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AbstrACt

Objective This study compared demographic, clinical 
and laboratory characteristics between patients with 
radiographic and non-radiographic axial spondyloarthritis 
(axSpA).
Methods In this single-centre cross-sectional study, a 
total of 246 patients with axSpA fulfilling the imaging arm 
of Assessment of SpondyloArthritis International Society 
classification criteria were recruited. A total of 140 patients 
were diagnosed as non-radiographic axial spondyloarthritis 
(nr-axSpA), and 106 patients had ankylosing spondylitis 
(AS). Sociodemographic characteristics, disease 
manifestations, clinical and laboratory disease activity and 
their differences between subsets were analysed. P values 
below 0.05 with CI 95% were considered statistically 
significant.
results More nr-axSpA patients were women (61.4%) 
compared with 24.7% of AS patients. First symptoms 
developed earlier in AS patients compared with nr-axSpA 
(23.0 (IQR 17.5–30.0) vs 27.8 (IQR 21.0–33.7) years, 
p=0.001). Disease manifestations did not differ, but 
patients with nr-axSpA experienced peripheral arthritis 
more frequently (35.7% vs 17.0%, p=0.001) with less hip 
involvement (8.6% vs 18.9%, p=0.022) compared with 
patients with AS. Patients with AS exhibited worse spinal 
mobility and physical function compared with nr-axSpA. AS 
Disease Activity Scores and CRP levels were significantly 
higher in patients with AS compared with nr-axSpA 
(2.4 (IQR 1.7–2.8) vs 2.0 (IQR 1.1–2.3), p=0.022 and 
7.1 (IQR 2.6–14.9) vs 2.5 (IQR 0.8–8.2) mg/L, p<0.001, 
respectively).
Conclusions Our data demonstrated some known and 
also novel differences between the two imaging arm 
fulfilling axSpA subgroups. Non-radiographic patients 
were mostly women who had experienced shorter disease 
duration, milder disease activity and better functional 
status with less hip involvement but more peripheral 
arthritis compared with patients with AS.

IntrOduCtIOn   

Spondyloarthritis (SpA) is a frequent chronic 
inflammatory disease that primarily affects 
the axial skeleton and causes a typical lower 
back pain. SpA is a heterogeneous group of 
disorders that share common clinical features, 
including peripheral arthritis, enthesitis and 
extra-articular manifestations, such as uveitis, 
inflammatory bowel disease (IBD) or psori-
asis.1 SpA is divided into predominantly 
axial or predominantly peripheral disease 
based on the sites of inflammation.2 Anky-
losing spondylitis (AS) is a prototype of axial 
spondyloarthritis (axSpA). The prevalence 
of axSpA is approximately 0.7%–1.4% in 
the general population.3 Patients generally 
develop signs of inflammatory back pain that 
correspond to sacroiliitis (or spondylitis) as 
detected by imaging. AS is a slowly progressive 
disease that is defined using modified New 
York classification criteria, in which conven-
tional radiographs of the sacroiliac (SI) joints 
exhibit definite structural changes.4 

strengths and limitations of this study

 ► A strength of this study is the large sample size.
 ► This is the first study investigating the differenc-
es between axial spondyloarthritis patients in the 
Czech Republic.

 ► We included only patients fulfilling imaging arm 
of Assessment of SpondyloArthritis International 
Society   classification criteria (ankylosing spondy-
litis and non-radiographic axial spondyloarthritis), 
patients fulfilling only clinical arm were not included.

 ► One of the limitations was that the MRI was per-
formed in several imaging centres.
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Many patients develop similar axial symptoms but lack 
the typical changes on radiographs, which potentially 
causes delayed or missed diagnosis.5 MRI is used to visu-
alise the radio,graphic changes that typically occur several 
years after SI joint inflammation. MRI is also included in 
the new Assessment of SpondyloArthritis International 
Society (ASAS) classification criteria for axSpA to enable 
the diagnosis of non-radiographic axSpA (nr-axSpA).6 
Nr-axSpA may be a prestage of AS; however, not all of 
these patients develop the destructive joint changes that 
are typical of long-standing disease. Only approximately 
10%–20% of patients with nr-axSpA develop structural 
changes and AS over in the subsequent 2 years, and 
approximately half of the patients exhibit radiographic 
sacroiliitis after 5 years of the disease.7

Some recent studies investigated differences between 
these two subgroups.8–10 These studies varied in male-to-
female ratios, the proportion of patients with objective 
signs of inflammation (such as bone marrow oedema), and 
the proportion of patients with increased levels of C-re-
active protein (CRP), all of which are higher in patients 
with AS.8–10 Clinical characteristics such as disease activity, 
physical impairment and quality of life were comparable 
between these two subgroups.11 12 However, some incon-
sistencies exist. Therefore, our study described the base-
line demographic, clinical and laboratory characteristics 
of axSpA patients and examined differences between AS 
and nr-axSpA subgroups fulfilling the imaging arm of 
ASAS classification criteria.

