
R E S E A R C H Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Pinto Tasende et al. BMC Musculoskeletal Disorders          (2023) 24:246 
https://doi.org/10.1186/s12891-023-06339-4

BMC Musculoskeletal 
Disorders

*Correspondence:
Jose A. Pinto Tasende
japt1965@gmail.com
1Department of Rheumatology-INIBIC, Complexo Hospitalario 
Universitario de A Coruña, 84 Xubias de Arriba Road, 15006, A Coruña, 
Spain

2INIBIC, Complexo Hospitalario Universitario de A Coruña, A Coruña, Spain
3Department of Rheumatology, Complexo Hospitalario Universitario de A 
Coruña, Universidade de A Coruña, A Coruña, Spain
4Department of Rheumatology-INIBIC, Complexo Hospitalario 
Universitario de A Coruña, Universidade de A Coruña, A Coruña, Spain

Abstract
Background  Immune and non-immune cells contribute to the pathology of chronic arthritis, and they can 
contribute to tissue remodeling and repair as well as disease pathogenesis. The present research aimed to analyze 
inflammation and bone destruction/regeneration biomarkers in patients with psoriatic arthritis (PsA), rheumatoid 
arthritis (RA), osteoarthritis (OA), and ankylosing spondylitis (AS).

Methods  Samples were obtained from the inflamed knee of patients with knee arthritis who had been referred 
for undergoing arthroscopies. The synovial membrane was processed for pathological description, IHC analysis, and 
quantification of mRNA expression ratio by qRT-PCR. Serum levels of TGF-β1, IL-23, IL-6, IL-17 A, IL-22, Dkk1, Sclerostin, 
BMP2, BMP4, Wnt1, and Wnt5a were measured by ELISA. All these data were analyzed and compared with the 
demographic, clinical, blood tests, and radiological characteristics of the patients.

Results  The synovial membrane samples were obtained from 42 patients for IHC, extraction, and purification of RNA 
for synovial mRNA expression analysis, and serum for measuring protein levels from 38 patients. IHC reactivity for 
TGF-β1 in the synovial tissue was higher in patients with psoriatic arthritis (p 0.036) and was positively correlated with 
IL-17 A (r = 0.389, p = 0.012), and Dkk1 (r = 0.388, p = 0.012). Gene expression of the IL-17 A was higher in PsA patients 
(p = 0.018) and was positively correlated with Dkk1 (r = 0.424, p = 0.022) and negatively correlated with BMP2 (r = 
-0.396, p = 0.033) and BMP4 (r = -0.472, p = 0.010). It was observed that IHC reactivity for TGF-β1 was higher in patients 
with erosive PsA (p = 0.024).

Conclusions  The IHC reactivity of TGF-β1 in synovial tissue was higher in patients with erosive psoriatic arthritis, and 
TGF-β1 was in relation to higher levels of gene expression of IL-17 A and Dkk1.
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Introduction
Psoriatic arthritis (PsA) belongs to the spondylarthri-
tis (SpA) group, which encompasses a group of dis-
eases sharing genetic, pathophysiological, clinical, and 
radiological features, where bone remodeling altera-
tions appear when there is an imbalance between bone 
resorption and bone formation. Osteolysis in patients 
with rheumatoid arthritis (RA) results from an imbal-
ance in which bone resorption by osteoclasts is favored 
over bone formation by osteoblasts,with the inflamma-
tory cells infiltrating the synovial tissues, resulting in 
synovial hyperplasia, angiogenesis, cartilage destruction, 
and bone erosion in the diarthrodial joints, where local 
and systemic factors interrupt the physiological bone 
remodeling process [1]. Depending on the local micro-
environment, inflammation has very different effects on 
bone, inducing bone loss in the joints and periarticular 
bone or bone formation in the enthesis areas in patients 
with axial and peripheral SpA [2]. In the last years, a 
great deal has been learned about the differentiation and 
function of osteoclasts [3], and now it is appreciated that 
osteoblast-mediated bone formation is also inhibited in 
the rheumatoid joint, limiting erosion repair [1], while 
osteoblast function is increased for producing new bone 
in SpA [4].

The physio-pathological differences between RA and 
SpA are rooted in the interaction network of proinflam-
matory cytokines and are probably related to the differ-
ent expression of IL-17 A and TNFα, two cytokines that 
strongly promote osteoclastogenesis and the develop-
ment of focal bone erosions [5]. TNFα is the main proin-
flammatory cytokine in RA and promotes bone erosion 
by triggering osteoclast on through the RANK-RANKL 
system and by suppressing osteoblast bone formation 
through the overexpression of Dickkopf-1 (Dkk1), a 
potent inhibitor of the anabolic Wnt bone signaling path-
way [5, 6]. In RA, where the overexpression of TNFα is 
higher than IL-17 A, bone resorption prevails over bone 
formation. Unlike TNFα, IL-17  A also promotes osteo-
genesis, particularly at inflamed sites that experience 
mechanical stress, as is the case with entheses in animal 
models of SpA, [7] where fibroblast-like synoviocytes 
exposed to IL-17 A differentiate into osteoblasts.

Bone morphogenetic protein (BMP) signaling could 
have an anti-inflammatory role in the control and main-
tenance of low levels of pro-inflammatory factors in 
healthy joints or in the early stages of RA. It is a critical 
pathway for osteoblast differentiation and function and 
this pathway plays a role in bone formation in SpA, with 
higher BMP2 and 4 serum levels in the serum of anky-
losing spondylitis (AS) patients and having a significant 
correlation with spinal radiograph scores by developing 
spinal fusion [8].

PsA is an immune-mediated chronic inflammatory 
arthritis, where skin-resident cells such as keratinocytes, 
γδT cells, and innate lymphoid cells express IL-17  A, 
which also inhibits osteoblasts and osteocytes func-
tion through Wnt signaling [9] and IL-17  A is a bone-
destroying cytokine that is involved in immune-mediated 
bone diseases and can exert a negative effect on bone 
by promoting osteoclastogenesis and initiates an immu-
nologic cascade that is associated with synovial inflam-
mation, bone destruction, and juxta-articular new bone 
formation [10]. Furthermore, the clinical trials of IL-17 A 
inhibitors in PsA have shown improvement in the signs 
and symptoms of active PsA [11], and they can inhibit the 
progression of bone erosion and maintain bone stability 
[12]. Therefore, we hypothesize the synovial expression 
of TGF-β1 is a differentiating factor for the development 
of erosive peripheral disease in psoriatic arthritis (TGF-
β1 can prime IL-17 A), and synovial expression of Dkk1 
may be related to peripheral joint destruction as in rheu-
matoid arthritis.

