et al. in their paper demonstrated that IL-18 positively correlates only with the results of clinical assessment on the BASDAI scale [9, 42]. However, Scrivo et al.
did not demonstrate any correlation between the level of
IL-20 and the clinical severity of PsA [8]. These observations may therefore indicate that although the activity
of these interleukins is clearly elevated in patients with
PsA, it may be primarily related to skin lesions and may
not differentiate patients with psoriasis with articular lesions from those with pure skin form. In our analysis, we
also pointed out the activity of other markers of inflammation and those involved in the destruction of articular cartilage in patients with PsA and the existence of
mutual correlations and relationships between them. We
found a statistically significant increase in serum levels of
MMP-3, IL-6, COMP, and YKL-40 in the examined patients
compared to the control group (Table 1). Similar results
of studies by Chandran et al. also indicate that MMP-3
and COMP show increased serum activity in PsA patients
and may be a sensitive marker differentiating PsA and
Ps patients from healthy individuals, and MMP-3 itself is
specific to PsA [44, 45]. In our study we also showed that
the serum activity of COMP in PsA patients positively correlates with the number of swollen joints (SJC) and the
total joint count (TCJ + SJC; Table 2). Moreover, the COMP
level in serum positively correlated with the degree of
clinical severity expressed by the PASI and DLQI scale
(Table 2). Similar conclusions were drawn by Skoumal
et al., who studied serum COMP levels in patients with
PsA and the cutaneous form of psoriasis [46]. They found
that serum COMP levels in patients with PsA are clearly
elevated and correlate with SJC.
From the results of our studies and observations, it
can be concluded that also YKL-40 level in serum of pa-
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tients with PsA was clearly elevated in comparison with
the control group. These results confirm previous reports
on the role of this marker in the pathogenesis of PsA
[47]. Jensen et al. noted that not only the YKL-40 serum
level was elevated in patients with psoriasis, but also
in patients with PsA the level of YKL-40 in serum was
significantly higher than in patients with psoriasis cutaneous form (PsC). Our results confirm those of Ahmed
et al., who observed that YKL-40 serum levels in patients
with concomitant arthropathy (PsA) are higher than in
patients with psoriasis alone [48].
We also decided to study whether each of studied
biomarkers could serve as sensitive diagnostic tool in PsA
screening (Figures 1–4; Table 3). It has been shown that
COMP, as well as MMP-3, IL-18, and IL-20, could be the
best candidates; however, more studies are needed to
establish their role as PsA screening tools. We showed
that COMP, MMP-3, and IL-18 could indicate the presence
of PsA (cut-off value for COMP, MMP-3, IL-18: 1935.0 ng/
ml; 14.30 ng/ml; 40.18 pg/ml, respectively). It means that
patients without any radiographic or laboratory studies
but with such values of these mediators independently
could be suffering from PsA. These biomarkers need to
be evaluated in the future in terms of overlapping syndromes and suspicion of PsA in patients without laboratory or radiographic imaging confirmation. The drawback of our results is the small study size, so our findings
should be verified in further studies to provide a sensitive biomarker for PsA detection.
The results of our work may therefore confirm that
the studied interleukins, in particular IL-18, may play an
important role in the pathogenesis of psoriatic arthritis.
We also found significantly increased serum activity of
mediators responsible for the processes of degradation
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and destruction of articular cartilage (MMP-3, COMP,
YKL-40). The above observations as well as numerous
positive correlations of COMP with clinical indicators of
disease progression in patients with PsA (Table 2), and
the result of ROC curves analysis indicate that IL-18,
COMP, YKL-40, and MMP-3 may be important biomarkers of PsA aetiopathogenesis. However, further studies
and larger groups of patients are needed to correlate the
interaction of these biomarkers and to confirm the direct
effect of IL-18 on the processes of joint cartilage degradation in PsA. This, in turn, may give rise to the search
for new therapeutic options for inhibition of biochemical
processes induced and controlled by IL-18. The sense of
such studies is confirmed by the reports of Smeets et al.
[49]. In the collagen-induced model of osteoarthritis in
mice they demonstrated that blocking the action of IL-18
through the administration of binding proteins results in
a milder and less symptomatic course of arthrosis and
destruction of articular cartilage [49].
However, our work has several weak points and limitations. The first of them is the relatively small group of
patients. These studies, however, are preliminary, but
they already indicate the advisability of their continuation. The authors of the publication continue their research by extending the group of patients qualified for
analysis. It would be noteworthy to include in the study
patients with the form of cutaneous psoriasis, in order to
establish a panel of markers differentiating both forms of
psoriasis for early detection of joint lesions in patients
with psoriasis. Another limitation is the lack of randomisation of the study group. It also seems appropriate to
analyse the tested biomarkers in serum and synovial
fluid simultaneously. This would allow wider and more
objective conclusions to be drawn. It is also advisable in
the future to perform a wider range of immunoenzymatic
studies with determination of activity of other anti-inflammatory markers (e.g. IL-4, IL-10, IL-13), other markers
of joint cartilage and bone tissue destruction – crosslinked C-telopeptide of type I collagen (CTXI), cross-linked
N-telopeptide of type I collagen (NTXI), and N-terminal
procollagen III propeptide (PIIINP).

Conclusions
The results show an increased concentration of IL-18
in serum of PsA patients, but its role in the aetiopathogenesis of psoriatic arthritis requires further research.
It also seems that IL-18 and IL-20 as well as COMP and
MMP-3 may be sensitive markers in the diagnosis of PsA.
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