Patients and methods

This study is a descriptive, single-centre, cross-sectional, 
ongoing study of the Prague Spondyloarthritis Cohort 
(PRASPAC), which included 246 patients who fulfilled 
the ASAS classification criteria for axSpA.13 Patients 
with a suspicion of SpA were referred to our special-
ised early-SpA centre in the outpatient department of 
the Institute of Rheumatology mostly by general practi-
tioners/ophthalmologists/rheumatologists (minority of 
patients by other specialists) from the central region of 
the Czech Republic. Patients were further classified as AS 
or nr-axSpA based on radiographic findings, and irrespec-
tive of the presence of psoriasis or IBD. Patients were clas-
sified as nr-axSpA if radiographic changes in the SI joints 
of at least grade II bilaterally or grade III or IV unilat-
erally were lacking, and positive MRI (ie, characteristic 
bone marrow oedema) was present with at least one SpA 
feature. Patients were classified as AS according to New 
York classification criteria.4 Patients who fulfilled only 
clinical arm of ASAS classification criteria were included 
in the PRASPAC and underwent the same examination 
protocol. However, these patients were not included in 
our analyses. No restrictions for disease duration or treat-
ment protocol were used at inclusion.

All patients were recruited from October 2012 to 
March 2016 at the outpatient rheumatology department 
of the Institute of Rheumatology in Prague and were 
followed every 6 months for the first 2 years. Trained 

rheumatologists obtained data related to the disease status 
according to recommended standardised methodologies: 
metrology (modified Schober, occiput to wall, chin–chest 
distance and chest expansion), Maastricht Ankylosing 
Spondylitis Enthesitis Score,14 swollen joint count and 
tender joint count (SJC and TJC), physician global assess-
ment (MDGAS), Ankylosing Spondylitis Disease Activity 
Score (ASDAS-CRP),15 Bath Ankylosing Spondylitis 
Disease Activity Index (BASDAI)16 and Bath Ankylosing 
Spondylitis Functional Index (BASFI).17 Laboratory 
parameters (CRP and erythrocyte sedimentation rate 
[ESR]) were analysed from blood samples at each visit. 
Additional data related to the diagnosis were obtained 
at the recruitment visit, including age at the onset of 
first symptoms, type of first symptom (eg, back pain, 
peripheral arthritis and extra-articular manifestations), 
age at diagnosis, family history (AS, IBD and psoriasis), 
inflammatory back pain, occurrence of peripheral or hip 
arthritis and extra-articular manifestations, previous and 
current medications (non-steroidal anti-inflammatory 
drugs [NSAIDs], conventional synthetic disease-modi-
fying antirheumatic drugs [csDMARDs], glucocorticoids, 
biological treatment [bDMARDs]), HLA-B27 positivity 
and sociodemographic data (age, gender, Body Mass 
Index [BMI]), current/ex/non-smoker). Both axSpA 
subsets were treated according to the EULAR recommen-
dations for the management of SpA. Patients with mild 
disease were treated with NSAIDs on demand. Most of the 
patients with previously developed peripheral arthritis 
were treated with csDMARDs. Patients with severe disease 
were treated with bDMARDs. The study was initiated 
before anti-TNF treatment was approved for nr-axSpA 
by local authorities. Data presented in this study were 
collected from the recruitment visit.

Patient and public involvement

The patients and/or public were not involved in the 
design, recruitment or conduct of the study.

Imaging

Radiographs of the SI joints and lumbar and cervical 
spine from all patients were obtained prior to recruit-
ment, and a trained rheumatologist and/or central 
radiologist scored the radiographs for the initial disease 
classification. Radiographic sacroiliitis was scored from 
grade 0 (normal) to grade 4 (ankylosis) according to 
the Bennett scoring system.18 Cervical and lumbar spines 
were scored according to the modified Stoke AS Spine 
Score.19 A trained rheumatologist scored MRI images 
from nr-axSpA patients obtained at recruitment.

Laboratory analysis

Fasting blood samples were collected from all patients 
on the same day as the clinical examination. CRP levels 
were measured using turbidimetry (Beckman Coulter,   
Pasadena, CA, USA), and ESR was measured according 
to the Fahraeus Westergren method in a routine clinical 
laboratory. HLA-B27 was detected using flow cytometry 
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kits (IOTest HLA-B27-FITC/HLA-B7-PE, Beckman 
Coulter—Immunotech SAS, Marseille, France) and 
BDTM HLA-B27 Kit (BD Bioscience, San Jose, CA, USA) 
according to the manufacturer’s protocol.

statistical analysis

Statistical analysis was performed using GraphPad 
Prism 5.1. A Kolmogorov-Smirnov test of normality was 
performed for all variables. Categorical variables were 
compared between groups using Fisher’s exact test. Data 
for continuous variables are presented as the median with 
IQR, and variables were compared using Mann-Whitney 
tests if not stated otherwise. P values below 0.05 with CI 
95% were considered statistically significant for all statis-
tical evaluations.

resuLts

demographic data

A total of 246 patients who fulfilled ASAS classification 
criteria for axSpA were included in this study. Table 1 
shows patients’ demographic data. The entire group 
consisted of 106 patients with AS (43.1%) and 140 patients 
with nr-axSpA (56.9%). There was no gender predomi-
nance in the entire group (male-to-female ratio: 53.3% 
vs 46.7%). However, most of the nr-axSpA patients were 
women compared with the AS patients (p<0.001). There 
were no significant differences in age, BMI or smoking 
history between AS and nr-axSpA patients.

Mean age at the diagnosis was 33.2 years, and the 
disease duration from first symptoms was 7.8 years for the 
entire axSpA group. The first clinical symptoms devel-
oped earlier in patients with AS compared with patients 
with nr-axSpA (p=0.001). AS patients were younger at the 
time of diagnosis than nr-axSpA patients (p=0.023).

Clinical parameters

Disease activity as determined by ASDAS-CRP was 2.2 in 
the entire axSpA group, and it was significantly higher in 
AS patients compared with nr-axSpA patients (p=0.022). 
The mean BASDAI was 2.6 in the entire axSpA group, but 
it did not significantly differ between AS and nr-axSpA 
subgroups. AS patients exhibited significantly worse 
spinal mobility compared with nr-axSpA patients. AS 
patients exhibited worse BASFI compared with nr-axSpA 
patients (p=0.030).