The present study aimed to analyze proteins of inflam-
mation and bone destruction and regeneration in serum, 
gene expression, and immunohistochemistry (IHC) reac-
tivity in the synovial membrane in patients with PsA, 
compared with rheumatoid arthritis, osteoarthritis, and 
AS.

Materials and methods
Patients and samples
This is a descriptive cross-sectional study in patients ful-
filling the CASPAR criteria for psoriatic arthritis (n = 15) 
to determine the expression of the biomarkers that may 
be associated with joint inflammation (TGF-β1, IL-23, 
IL-6, IL-17  A, and IL-22) and with destruction or new 
bone formation (DKK1, Sclerostin, BMP2, BMP4, Wnt1, 
and Wnt5a) using immunohistochemistry and qRT-PCR 
in synovial tissue and by measuring the synovial fluid 
and serum levels. The expression of these proteins in 
patients with PsA was compared to their expression in 
synovial tissue samples from the knee joint and serum 
from patients with RA (n = 8), OA (n = 18), and AS (n = 4). 
The patients underwent knee arthroscopy between 2009 
and 2013 because they clinically presented with knee 
joint swelling and tenderness that did not improve with 
the medical treatment indicated for their diagnosed dis-
ease. In December 2018, it was verified that the patient’s 
clinical diagnosis had not changed. Those patients whose 
macroscopic or microscopic characteristics of the syno-
vial membrane samples presented characteristics differ-
ent from the underlying pathology (e.g., deposits of urate 
or PPCD crystals, pigmented villonodular synovitis or 
vasculitis) that could interfere with the determinations 
made were excluded, as well as poorly labeled or unlocat-
able samples.
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Patients were evaluated every 3 to 4 months, and the 
treatment was changed if the disease remained active (≥ 2 
swollen and tender joints). Therapy with methotrexate 
was initiated (up to 20  mg/week if tolerated), and if no 
response occurred or adverse events were noted, patients 
were switched to anti-TNF-a or to combined therapy, 
according to their rheumatologist’s judgment. Clinical 
and biological data (tender/swollen joint counts 66/68, 
C-reactive protein (CRP) and erythrocyte sedimenta-
tion rate (ESR), disease-modifying antirheumatic drugs 
(DMARDs), and biologic therapy administered) were 
collected during the study inclusion and the last clinical 
control. None of the patients was being treated with bio-
logics, and eight of the patients with PsA were on treat-
ment with methotrexate (MTX).

The Kellgren-Lawrence (KL) scale was used to establish 
the degree of osteoarthritis in the knee [13]. The evalu-
ation of axial radiological damage was also performed 
using sacroiliac X-ray and through the classification of 
sacroiliitis according to the modified New York criteria 
[14] as well as to the presence/absence of erosive periph-
eral joint damage.

This study was carried out at the A Coruña Biomedi-
cal Research Institute (INIBIC). The study was approved 
by the Clinical Research Ethics Committee (CEIC), under 
number 2011/301, and performed according to the Dec-
laration of Helsinki. All study patients provided written 
informed consent.

Arthroscopies
At first, peripheral blood was extracted from a forearm 
vein. Synovial tissue samples were obtained surgically 
from the knee joint by means of arthroscopy under local 
anesthesia.

Arthroscopy was performed under diagnostic and/or 
therapeutic (lavage) conditions with a 2.7-mm arthro-
scope (Storz, Tullingen, Germany). Eight synovial tissue 
samples were obtained from the suprapatellar pouch and 
the medial and lateral gutter in each patient. Four sam-
ples were fixed in 4% formaldehyde and embedded in 
paraffin wax for immunohistochemistry, and the remain-
ing four were collected on RLT lysis buffer (Qiagen, 
Crawley, West Sussex, UK) for RNA extraction [15].

Arthroscopic joint lavage is a formal joint lavage that 
takes place in addition to a visual inspection of the struc-
tures of the knee joint at the same time [16]. The amount 
of irrigation fluid (saline serum 0.9% at 5ºC) used was 
5000 mL, and the procedure took place over 30 min.

The biopsies from each patient were collected, carved, 
and fixed in the operating room and, together with the 
blood samples, transferred to the INIBIC facilities in 
the shortest possible time (less than 1  h). Once in the 
laboratory, the samples were registered in the data bank 
(Biobank) using NorayBanks software to guarantee the 

confidentiality of the procedure. After encoding, they 
were processed according to the techniques described 
below.

Histopathological analysis and immunohistochemistry: 
quantification of protein expression in IHC staining
The synovial biopsies from each patient were fixed in the 
operating room, some were immersed in 4% formalde-
hyde for up to 24 h, and others were immersed in OCT 
(cryoprotective medium). They were transported using 
post-physical fixation in dry ice for storage following an 
established order in a -80ºC chest in the Basic Research 
Laboratory at the INIBIC.

Once the inclusion was finished, the sections were 
stained with hematoxylin-eosin and Masson’s trichrome 
(H-E, MM-classical histological stains) for the first mor-
phological study. The histopathological analysis was 
carried out by a pathologist other than the immunohisto-
chemistry, who made a detailed description of it, without 
images attached to the report.

Indirect immunohistochemical techniques (with par-
affin peroxidase) were used in all the biopsies, in which 
the mouse monoclonal anti-BMP2 ab6285 antibody 
(clone 65529.111) of Abcam® and rabbit monoclonal 
anti-Dkk1 antibody were used as the primary antibod-
ies. ab109416 (clone EPR4759) from Abcam®, rabbit anti-
BMP2 monoclonal antibody ab 124,715 (clone EPR6211) 
from Abcam®, mouse monoclonal anti-Wnt5a ab86720 
(clone 3D10) from Abcam®, mouse monoclonal anti-
body anti-TGF-β1 ab64715 (clone 2Ar2) from Abcam®, 
Abcam® ab79056 rabbit anti-IL-17  A polyclonal anti-
body, and Dako® K-5007 antibody (EnVision ™ Detection 
Systems Peroxidase / DAB), were used as the secondary 
antibodies.

The samples were pretreated with tris-EDTA at pH 9 in 
Retriever (0.1 M sodium citrate pH 6.1 for Wnt5a), and 
the positive controls were BMP2 for human small bowel 
tissue (1: 5000), BMP4 for human colon tissue (1: 1000), 
Dkk1 for human placenta tissue (1: 1000), Wnt5a for 
human thyroid tissue (1: 1000), TGF-β1 for human artic-
ular cartilage tissue and osteoarthritis (1:50), and IL-17 A 
for human lymphatic node (1: 1000), and the negatives of 
the technique were conducted without the use of a pri-
mary antibody.

The chromophore that was used includes the chro-
mogen diaminobenzidine (DAB, brown color) and the 
peroxidase substrate (H2O2). The samples were counter-
stained with Gill III’s hematoxylin-eosin, dehydrated, and 
rinsed with xylene. DPX (acrylic resin) was used as a cov-
erslip mounting medium. Image capture was performed 
with the Olympus BX61 microscope, and the analysis and 
quantification of the samples were conducted with the 
Nikon Eclipse microscope, using NIS Elements imaging 
software.
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Determination of serum levels of proteins: enzyme-linked 
ImmunoSorbent Assay (ELISA)
In this study, the double sandwich ELISA (DAS) was per-
formed in triplicate, in 96-well microplates. The expres-
sion of BMP2, BMP4, Dkk1, Wnt1, Wnt5a, sclerostin, 
TGF- β1, IL-6, IL-17  A, and IL-22 in the serum was 
quantified according to the manufacturer’s specifications 
of each ELISA KIT.

The absorbance was measured in a microplate reader at 
450 nm, with the results being extrapolated to the stan-
dard curve in each case.

Determination of gene expression in synovial tissue: 
quantitative real-time PCR (qRT-PCR)
From the biopsies obtained during the arthroscopies, we 
performed RNA extraction with TRIzol®Reagent (Life 
Technologies) following the manufacturer’s instructions. 
The genetic material obtained was quantified by spectro-
photometry with NanoDrop ™ (Thermo Scientific).

Using the Superscript® VILO ™ cDNA synthesis kit 
(Invitrogen), it was performed the reverse transcription 
of the RNA. The cDNA that was obtained was amplified 
by qRT-PCR with LightCycler 480 II equipment (Roche) 
using the Taqman probes (Light-Cycler® 480 Probes Mas-
ter (Roche). The 60  S ribosomal protein L13a (RPL13a) 
was used to normalize the results that were obtained. The 
qRT-PCR results were analyzed with the qBase plus soft-
ware (Biogazelle).

Statistical analysis
The results were expressed as a percentage or as the 
median and interquartile range (IQR) and categoric vari-
ables as frequencies and percentages. Comparisons of 
qualitative variables were made using the chi-square test 
and Fisher’s exact test if applicable. The Wilcoxon rank 
sum test or the Kruskal-Wallis’s test were used to com-
pare the distribution of the numeric variables between 
the groups. The correlation between the numeric vari-
ables was expressed by the Spearman correlation 
coefficient, and the null hypothesis was tested (coef-
ficient = zero). The correlation between two categoric 
variables or between one numeric and one categoric 
variable was assessed by using Fisher´s exact test and the 
Wilcoxon rank sum test or the Kruskal-Wallis’s test. Uni-
variate and multivariate logistic regression models were 
performed to evaluate the association of the proteins 
related to gene expression with demographics, clinical, 
radiological, and therapeutic features.

The data were statistically analyzed with the SPSS ver-
sion 21 program (IBM SPSS Statistics). Values of p < 0.05 
were considered statistically significant.

Results
Women were more prevalent in the OA group (p = 0.036), 
and these patients were older (< 0.0001). Disease duration 
was higher in the OA group and in the AS group and was 
associated with a longer period of disease evolution while 
for the PsA and RA groups was about 3 years (p 0.002). 
The peripheral joint disease for all groups was mono-
articular (knee joint target), except for PsA which had an 
oligo-articular joint count (0.033). CRP was higher in the 
AS group, and this was the only group of patients with 
radiologic sacroiliac damage and positive HLA-B27. Out 
of 15 PsA patients, only four had erosions on X-ray films, 
and eight patients were treated with MTX (Table 1).

From 45 patients, histopathological analysis of the 
synovial membrane of PsA patients showed an increase 
in vessel density in PsA compared with RA, OA, or AS (p 
0.035). Other features had not shown differences among 
patients (Table 2). No statistically significant differences 
were observed regarding hyperplasia of the synovial lin-
ing, villous papillae, lymphoplasmacytic accumulations, 
lymphocytic or plasmacytoid infiltrates, and fibrosis.

Table 1  Characteristics of patients according to the diseases
All
n = 45*

PsA
n = 15

RA
n = 8

OA
n = 18

AS
n = 4

p**

Male, n (%) 10 
(66.7)

4 (50.0) 7 (30.9) 4 (100) 0.036

Age, years 48.0
(40.5–
55.5)

42.5
(32.2–58.7)

69.0
(64.5–74.7)

57.5
(49.0-65.2)

< 0.0001

Disease 
duration, 
years

3.0
(1.0–
9.0)

2.0
(1.0-5.7)

12.5
(6.0-18.5)

19.5
(8.0-31.7)

0.002

Tender 
joints count

2 (1–3) 1 (1–2) 1 (1–1) 1 (1-1.7) 0.033

Swollen 
joints count

1 (1–2) 1 (1-1.7) 1 (1–1) 1 (1–1) 0.236

ESR, 
mm/1st h

20
(8–36)

15
(7–29)

22
(14–33)

45
(23–69)

0.181

CRP, mg/dL 0.70
(0.29–
1.74)

0.36
(0.21–0.61)

0.44
(0.25–0.53)

2.20
(0.52–3.80)

0.05

Uricemia, 
mg/dL

4.8
(4.1–
6.3)

5.7
(4.2–7.7)

5.5
(4.5-6.0)

5.2
(4.2–6.9)

0.715

RF and/or 
ACPA +, n 
(%)

0 4 (50) 0 0 0.001

X-ray Ero-
sions+, n 
(%)

4 
(26.7)

0 0 0 0.032

X-ray Sacroi-
liitis+, n (%)

0 0 0 4 (100%) 0.001

Methotrex-
ate, n (%)

8 
(53.3)

0 0 0 0.004

*Data as median (Q1-Q3) and percentages. ** Chi-square/Fisher exact test) and 
Kruskal-Wallis test.