Peripheral arthritis and hip arthritis were present 
in 27.6% and 13.0% of all axSpA patients, respectively. 
Patients with nr-axSpA exhibited peripheral arthritis more 
frequently and hip arthritis less frequently compared 
with AS patients (p=0.001 and p=0.022, respectively). SJC 
and TJC were significantly higher in nr-axSpA patients 
compared with AS patients (p=0.021 and p=0.015, respec-
tively). There were no significant differences in the first 
symptoms of the disease, extra-articular manifestations, 
or current and previous medications. Division of axSpA 
according to gender to compare joint variables (periph-
eral arthritis, hip arthritis, SJC and TJC) revealed a 

significant difference only in hip arthritis that was more 
frequent in male patients compared with female patients 
(p<0.001). Tables 1 and 2 present all clinical parameters.

Laboratory parameters

CRP serum levels (p<0.001) and ESR (p=0.007) were 
significantly higher in AS patients than nr-axSpA patients. 
HLA-B27 was found in most of the patients in this study 
(87.4%), and the prevalence of HLA-B27 was not signifi-
cantly higher in AS patients than nr-axSpA patients. 
Tables 1 and 2 show all of the laboratory parameters.

dIsCussIOn

This study investigated similarities and differences 
between AS and nr-axSpA subgroups fulfilling the 
imaging arm of ASAS classification criteria in a single-
centre axSpA cohort in Prague.

Demographic characteristics were comparable in both 
axSpA subgroups, except the male-to-female ratio, which 
was higher in AS patients than nr-axSpA patients, which 
is consistent with previous studies.8–11 The nr-axSpA 
subgroup consisted of more female patients than the 
AS subgroup. Our data also demonstrated that nr-axSpA 
patients presented first symptoms of the disease later than 
AS patients, which is also consistent with some previous 
studies.20 21 Male gender and early onset of the disease 
in AS were proposed prognostic factors for severe radio-
graphic damage,22 23 and female gender was associated 
with milder disease and later onset.24 Female predomi-
nance and later disease onset in nr-axSpA may underlie 
the lower percentage of nr-axSpA female patients 
progressing to AS.11

Positive family history is a common finding in SpA. For 
example, siblings of HLA-B27-positive AS patients exhibit 
a 50-fold increased risk of developing AS compared 
with the general population.25 Many patients, especially 
HLA-B27-positive patients, have a positive family history 
of SpA or related diseases. More than one-third of all 
cases had first-degree relatives with AS, psoriasis or IBD in 
our study. Furthermore, recent findings even suggest that 
a substantial proportion of healthy first-degree relatives 
of HLA-B27-positive AS patients exhibit clinical and/or 
imaging abnormalities suggestive of SpA, and almost 33% 
may be classified as SpA especially as nr-axSpA.26 Compar-
ison of first-degree relatives across gender did not reveal 
any differences, but a significantly greater frequency 
of positive family history was previously described in 
women.27 28 This result contrasts one study of the occur-
rence of SpA in first-degree relatives of patients in which 
no gender differences were demonstrated.29

The disease activity of axSpA patients, using ASDAS 
score and CRP levels, differed between subgroups but 
remained similar when BASDAI was used in the present 
study. AS patients exhibited significantly higher disease 
activity as determined by ASDAS and acute phase reac-
tants compared with nr-axSpA patients, which is consistent 
with previous studies.11 30 Elevated CRP may predict the 
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development of radiographic changes.8 However, recent 
findings demonstrated similar disease activity as deter-
mined by the BASDAI index between AS and nr-axSpA 
subgroups.8 The BASDAI may not be a reliable index for 
evaluating disease activity in axSpA because it reflects 
subjective perceptions of the disease. Spinal mobility 
measures and BASFI reflecting movement functions were 

significantly worse in the AS patients, which is consis-
tent with the results of the German Spondyloarthritis 
Inception cohort.11 These results are most likely due to 
advanced structural changes in the spine of AS patients.

A recent meta-analysis found that arthritis and extra-ar-
ticular manifestations were equally prevalent in AS and 
nr-axSpA subgroups, except uveitis, which is slightly more 

Table 1 Baseline characteristics: demographic and clinical features of spondyloarthritis

Characteristic SpA nr-axSpA AS

M-W/FET 

p value

Age (years), median (IQR) 34.7 (29.3–43.5) 36.9 (29.2–46.9) 36.0 (29.3–44.1) 0.551 

Gender Male number (%) 131 (53.3) 54 (38.6) 77 (72.6) <0.001

BMI (kg/m2), median (IQR) 24.3 (21.7–27.4) 24.8 (21.6–28.2) 24.2 (22.6–26.6) 0.946

History of smoking

Ever-smoker, number (%) 107 (43.7) 52 (37.1) 55 (52.4) 0.138

HLA-B27 positive, number (%) 215 (87.4) 117 (83.6) 98 (92.5) 0.051

Disease duration, years (IQR) 7.8 (3.1–14.5) 5.6 (2.6–12.2) 10.2 (5.1–15.5) 0.001

First symptom 0.086

Back pain, number (%) 195 (79.3) 104 (74.3) 91 (85.8)

Peripheral arthritis, number (%) 27 (11.0) 19 (13.6) 8 (7.5)

Extra-articular manifestations, 
number (%)

24 (9.8) 17 (12.1) 7 (6.6)