RF: rheumatoid factor; ACPA: anti-citrullinated protein antibody

HLA-B27 +: 4 AS
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For the histopathological study, 45 valid samples of 
the synovial membrane were available, but only from 42 
patients for IHC, extraction, and purification of RNA for 
synovial mRNA expression analysis. Blood was obtained 
to measure the protein levels in the serum, and only valid 
samples were available from 38 patients.

The IL-17 A gene expression in the synovial membrane 
(Table 3) was higher in PsA patients (p = 0.018) and was 
positively correlated with IL-23 (p = 0.025), and Dkk1 

(p = 0.022), and negatively with BMP2 (p = 0.033), and 
BMP4 (p = 0.01) (Fig. 1).

Patients with diagnoses of peripheral SpA (PsA and AS 
with knee arthritis) had a higher mRNA expression ratio 
of IL17A than patients with RA or OA (p = 0.001), and of 
IL-23, but this last was not statistically significant (Fig. 2). 
Considering spondyloarthritis patients as a group with 
shared pathophysiological characteristics, both had 
higher IL17A gene expression. Separately, patients with 
AS had higher synovial IL17A gene expression than in 
OA or RA (p 0.01). However, these data were even higher 
for PsA patients (p 0.009), as can be seen in Fig. 3. There 
were no differences between PsA and AS regarding IL-23. 
When was considered the presence of treatment with 
MTX, lower levels of IL-17 A gene expression were not 
observed in patients being treated with MTX (p = 0.703).

The IHC expression for TGF-β1 was higher in PsA 
patients than in the other diseases (Table  4). The IHC 
reactivity for TGF-β1 in the synovial tissue (Fig.  4) was 
higher in patients with psoriatic arthritis (p 0.010) 
and was positively correlated with IL-17  A (r = 0.389, 
p = 0.012) and Dkk1 (r = 0.388, p = 0.012), (Fig.  5). Nev-
ertheless, IL-17 A and Dkk1 IHC% were not statistically 
different among group diseases (p = 0.448 and p = 0.323, 
respectively), although the results were slightly higher for 
IL-17 A for PsA and AS (Table 4).

When PsA patients’ group was divided between 
patients with (n = 6) or without (n = 9) radiologic ero-
sive damage (Fig.  6), the TGF-β1 serum levels were 

Table 2  Synovial histopathology pattern according to the 
diseases
All
n = 45

PsA
n = 15

RA
n = 8

OA
n = 18

AS
n = 4

p*

Hyperplasia of the Synovial 
Lining, n (%)

12 (80) 6 (75) 12 
(66.7)

3 
(75.0)

0.307

Villous papillae, n (%) 3 (20) 1 
(12.5)

3 
(16.7)

0 (0) 0.794

Lymphoplasmacytoid ac-
cumulations, n (%)

4 
(26.7)

1 
(12.5)

2 
(11.1)

0 (0) 0.453

Lymphocytic infiltrate, n (%) 7 
(46.7)

5 
(62.5)

6 
(33.3)

2 
(50.0)

0.183

Plasmacytoid infiltrate, n (%) 4 
(26.7)

3 
(37.5)

4 
(22.2)

2 
(50.0)

0.498

High vascularity, n (%) 10 
(66.7)

4 (50) 4 
(22.2)

0 (0) 0.035

Fibrosis, n (%) 3 (20) 0 (0) 4 
(22.2)

1 
(25.0)

0.426

* Chi-square/Fisher exact test).

Table 3  Expression ratios of mRNA in the synovial membrane
mRNA* All

n= 42
PsA
n = 15

RA
n = 8

OA
n = 15

AS
n = 4

p

DKK1 0.74
(0.33–2.52)

1.22
(0.36–6.41)

0.50
(0.37–2.19)

0.45
(0.20–0.84)

4.32
(0.97–12.23)

0.112

Sclerostin 0.0
(0.0-0.69)

0.0
(0.0-0.16)

0.58
(0.0-0.88)

0.0
(0.0-1.77)

0.0
(0.0-0.23)

0.504

BMP2 1.28
(0.59–1.72)

1.27
(0.73–1.43)

1.02
(0.52–1.54)

1.68
(1.43–2.28)

1.08
(0.37–1.78)

0.145

BMP4 1.07
(0.73–1.84)

1.17
(0.73–1.83)

0.90
(0.73–1.37)

2.01
(0.63–2.29)

1.06
(0.39–1.28)

0.339

Wnt1 0.44
(0.24–2.25)

1.44
(0.40–7.95)

0.30
(0.17–2.99)

0.27
(0.0-1.78)

0.60
(0.22–1.94)

0.191

Wnt5a 0.62
(0.40–1.25)

0.48
(0.33–1.43)

0.55
(0.47–1.10)

1.15
(0.48–2.30)

0.56
(0.35–0.81)

0.533

TGFβ1 0.99
(0.73–1.27)

0.92
(0.61–1.24)

0.99
(0.78–1.54)

1.01
(0.85–1.32)

1.05
(0.68–1.18)

0.921

IL6 0.90
(0.42–2.99)

1.85
(0.55–3.34)

0.73
(0.19–2.35)

0.58
(0.38–2.67)

1.74
(0.88–21.48)

0.371

IL17A 0.11
(0.0-1.34)

1.64
(0.30–2.25)

0.41
(0.10–0.70)

0.11
(0.00-0.05)

1.09
(0.00-5.31)

0.018

IL22 0.67
(0.0-1.79)

0.69
(0.12–2.10)

0.73
(0.10–2.20)

0.23
(0.00-0.71)

1.61
(0.49–5.55)

0.342

IL23 1.09
(0.41–2.27)

1.16
(0.68–2.33)

0.75
(0.32–1.91)

1.41
(0.54–2.25)

2.94
(2.41–4.85)

0.215

*Data as median (Q1-Q3). Kruskal-Wallis test.
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significantly increased in PsA with erosions (p = 0.024). 
Following treatment with MTX, patients had lower 
IL-17 A gene expression in the synovial membrane than 
the other patients did (p < 0.0001), and in the regression 
logistic analysis (adjusted by age, gender, disease dura-
tion, and KL scale in the knee target), it had a correlation 
with erosive disease (p = 0.027).