Family history

First-degree relatives, number 
(%)

86 (35.0) 38 (27.1) 24 (22.6) 0.460

Second-degree relatives, 
number (%)

28 (11.4) 18 (12.9) 10 (9.4) 0.426

History of

Peripheral arthritis, number (%) 68 (27.6) 50 (35.7) 18 (17) 0.001

Hip arthritis, number (%) 32 (13.0) 12 (8.6) 20 (18.9) 0.022

Uveitis, number (%) 63 (25.6) 39 (27.9) 24 (22.6) 0.379

IBD, number (%) 13 (5.3) 9 (6.4) 4 (3.8)

Psoriasis, number (%) 1 (0.4) 0 (0) 1 (0.9)

Other, number (%) 3 (1.2) 1 (0.7) 2 (1.9)

Current symptoms

MASES, median (IQR) 0.0 (0.0–2.0) 0.0 (0.0–2.0) 0.0 (0.0–1.3) 0.289

SJC, mean (±SD) 0.4 (1.4) 0.5 (1.5) 0.3 (1.4) 0.021

TJC, mean (±SD) 0.4 (1.4) 0.5 (1.4) 0.3 (1.7) 0.015

Current medication

NSAIDs, number (%) 126 (51.2) 71 (50.7) 55 (51.9) 0.898 

CsDMARDs, number (%) 39 (15.9) 26 (18.6) 13 (12.3) 0.218 

Corticosteroids, number (%) 5 (2) 2 (1.4) 3 (2.8)

BoDMARDs/bsDMARDs, 
number (%)*

6 (2.4) 2 (1.4) 4 (3.8)

*Adalimumab two patients; certolizumab  one patient; golimumab  two patients; infliximab one patient. 
 AS, ankylosing spondylitis; BMI, Body Mass Index; BoDMARDs, biological original disease modifying antirheumatic drugs; bsDMARDs, 
biosimilar disease modifying antirheumatic drugs; csDMARDs, conventional synthetic disease modifying antirheumatic drugs; IBD, 
inflammatory bowel disease; MASES, Maastricht Ankylosing Spondylitis Enthesitis Score; M-W/FETp, Mann-Whitney/Fisher exact test p 
value; nr-axSpA, non-radiographic axial spondyloarthritis; NSAIDs, non-steroidal anti-inflammatory drugs; SJC, swollen joint count; SpA, 
spondyloarthritis; TJC, tender joint count. 
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prevalent in AS patients.12 However, our study demon-
strated a significant difference between the occurrence 
of peripheral arthritis, which was more frequent in the 
nr-axSpA than AS subgroup. A large SpA cohort recently 
demonstrated more peripheral involvement in women,27 
which may explain the higher prevalence of peripheral 
arthritis in nr-axSpA with the larger female predomi-
nance, at least in the present study. Hip involvement was 
more frequent in AS patients than the nr-axSpA patients 
in our cohort. Hip involvement is more prevalent in 
patients with a younger disease onset, which may be asso-
ciated with more severe axial disease, and it represents a 
prognostic factor for severe outcome.23 31

Our study has some limitations. First, four assessors exam-
ined the patients, which may cause possible inter-rater vari-
ability. Second, MRI was performed in several centres, and 
two MRI sequences were not available for reassessment at 
the time of data analysis. Therefore, we followed the written 
report from the MRI examination to divide the patients into 
AS or nr-axSpA subgroups. We have tried to reduce possible 
bias by excluding patients fulfilling only the clinical arm of 
ASAS classification criteria and included only patients with 
sacroiliitis confirmed by MR (nr-axSpA) or conventional 
X-ray (AS). Patients fulfilling only the clinical arm had lower 
participation in the study and fulfilling only clinical arm of 
ASAS classification criteria provide relatively low sensitivity 
and specificity and sometimes causing questionable or 
borderline diagnosis.

COnCLusIOns

In summary, although disease activity, as determined by 
ASDAS and acute phase reactants, and functional limita-
tions are worse in AS compared with nr-axSpA patients 
fulfilling the imaging arm of ASAS classification criteria, 
we confirmed that patients with nr-axSpA and patients 
with AS share some similar disease manifestations. 
However, they differ in gender ratio where women are 

more prevalent in nr-axSpA than in AS subset and surpris-
ingly, peripheral arthritis, unlike hip joint involvement, 
was more prevalent in nr-axSpA compared with AS subset. 
To conclude, patients with nr-axSpA and AS exhibited 
many similarities despite the issue of classification, which 
suggests a common therapeutic approach.
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Abstract

The purpose of this cross-sectional study was to assess the visfatin levels in patients with axial spondyloarthritis (axSpA) 
and to investigate the association between visfatin, disease activity and radiographic spinal damage. Serum visfatin levels 
were determined by enzyme-linked immunosorbent assay in 64 patients with axSpA (46 with radiographic axSpA (r-axSpA) 
and 18 with non-radiographic axSpA (nr-axSpA)) and 61 age-/sex-matched healthy individuals. Patients with r-axSpA were 
further divided into two subsets based on radiographic spinal damage using modified Stoke Ankylosing Spondylitis Spine 
Score (mSASSS = 0 and mSASSS ≥ 1). The Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) was used to 
assess disease activity. C-reactive protein (CRP) levels and human leukocyte antigen (HLA)-B27 were determined. Vis-
fatin levels were significantly higher in patients with axSpA and in the subgroup of patients with r-axSpA than in healthy 
individuals (p = 0.010 and p = 0.005, respectively), with no difference between patients with r-axSpA and with nr-axSpA. 
In general, disease activity was high (mean BASDAI 5.01) and was moderately correlated with visfatin levels (r = 0.585; 
p = 0.011) in patients with nr-axSpA. Visfatin levels correlated with mSASSS (r = 0.281; p = 0.026) and were significantly 
higher in axSpA patients with mSASSS ≥ 1 than in those with mSASSS = 0 (p = 0.025). Our study showed that circulating 
visfatin levels are elevated in axSpA patients, may be associated with disease activity in early phase of the disease and with 
the degree of radiographic spinal involvement.

Keywords Axial spondyloarthritis · Visfatin · Disease activity · Radiographic damage
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Introduction

Axial spondyloarthritis (axSpA) is a chronic inflamma-
tory disease predominantly affecting the axial skeleton 
(sacroiliac joints (SIJ) and spine). Peripheral and extra-
articular manifestations, such as dactylitis, enthesitis, 
uveitis, inflammatory bowel disease and psoriasis, can also 
be associated with axSpA. Depending on the presence of 
radiographic sacroiliitis, patients with axSpA are further 
classified as having non-radiographic axSpA (nr-axSpA) 
or radiographic axSpA (r-axSpA) [1].

However, the diagnosis of the early phases of axSpA 
remains challenging. In recent years, great effort has been 
made to find a reliable biomarker of the disease [2–4]. A 
biomarker is defined as “a characteristic that is objectively 
measured and evaluated as an indicator of normal bio-
logic processes, pathogenic processes, or pharmacologic 
responses to a therapeutic intervention” [5]. In patients 
with axSpA, such a biomarker could be used not only for 
the early detection of the disease but also for the evalua-
tion of disease activity, disease progression and treatment 
response [3]. Currently, human leukocyte antigen (HLA)-
B27 is considered to be the marker with the highest diag-
nostic value, while C-reactive protein (CRP) is useful for 
assessing disease activity and predicting disease progres-
sion or treatment response [4].

Adipokines are biologically active substances that 
are produced and released predominantly by adipose 
tissue. They have many regulatory functions in energy 
metabolism, as well as in inflammation and joint tissue 
metabolism [6, 7]. Several studies have already reported 
associations between some adipokines and r-axSpA [8, 
9]. However, their exact role in the pathogenesis of the 
disease and their potential to serve as a disease biomarker 
is still unclear.

Visfatin, which is also known as pre-B-cell colony-
enhancing factor (PBEF) or nicotinamide phosphoribo-
syltransferase (NAMPT), is a 52-kDa adipokine that is 
expressed in a wide range of tissues, including the bone 
marrow, liver and muscle [10]. Visfatin has proinflamma-
tory properties [11], and its expression is enhanced in a 
variety of metabolic and inflammatory diseases [12]. In 
previous studies, visfatin was shown to play a role in bone 
homeostasis by stimulating osteoblast proliferation [13] 
and inhibiting osteoclastogenesis [14, 15].

Recently, serum visfatin levels were found to be 
increased in patients with r-axSpA compared with healthy 
controls, and higher baseline visfatin levels were associ-
ated with subsequent progression of radiographic dam-
age in r-axSpA [8]. Although several other studies have 
analysed visfatin in r-axSpA [16, 17], the data regard-
ing patients with non-radiographic axSpA are lacking. 

Therefore, the aim of our study was to assess the serum 
visfatin levels in patients with r-axSpA and nr-axSpA and 
to investigate the association between visfatin, disease 
activity and radiographic damage.

Materials and methods

Patients

Sixty-four patients who fulfilled the Assessment of Spondy-
loArthritis international Society (ASAS) classification cri-
teria for axSpA were included in this study [18]. Based on 
imaging, patients were further classified as r-axSpA (n = 46) 
and nr-axSpA (n = 18). Patients with r-axSpA were divided 
into two subsets based on radiographic findings using 
the modified Stoke Ankylosing Spondylitis Spine Score 
(mSASSS: mSASSS = 0 (22 patients with SIJ involvement 
only) and mSASSS ≥ 1 (24 patients with involvement of both 
the SIJ and the spine).

The following information was collected: clinical and 
laboratory disease activity measures; demographic status; 
disease-related factors, such as the Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI) and CRP levels; 
current medications (non-steroidal anti-inflammatory drugs 
(NSAIDs), conventional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs), glucocorticoids, biological 
treatments (bDMARDs)); age, gender; body mass index 
(BMI); initial symptoms (e.g., back pain, peripheral arthritis, 
extra-articular manifestations); age at diagnosis; occurrence 
of peripheral arthritis and extra-articular manifestations; and 
the presence of HLA-B27 antigen. Sixty-one age- and sex-
matched healthy subjects were enrolled in the study. The 
local ethics committee of the Institute of Rheumatology in 
Prague approved this study. Written informed consent was 
obtained from all individuals prior to initiation of the study.

Imaging

Radiographs of the SIJ, lumbar and cervical spine were 
obtained from majority of patients (except for one patient) 
prior to blood collection. A trained rheumatologist and a 
central radiologist scored the radiographs for the initial dis-
ease classification, and both were blinded to all the clinical 
data. Cervical and lumbar spine radiographs were scored 
according to the mSASSS [18].

Patients were classified as r-axSpA according to the New 
York classification criteria [19] and as nr-axSpA if the radio-
graphic findings of the SIJ were negative (grade I bilaterally 
or grade II unilaterally) and the magnetic resonance imag-
ing (MRI) was positive (i.e., characteristic bone marrow 
oedema) with at least one feature of SpA, according to the 
ASAS classification criteria for axial spondyloarthritis [18]. 
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MRI images were obtained prior to recruitment and scored 
by a trained rheumatologist who was blinded to all the clini-
cal data.