The RA patients obtained higher serum concentrations 
of BMP2 than the other groups (Table  5). Additionally, 
Dkk1 in PsA, like in AS, obtained higher serum levels 
than in RA and OA; BMP4 and sclerostin were higher in 
OA; Wnt1, Wnt5b, TGF-β1, and IL-22 were higher in AS; 
the serum concentration of IL-6 was lower in OA, and 
higher levels of IL-17 A were seen in OA with respect to 
the other pathologies.

Discussion
As the main source of IL-17 A, differentiated Th17 cells 
require TGF-β1 and IL-23 [17], and TGF-β1 is a pleio-
tropic cytokine that is involved in both suppressive and 
inflammatory immune responses [18]. TGF-β1 controls 
the proliferation, survival, activation, and differentia-
tion of B cells as well as the development and functions 
of innate cells, including natural killer (NK) cells, mac-
rophages, dendritic cells, and granulocytes. TGF-β1 is 
normally generated by macrophages during apoptotic 
cell clearance and contributes to buffering the inflam-
matory sequelae that are associated with phagocytosis, 
playing an important role in maintaining the tolerance 
by controlling survival, proliferation, and differentia-
tion of the Th17 lymphocytes [19], and Th17 cells can be 
both immunoregulatory and pathogenic [20]. Our data 
showed that the immunohistochemical expression of 

TGF-β1 in the synovial tissue was higher in patients with 
PsA compared to those with RA, OA, and AS. Interest-
ingly, patients with PsA who had developed bone ero-
sions had the highest levels of TGF-β1 expression in IHC 
and these data could reflect a tissue healing effect.

In addition, in our patients, IL-17  A expression was 
also higher in PsA than it was in RA, and it was especially 
higher than it was in OA, and it seems to be like what 
is observed in AS, which shares pathogenic mechanisms 
with PsA. The generation of regulatory Th17 cells is pro-
moted by the combination of TGF-β1 and IL-6 [21–23]. 
Pathogenic Th17 cells, however, require further stimula-
tion with IL-23 [24, 25], although pathogenic Th17 cells 
can also be induced in cell culture without TGF-β1 and in 
the presence of IL-6, IL-1β, and IL-23. At low concentra-
tions, TGF-β1 synergizes with IL-6 and IL-21 to promote 
IL-23 receptor expression and Th17-cell differentia-
tion, whereas high TGF-β1 concentrations repress IL-23 
receptor expression and promote Treg-cell differentiation 
[26]. Our findings show that patients with higher IL-23 
gene expression were correlated with high expression 
levels of IL-17 A.

Since Dkk1 is an inhibitor of the Wnt pathway, which 
normally induces new bone formation, one might expect 
Dkk1 concentrations to be progressively lower along 
a spectrum of diseases that increase bone formation. 
However, consistent with most studies, the Dkk1 con-
centrations were seen as no different in patients with 
peripheral PsA compared to healthy controls and were 
higher in patients with AS compared to those with PsA 
[27, 28]. In our report, Dkk1 gene expression was higher 
in AS patients and correlated with IL17A, and serum 
levels were higher in PsA and AS but did not show 

Fig. 1  Correlation between gene expression of IL-17 A with IL-23, Dkk1, BMP2, and BMP4
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Fig. 2  Differences between gene expression of IL-17 A, IL-23, Dkk1, TGF-β1, BMP2, and BMP4
SpA: spondyloarthritis (n= 18): RA: rheumatoid arthritis (n=8); OA: osteoarthritis (n=16) (*) p= 0.001
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statistical significance. Jadon et al. [29] found lower Dkk1 
concentrations in patients with PsA with vertebral ero-
sions and Li et al. [30] showed the combined action of 
TNFα and IL-17  A on hMSCs, which increased osteo-
genesis through the inhibition of Dkk1 and RANKL gene 
expression.

BMPs are considered cytokines that stimulate the for-
mation of bone and cartilage, and they have been shown 
to play important roles in migration, proliferation, apop-
tosis, and differentiation of several cell types [31]. BMP2 

induces bone and cartilage formation [32], and Osta et 
al. [33] saw that IL-17 decreased TNFα-induced BMP2 
inhibition in vitro, with IL17A potentiating the effect 
of TNFα, and this fact may explain the ligaments ossi-
fication mechanisms as observed in AS. Our data show 
lower BMP2 and 4 gene expression in patients with PsA 
and higher IL-17 A synovial mRNA expression correlat-
ing with Dkk1. This fact is in accordance with the path-
ways that are implicated in new bone formation in SpA 
and include the IL-23/IL-17 axis and the BMP and Wnt 

Fig. 3  Differences between gene expression of IL-17 A, IL-23, Dkk1, TGF-β1, BMP2, and BMP4 (excluding ankylosing spondylitis patients)
PsA: psoriatic arthritis (n= 14); RA: rheumatoid arthritis (n=8); OA: osteoarthritis (n=16) (*) p= 0.018
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signaling pathways [34]. Diarra et al. [35] were able, by 
inhibiting Dkk-1, to reverse the bone destructive pattern 
of a mouse model of rheumatoid arthritis to the bone-
forming pattern of osteoarthritis. Decrease expression 
levels of the Wnt antagonists, Dkk1 and sclerostin, in 
SpA lead to increase Wnt signaling and osteoblast func-
tion, resulting in new bone formation. Mechanical stress 
also promotes inflammation and new bone formation in 
the entheses [34]. Moreover, Zhang et al. [36] showed 
that IL17 significantly inhibited osteoblasts differentia-
tion induced by BMP2 in a murine model.

We found a higher serum level of IL-17 A in OA com-
pared with PsA. In general, IL-17 A is prominently pro-
duced by the Th17 subtype of Th cells. These cells can 
act as either pathogenic or protective, depending on the 
cytokine milieu that stimulates them. Moreover, γδ T 
cells (another important source of IL-17) do not seem 
altered in the synovial tissue in patients with OA. Sev-
eral studies suggested that serum IL-17  A is increased 
in patients with more severe OA (KL grade 2–4) with no 

correlation regarding levels in SF or synovium expression 
[37], and we have observed these high serum levels in 
older patients with severe knee OA.

Patients who were following treatment with MTX 
when the biopsy was performed had lower IL-17 A gene 
expression in the synovial membrane than the other 
patients, and it was correlated with erosive disease. It 
is known MTX dose-dependently suppresses the pro-
duction of IL-17  A at the mRNA level by PBMCs from 
healthy donors and RA patients [38, 39].

Our study is limited due to its retrospective design and 
single-center approach and future longitudinal studies 
are needed to evaluate the real role that TGF-β1 plays 
in PsA with erosive damage in peripheral joints and its 
interaction with other cytokines involved in inflamma-
tion such as IL17A and Dkk-1. Moreover, the size of the 
patient’s samples is a bit small, but these studies provide 
estimates for biomarkers and effect sizes with respect 
to clinical outcomes, which are necessary to calculate 
the sample size and statistical power for future studies. 

Fig. 4  IHC in the synovial membrane of TGFβ1 (brown color) in the four groups
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Very small samples undermine the internal and external 
validity of a study. That is why these results should be 
considered with caution and this study should be repli-
cated with larger sample size. The findings in the syno-
vial membrane will be more enriching in PsA together 
with the study of peripheral entheses and techniques for 
obtaining enthesis tissue samples for study are currently 
being perfected [40, 41].

In summary, IL-17  A gene expression in the synovial 
membrane of patients with psoriatic arthritis is positively 
correlated with traditional osteo-destructive proteins and 
negatively correlated with the bone-forming proteins in 
peripheral arthritis. TGF-β1 (which is necessary for the 
activation of Th17 cells, but also involved in regenera-
tion processes) immunoreactivity in synovial tissue, was 

higher in patients with erosive psoriatic arthritis in rela-
tion to the increased levels of IL-17  A and Dkk1 in the 
IHC.

Fig. 5  Correlation of IHC of TGF-β1 with IL-17 A, and Dkk1
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Table 4  IHC reactivity differences according to the diseases
All
N = 42

PsA
N = 15

RA
N = 8

OA
N = 15

AS
N = 4

BMP2 3.2
(0.8, 8.1)

3.6
(0.7, 26.4)

4.4
(1.5, 14.0)

1.7
(0.3, 8.1)

1.9
(0.8, 5.9)

BMP4 9.8
(5.9, 19.4)

7.7
(5.0, 16.9)

16.5
(6.6, 22.9)

9.6
(3.0, 20.5)

9.8
(6.6, 15.2)

DKK1 26.8
(6.8, 57.7)

23.8
(5.1, 62.2)

46.5
(17.6, 58.1)

20.8
(3.4, 62.8)

35.7
(15.6, 53.2)

Wnt5a 32.5
(22.9, 52.7)

31.5
(23.3, 57.8)

55.2
(42.7, 69.3)*

27.2
(22.2, 36.4)

22.9
(12.3, 57.4)

TGF-β1 4.9
(1.2, 14.3)

15.9
(7.5, 36.3)*

2.8
(1.0, 5.9)

2.4
(0.9, 10.4)

5.9
(2.7, 10.2)

IL-17 A 12.3
(4.6, 24.5)

17.2
(10.1, 59.9)

9.9
(3.4, 24.8)

9.4
(5.6, 15.7)

18.3
(2.9, 431)

Data as median (Q1-Q3). Kruskal-Wallis test.
*p < 0.05.

Fig. 6  Differences in IHC of TFG-β1 between erosive and non-erosive diseases
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Table 5  Serum levels of proteins according to the diseases
Serum levels* All

n = 38
PsA
n = 12

RA
n = 7

OA
n = 15

AS
n = 4

p

DKK1
pgr/mL

3525
(1841–4791)

4215
(1894–5083)

2119
(791–3746)

2807
(1265–4762)

3826
(1909–5740)

0.648

Sclerostin ngr/mL 7.08
(5.23–10.99)

6.58
(5.79–9.95)

6.42
(2.90-12.32)

9.13
(5.10–8.63)

7.58
(5.18–8.63)

0.966

BMP2
pgr/mL

70.20
(57.57–99.29)

77.79
(61.10-96.65)

99.92
(57.87-103.05)

70.77
(64.43-107.82)

44.18
(43.03–44.18)

0.043

BMP4
pgr/mL

420
(287–550)

398
(264–548)

359
(244–532)

459
(241–620)

428
(321–526)

0.139

Wnt1
(ng/mL)

0.30
(0.21–0.47)

0.30
(0.24–0.54)

0.28
(0.18–0.58)

0.32
(0.17–0.53)

0.36
(0.23–0.46)

0.508

Wnt5a
ngr/mL

55.11
(30.13–98.49)

54.84
(38.64–98.71)

37.37
(20.73–64.69)

56.93
(40.14–87.28)

68.67
(40.81–96.62)

0.767

TGFβ1
pgr/mL

1694
(1060–2038)

1551
(661–2232)

1530
(769–1871)

1529
(1015–1812)

2039
(1527–2372)

0.408

IL17A
pg/mL

510
(347–941)

429.8
(121.9-672.1)

309.2
(241.8-463.4)

877.3
(499.4–1165)

486.2
116.8-516.7

0.492

IL22
ngr/mL

39.83
(17.72–7.22)

29.91
(21.76–92.93)

41.68
(11.83–60.80)

44.92
(16.69–65.89)

73.56
(47.40-103.91)

0.141

IL6
pgr/mL

63.72
(37.70-138.61)

87.41
(56.32-144.93)

99.56
(35.94-144.42)

34.95
(52.91–66.25)

92.21
(41.15-205.19)

0.397

*Data as median (Q1-Q3). Kruskal-Wallis test.



Page 13 of 14Pinto Tasende et al. BMC Musculoskeletal Disorders          (2023) 24:246 

Acknowledgements
We extend our appreciation to Dr. Ignacio Rego, Purificación Filgueira, and to 
Sara, Dolores, and María from INIBIC for carrying out the laboratory techniques 
necessary for this work. This work is dedicated to Dr. Jose Luis Fernández 
Sueiro (in memoriam).