Laboratory analysis

Fasting blood samples were collected from all the individu-
als and immediately centrifuged. The serum samples were 
stored at − 80 °C until analysis. Serum visfatin levels were 
analysed by a commercially available enzyme-linked immu-
nosorbent assay (ELISA) kit (Biovision, Milpitas, CA, USA) 
according to the manufacturer’s protocol. The absorbance 
was measured using a Sunrise ELISA reader (Tecan, Salz-
burg, Austria) with 450 nm as the primary wavelength. The 
assay sensitivity was 30 pg/mL, and the detection limit (cut-
off) was 0.125 ng/mL. The intra- and inter-assay coefficient 
of variation was 3.5% and 5.3%, respectively.

Serum CRP levels were determined by an immuno-tur-
bidimetric technique using an Olympus AU 680 biochemi-
cal analyser (Olympus Optical, Tokyo, Japan), reference 
range of CRP was 0–5 mg/L, the intra-assay variability was 
5.73–0.8%, and the inter-assay variability was 6.5–2.3%.

HLA-B27 was detected by flow cytometry using an 
IOTest HLA-B27-FITC/HLA-B7-PE (Beckman Coulter-
Immunotech SAS, Marseille, France) and a BDTM HLA-
B27 Kit (BD Bioscience, San Jose, CA, USA).

Statistical analysis

Statistical analyses were performed with GraphPad Prism 
5.1 (GraphPad Software, San Diego, CA, USA). The Kol-
mogorov–Smirnov test of normality was used for all the 
variables. Based on distribution, the data are presented as the 
median [interquartile range (IQR)] or mean ± SD. Because 
of non-normality of data, the non-parametric tests were used 
for group comparison and correlational analyses. Spear-
man’s correlation coefficients were calculated to determine 
the association between visfatin levels and the other vari-
ables. For comparison between the groups, the Mann–Whit-
ney U test was used. Fisher’s exact test was performed for 
the analysis of categorical variables. P values less than 0.05 
were considered statistically significant.

Results

Characteristics of patients

The patients’ demographic and clinical characteristics are 
summarized in Table 1. Sixty-four patients with axSpA were 
enrolled in this study [47 males and 17 females, median 
(IQR) age 35.1 (29.3–40.1) years, 92% HLA-B27 positive]. 
The proportion of male patients with r-axSpA was higher 

Table 1  Characteristics of patients with axial spondyloarthritis and healthy controls

Data are presented as the median (interquartile range) or mean ± SD

axSpA axial spondyloarthritis; nr-axSpA non-radiographic axial spondyloarthritis; r-axSpA radiographic axial spondyloarthritis; HC healthy con-
trols; BASDAI Bath Ankylosing Spondylitis Disease Activity Index; CRP C-reactive protein; csDMARDs conventional synthetic disease-modify-
ing antirheumatic drugs sulfasalazine (n = 8), methotrexate (n = 2), azathioprine (n = 1); bDMARDs biological disease-modifying antirheumatic 
drugs [adalimumab (n = 1), golimumab (n = 2), etanercept (n = 9), infliximab (n = 3)]

Characteristic nr-axSpA r-axSpA axSpA HC

Patients (n) 18 46 64 61

Gender (male/female) 8/10 39/7 47/17 44/17

Age (years) 36.3 (29.1–42.8) 34.8 (29.2–39.4) 35.1 (29.3–40.1) 36.0 (31.0–48.0)

BMI (kg/m2) 24.67 ± 4.06 26.61 ± 3.83 24.08 ± 3.95 27.05 ± 3.98

CRP (mg/L) 4.01 (1.26–12.74) 11.08 (5.04–19.60) 9.67 (3.48–16.43) 0.94 (0.13–7.00)

Visfatin (ng/mL) 2.25 (0.89–3.13) 2.77 (1.25–4.43) 2.69 (1.09–4.27) 1.62 (0.93–2.66)

Disease duration (years) 0.2 (0.0–4.0) 5.0 (2.0–9.0) 4.0 (0.5–8.0) –

HLA-B27 positivity (n, %) 17 (94%) 42 (91%) 59 (92%) –

BASDAI 4.78 (1.53–6.25) 5.38 (3.15–7.57) 5.01 (2.68–7.29) –

csDMARDs (n, %) 6 (33%) 5 (11%) 11 (17%) –

bDMARDs (n, %) 1 (6%) 14 (30%) 15 (23%) –

mSASSS ≥ 1/mSASSS = 0 (n) 0/18 22/24 22/42 –

Extra-articular features (n, %) 15 (83%) 25 (54%) 40 (62%) –

Enthesitis/tendinitis (n, %) 11 (61%) 12 (26%) 23 (36%) –

Peripheral arthritis (n, %) 14 (77%) 19 (41%) 33 (52%) –

Uveitis (n, %) 7 (38%) 15 (32%) 22 (34%) –

Psoriasis (n, %) 0 (0%) 2 (4%) 2 (3%) –

Dactylitis (n, %) 2 (11%) 3 (7%) 5 (8%) –
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than the proportion of those with nr-axSpA (p = 0.003). 
Patients with r-axSpA had a significantly longer disease 
duration (p < 0.001) and higher CRP levels (p = 0.013) than 
those with nr-axSpA. Peripheral arthritis, extra-articular 
manifestations, enthesitis and/or tendinitis were significantly 
more frequent in patients with nr-axSpA compared with 
patients with r-axSpA (p = 0.012, p = 0.044 and p = 0.019, 
respectively). Age, BMI, BASDAI and HLA-B27 positivity 
were comparable between the two subgroups of patients. 
Out of all, one patient suffered from diabetes mellitus type 
2 and another patient had insulin resistance. Both patients 
were from nr-axSpA group.