Authors’ contributions
JAPT, JCFL, NOV, FJTS, and FJBG analysed and interpreted the patient data. 
MFM and MEVM performed the histological examination of the synovial 
membrane and the measurement of cytokines in serum. JAPT and FJBG were 
major contributors to writing the manuscript. All authors read and approved 
the final manuscript.

Funding
Grant (PI11/00390) from Plan Nacional de Investigación Científica, Desarrollo e 
Innovación Tecnológica 2008–2011 and co-financed by the ISCIII-Subdirección 
General de Evaluación y Fomento de la Investigación - Fondo Europeo de 
Desarrollo Regional (FEDER).

Data Availability
The datasets generated and/or analyzed during the current study are not 
publicly available due to privacy or ethical restrictions but are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of Instituto de 
Salud Carlos III (ISCIII), under number 2011/301, and performed according 
to the Declaration of Helsinki. All study patients provided written informed 
consent.

Consent for publication
Not Applicable.

Competing interests
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as potential 
conflicts of interest.

Conflict of interest
The authors declare that no conflicts of interest exist.

Received: 1 October 2022 / Accepted: 20 March 2023

References
1.	 Baum R, Gravallese EM. Bone as a Target Organ in Rheumatic Disease: impact 

on osteoclasts and osteoblasts. Clin Rev Allergy Immunol. 2016;51(1):1–15.
2.	 Walsh NC, Gravallese EM. Bone remodeling in rheumatic disease: a question 

of balance. Immunol Rev. 2010;233(1):301–12.
3.	 Gravallese EM, Manning C, Tsay A, Naito A, Pan C, Amento E, et al. Synovial 

tissue in rheumatoid arthritis is a source of osteoclast differentiation factor. 
Arthritis Rheum. 2000;43(2):250–8.

4.	 Lories RJ, Luyten FP, de Vlam K. Progress in spondylarthritis. Mechanisms of 
new bone formation in spondyloarthritis. Arthritis Res Ther. 2009;11(2):221.

5.	 Rossini M, Viapiana O, Adami S, Idolazzi L, Fracassi E, Gatti D. Focal bone 
involvement in inflammatory arthritis: the role of IL17. Rheumatol Int. 2016 
Apr;36(4):469–82.

6.	 Auréal M, Machuca-Gayet I, Coury F. Rheumatoid arthritis in the View of 
Osteoimmunology. Biomolecules. 2020;11(1):48.

7.	 van Tok MN, van Duivenvoorde LM, Kramer I, Ingold P, Pfister S, Roth L, 
et al. Interleukin-17A inhibition diminishes inflammation and new bone 
formation in experimental spondyloarthritis. Arthritis Rheumatol. 2019 
Apr;71(4):612–25.

8.	 Chen HA, Chen CH, Lin YJ, Chen PC, Chen WS, Lu CL, et al. Association of 
bone morphogenetic proteins with spinal fusion in ankylosing spondylitis. J 
Rheumatol. 2010 Oct;37(10):2126–32.

9.	 Uluçkan Ö, Jimenez M, Karbach S, Jeschke A, Graña O, Keller J et al. Chronic 
skin inflammation leads to bone loss by IL-17-mediated inhibition of Wnt 
signaling in osteoblasts.Sci Transl Med. 2016 Mar16; 8(330):330ra37.

10.	 Ritchlin CT, Colbert RA, Gladman DD. Psoriatic arthritis. N Engl J Med. 2017 
Mar;9(10):957–70.

11.	 McInnes IB, Mease PJ, Kirkham B, Kavanaugh A, Ritchlin CT, Rahman P, et 
al. Secukinumab, a human anti-interleukin-17A monoclonal antibody, in 
patients with psoriatic arthritis (FUTURE 2): a randomised, double-blind, 
placebo-controlled, phase 3 trial. Lancet. 2015 Sep;19(9999):1137–46.

12.	 Mease P, van der Heijde D, Landewé R, Mpofu S, Rahman P, Tahir H, et al. 
Secukinumab improves active psoriatic arthritis symptoms and inhibits 
radiographic progression: primary results from the randomised, double-blind, 
phase III FUTURE 5 study. Ann Rheum Dis. 2018 Jun;77(6):890–7.

13.	 Kellgren JH, Lawrence JS. Radiological Assessment of Osteo-Arthrosis. Ann 
Rheum Dis. 1957;16(4):494–502.

14.	 Van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria for 
ankylosing spondylitis: a proposal for modification of the New York criteria. 
Arthritis Rheum. 1984;27(4):361–8.

15.	 Celis R, Planell N, Fernández-Sueiro JL, Sanmartí R, Ramírez J, González-Álvaro 
I, Pablos JL, Cañete JD. Synovial cytokine expression in psoriatic arthritis and 
associations with lymphoid neogenesis and clinical features. Arthritis Res 
Ther. 2012 Apr;27(2):R93.

16.	 Arden NK, Reading IC, Jordan KM, Thomas L, Platten H, Hassan A, et al. A 
randomised controlled trial of tidal irrigation vs corticosteroid injection in 
knee osteoarthritis: the KIVIS Study. Osteoarthritis Cartilage. 2008;16(6):733–9.

17.	 Bettelli E, Carrier Y, Gao W, Korn T, Strom TB, Oukka M, et al. Reciprocal 
developmental pathways for the generation of pathogenic effector TH17 and 
regulatory T cells. Nature. 2006;441(7090):235–8.

18.	 Sanjabi S, Oh SA, Li MO. Regulation of the Immune response by TGF-β: from 
conception to autoimmunity and infection. Cold Spring Harb Perspect Biol. 
2017;9(6):a022236.

19.	 Xiong W, Frasch SC, Thomas SM, Bratton DL, Henson PM. Induction of TGF-β1 
synthesis by macrophages in response to apoptotic cells requires activation 
of the scavenger receptor CD36. PLoS One. 2013 Aug 2;8(8):e72772.

20.	 Sharma M, Kaveri SV, Bayry J. Th17 cells, pathogenic or not? TGF-β3 imposes 
the embargo. Cell Mol Immunol. 2013 Mar;10(2):101–2.