Serum visfatin levels are elevated in patients 
with axSpA

Serum visfatin levels were significantly higher in patients 
with axSpA than in healthy individuals [2.69 (1.09–4.27) vs. 
1.62 (0.93–2.70) ng/mL; p = 0.009] (Fig. 1a). After divid-
ing the patients into r-axSpA and nr-axSpA subgroups, the 
difference remained statistically significant only for patients 
with r-axSpA [2.77 (1.25–4.43) vs. 1.62 (0.93–2.70) ng/mL; 
p = 0.005], but not for those with nr-axSpA [2.25 (0.89–3.13) 
vs. 1.62 (0.93–2.70) ng/mL; p = 0.390]. The concentrations 

of visfatin were comparable between patients with nr-axSpA 
and r-axSpA (p = 0.235) (Fig. 1b). There was no difference 
in the visfatin levels between patients receiving biologi-
cal therapy compared to patients not receiving biological 
therapy [2.45 (1.45–4.28) vs. 2.75 (1.00–4.28)  ng/mL; 
p = 0.918]. In addition, excluding the two patients with dia-
betes mellitus and insulin resistance from nr-axSpA group 
did not affect statistical visfatin level differences among 
groups (Supplementary Figure 1).

Visfatin levels in relationship to radiographic 
damage and disease activity

In patients with axSpA, serum visfatin levels were signifi-
cantly higher in individuals with mSASSS ≥ 1 than in those 
with mSASSS = 0 [4.12 (1.65–5.41) vs. 2.33 (0.87–3.49) ng/
mL; p = 0.025] (Fig. 2a). Furthermore, a positive correla-
tion between visfatin levels and mSASSS was confirmed 
(r = 0.281; p = 0.026) (Fig. 2b). In the r-axSpA subgroup, 
patients with mSASSS ≥ 1 showed non-significantly 
higher levels of visfatin than those with mSASSS = 0 [3.05 
(1.92–5.53) vs. 2.26 (0.85–3.34) ng/mL; p = 0.053]. Vis-
fatin levels remained unchanged even after excluding the 

Fig. 1  Serum visfatin levels 
were significantly higher in 
patients with axial spondyloar-
thritis (axSpA) than in healthy 
controls (HC) (a), and they were 
comparable between patients 
with non-radiographic axial 
spondyloarthritis (nr-axSpA) 
and those with radiographic 
axSpA (r-axSpA) (b). The 
horizontal line represents the 
median. **p < 0.01. ns non-
significant
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Fig. 2  Serum visfatin levels 
were significantly higher 
in axSpA patients with 
mSASSS ≥ 1 than in those 
with mSASSS = 0 (a) and 
were positively correlated with 
mSASSS (b). The horizontal 
line represents the median. 
*p < 0.05. mSASSS modified 
Stoke Ankylosing Spondylitis 
Spine Score. P values are results 
of Mann–Whitney and Spear-
man correlation tests

18

0 5 10 15
0

20

40

60

80 r = 0.281, p = 0.026
B

Visfatin (ng/ml)

m
S

A
S

S
S

0

5

10

15

mSASSS > 1 mSASSS = 0

*

A

V
is

fa
ti

n
 (

n
g

/m
l)



Rheumatology International 

1 3

two patients with diabetes mellitus and insulin resistance 
from nr-axSpA group.

The levels of visfatin did not differ between males and 
females or between patients with and without the presence of 
extra-articular manifestations, peripheral joint involvement 
or HLA-B27 antigen in any of the study groups. Similarly, 
there was no association of visfatin levels with age, disease 
duration, BMI or CRP levels. In patients with nr-axSpA, but 
not in patients with r-axSpA, visfatin levels were positively 
correlated with the BASDAI (r = 0.585; p = 0.011) (Fig. 3). 
After excluding the two patients with diabetes mellitus and 
insulin resistance, the correlation even improved (r = 0.732, 
p = 0.001). In the total group of axSpA patients, there was 
no difference in the visfatin levels between patients with 
BASDAI ≥ 4 compared to those with BASDAI < 4 [2.78 
(1.33–4.28) vs. 2.11 (0.82–4.28) ng/mL; p = 0.395].

Discussion

In the present study, we showed that higher serum visfatin 
levels are found in patients with axSpA than in healthy indi-
viduals and that there is an association between visfatin lev-
els and radiographic spinal damage.

A number of studies have reported that visfatin regulates 
joint tissue metabolism and exerts proinflammatory effects 
[11, 13–15, 20]. However, the data regarding a possible link 
between visfatin, r-axSpA and nr-axSpA are limited. In the 
present study, we found higher levels of visfatin in patients 
with axSpA, and particularly in the subgroup of patients 
with r-axSpA, than in healthy controls. In line with our 
findings, higher serum visfatin levels were demonstrated in 
patients with r-axSpA than in healthy subjects in a previous 
study by Syrbe et al. [8]. As far as we know, visfatin levels 
in patients with nr-axSpA have not been studied to date. We 
showed that visfatin levels in patients with nr-axSpA are 

comparable to those in patients with r-axSpA but are not 
significantly higher than those in healthy controls. Interest-
ingly, after dividing the patients into r-axSpA and nr-axSpA 
subsets, we observed significantly positive correlation 
between visfatin levels and the BASDAI in patients with 
nr-axSpA. However, this relationship was not found neither 
in patients with r-axSpA nor in the entire cohort of patients 
with axSpA. This discrepancy could be explained by lower 
number of patients with nr-axSpA and their slightly lower 
disease activity compared to those with r-axSpA. Since lim-
ited data on biomarkers in nr-axSpA exists, there is evidence 
that serum CRP levels are lower in patients with nr-axSpA 
compared to those with r-axSpA [21]. On the other side, 
Huang et al. [22] found that serum calprotectin levels were 
comparable between both subsets, correlated with inflam-
matory measures of axSpA, and were higher in both subsets 
compared to healthy subjects. In line with our study, calpro-
tectin, however, did not contribute to discriminate between 
non-radiographic and radiographic form of the disease.