21.	 Esplugues E, Huber S, Gagliani N, Hauser AE, Town T, Wan YY et al. Control of 
TH17 cells occurs in the small intestine.Nature. 2011 Jul17; 475(7357):514–8.

22.	 Chalmin F, Mignot G, Bruchard M, Chevriaux A, Végran F, Hichami A et al. 
Stat3 and Gfi-1 transcription factors control Th17 cell immunosuppressive 
activity via the regulation of ectonucleotidase expression.Immunity. 2012 
Mar23; 36(3):362–73.

23.	 Zhao F, Hoechst B, Gamrekelashvili J, Ormandy LA, Voigtländer T, Wedemeyer 
H et al. Human CCR4 + CCR6 + Th17 cells suppress autologous CD8 + T cell 
responses.J Immunol. 2012 Jun15; 188(12):6055–62.

24.	 McGeachy MJ, Bak-Jensen KS, Chen Y, Tato CM, Blumenschein W, McCla-
nahan T, et al. TGF-beta and IL-6 drive the production of IL-17 and IL-10 by 
T cells and restrain T(H)-17 cell-mediated pathology. Nat Immunol. 2007 
Dec;8(12):1390–7.

25.	 Lee Y, Awasthi A, Yosef N, Quintana FJ, Xiao S, Peters A, et al. Induction 
and molecular signature of pathogenic TH17 cells. Nat Immunol. 2012 
Oct;13(10):991–9.

26.	 Zhou L, Lopes JE, Chong MM, Ivanov II, Min R, Victora GD et al. TGF-beta-
induced Foxp3 inhibits T(H)17 cell differentiation by antagonizing RORgam-
mat function.Nature. 2008 May8; 453(7192):236–40.

27.	 Daoussis D, Liossis SN, Solomou EE, Tsanaktsi A, Bounia K, Karampetsou M 
et al. Evidence that Dkk-1 is dysfunctional in ankylosing spondylitis.Arthritis 
Rheum. 2010 Jan; 62(1):150–8.

28.	 Wang SY, Liu YY, Ye H, Guo JP, Li R, Liu X, et al. Circulating Dickkopf-1 is 
correlated with bone erosion and inflammation in rheumatoid arthritis. J 
Rheumatol. 2011 May;38(5):821–7.

29.	 Jadon DR, Sengupta R, Nightingale A, Lu H, Dunphy J, Green A, et al. Serum 
bone-turnover biomarkers are associated with the occurrence of peripheral 
and axial arthritis in psoriatic disease: a prospective cross-sectional compara-
tive study. Arthritis Res Ther. 2017;19(1):210.

30.	 Li J, Sarosi I, Cattley RC, Pretorius J, Asuncion F, Grisanti M, et al. Dkk1-medi-
ated inhibition of wnt signaling in bone results in osteopenia. Bone. 2006 
Oct;39(4):754–66.

31.	 Cheng H, Jiang W, Phillips FM, Haydon RC, Peng Y, Zhou L, et al. Osteogenic 
activity of the fourteen types of human bone morphogenetic proteins 
(BMPs). J Bone Joint Surg Am. 2003;85:1544–52.



Page 14 of 14Pinto Tasende et al. BMC Musculoskeletal Disorders          (2023) 24:246 

32.	 Wozney JM, Rosen V, Celeste AJ, Mitsock LM, Whitters MJ, Kriz RW et al. Novel 
regulators of bone formation: molecular clones and activities.Science. 1988 
Dec16;242(4885):1528–34.

33.	 Osta B, Lavocat F, Eljaafari A, Miossec P. Effects of Interleukin-17A on 
osteogenic differentiation of isolated human mesenchymal stem cells. Front 
Immunol. 2014;5:425.

34.	 Shaw AT, Gravallese EM. Mediators of inflammation and bone remodeling in 
rheumatic disease. Semin Cell Dev Biol. 2016;49:2–10.

35.	 Diarra D, Stolina M, Polzer K, Zwerina J, Ominsky MS, Dwyer D, et al. 
Dickkopf-1 is a master regulator of joint remodeling. Nat Med. 2007 
Feb;13(2):156–63.

36.	 Zhang JR, Pang DD, Tong Q, Liu X, Su DF, Dai SM. Different Modulatory Effects 
of IL-17, IL-22, and IL-23 on osteoblast differentiation. Mediators Inflamm. 
2017;2017:5950395.

37.	 Molnar V, Matišić V, Kodvanj I, Bjelica R, Jeleč Ž, Hudetz D, et al. Cytokines 
and Chemokines involved in Osteoar-thritis Pathogenesis. Int J Mol Sci. 
2021;22(17):9208.

38.	 Li Y, Jiang L, Zhang S, Yin L, Ma L, He D, Shen J. Methotrexate attenuates 
the Th17/IL-17 levels in peripheral blood mononuclear cells from healthy 
individuals and RA patients. Rheumatol Int. 2012 Aug;32(8):2415–22.

39.	 Monserrat Sanz J, Bohórquez C, Gómez AM, Movasat A, Pérez A, Ruíz L, Diaz 
D, Sánchez AI, Albarrán F, Sanz I, Álvarez-Mon M. Methrotexate Treatment 
Inmunomodulates Abnormal Cytokine Expression by T CD4 Lymphocytes 
Present in DMARD-Naïve Rheumatoid Arthritis Patients. Int J Mol Sci. 2020 
Sep 18;21(18):6847.

40.	 Wohlfahrt T, Rauber S, Uebe S, Luber M, Soare A, Ekici A, et al. PU.1 controls 
fibroblast polarization and tissue fibrosis. Nature. 2019;566:344–9.

41.	 Pachowsky ML, Raimondo MG, Xu C, Rauber S, Tascilar K, Labinski H, et al. 
Concise report: a minimal-invasive method to retrieve and identify entheseal 
tissue from psoriatic arthritis patients. Ann Rheum Dis. 2022;81:1131–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Increased synovial immunohistochemistry reactivity of TGF-β1 in erosive peripheral psoriatic arthritis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patients and samples
	﻿Arthroscopies
	﻿Histopathological analysis and immunohistochemistry: quantification of protein expression in IHC staining
	﻿Determination of serum levels of proteins: enzyme-linked ImmunoSorbent Assay (ELISA)
	﻿Determination of gene expression in synovial tissue: quantitative real-time PCR (qRT-PCR)
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿References