In addition, we demonstrated comparable levels of vis-
fatin between patients with axSpA with and without the 
presence of extra-articular manifestations, peripheral arthri-
tis or the presence of HLA-B27 antigen. Furthermore, we 
did not observe any difference in visfatin levels due to sex, 
and there were no associations between visfatin levels and 
age, disease duration, BMI or CRP levels. These findings are 
consistent with those reported in other studies that evaluated 
patients with r-axSpA [8, 16, 17].

According to recent findings, MRI defined fatty lesions 
at anterior vertebral corners on spine are predictive of new 
bone formations [23]. Fatty lesions are thought to replace 
the active inflammatory lesions of bone marrow edema and 
from preliminary reports on biopsies performed from these 
sites, fatty lesions correspond to fat deposition in the bone 
marrow of patients with advanced r-axSpA. Since vertebral 
bone marrow is harbouring hematopoiesis, r-axSpA seems 
to lead to local disruption of hematopoiesis in the bone mar-
row microenvironment, which is followed by fat replacement 
[24]. Therefore, it can be speculated that adipokines might 
have some effects on the disease progression. Although 
increased visfatin is known to play a role in diabetes mellitus 
[25], excluding the two diabetic and prediabetic patients did 
not affect our results. As far as we know, there is no associa-
tion between diabetes mellitus and radiographic progression 
of axSpA, which is worth to explore in future studies.

It has recently been demonstrated that visfatin induces 
osteoblast proliferation and type I collagen production 
in vitro [13]. Moreover, visfatin has been shown to inhibit 
osteoclast formation and differentiation [14, 15]. There-
fore, we hypothesized that visfatin concentrations could be 
affected by bone changes and thus reflect syndesmophyte 
formation. In line with this, we found a positive correla-
tion between visfatin levels and radiographic damage as 
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assessed by the mSASSS in patients with axSpA and sig-
nificantly higher visfatin concentrations in patients with spi-
nal involvement than in those without spinal radiographic 
changes. On the other hand, we did not find any relation-
ship between visfatin levels and mSASSS in a subgroup of 
patients with r-axSpA. Previous studies examining the asso-
ciation between visfatin levels and radiographic changes in 
axSpA included only patients with radiographic form of the 
disease. Consistent with our findings, Syrbe et al. [8] also 
reported no significant association between visfatin levels 
and structural damage based on the mSASSS in patients 
with r-axSpA. Nevertheless, elevated baseline visfatin lev-
els were found to be predictive of subsequent radiographic 
progression and new syndesmophyte formation after 2 years 
[8]. However, ENRADAS study did not reveal correlation 
between visfatin levels and radiographic spinal progression 
or new syndesmophyte formation [9]. Thus, the association 
between visfatin levels and radiographic spinal damage or 
progression in patients with r-axSpA is not consistent across 
all studies and needs to be further determined.

Our study has several limitations. First, design of the 
study was cross-sectional. Therefore, a longitudinal asso-
ciation between visfatin levels and disease activity/improve-
ment could not be assessed. Long-term prospective study is 
needed to further investigate the role of visfatin in patients 
with axSpA. Second, the Ankylosing Spondylitis Disease 
Activity Score (ASDAS) was not calculated in majority of 
the patients, therefore, only the BASDAI was used for the 
evaluation of disease activity in this study. Third, low num-
ber of patients with nr-axSpA was included in our cohort.

Conclusion

In conclusion, we demonstrated elevated visfatin levels in 
patients with axSpA, particularly in those with r-axSpA. 
Furthermore, we found higher visfatin levels in patients with 
radiographic spinal involvement and a positive correlation 
between visfatin levels and radiographic spinal damage. 
These findings further support a possible role of visfatin in 
bone remodelling, the exact link between visfatin, new bone 
formation and a putative role of visfatin in early phases of 
axSpA pathogenesis need to be confirmed in a larger cohort 
of patients.
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Metabolites of C-reactive protein and vimentin are 

associated with disease activity of axial spondyloarthritis 

A.S. Siebuhr1, M. Hušáková2, S. Forejtová2, K. Zegzulková2, M. Tomčik2, 
M. Urbanová2, K. Grobelná2, J. Gatterová2, A.-C. Bay-Jensen1, K. Pavelka2

1Nordic Bioscience Biomarkers and Research, Herlev, Denmark; 2Institute of Rheumatology and 

Department of Rheumatology, First Faculty of Medicine, Charles University, Prague, Czech Republic. 

Abstract
Objective

Non-radiographic (nr-axSpA) and radiographic (AS) forms of axial spondyloarthritis (axSpA) share clinical features, 

but have different radiographic patterns. Radiographic progression is not associated with the current disease activity 

biomarkers. We investigated a matrix metalloproteinase mediated metabolite of C-reactive protein (CRPM) and two 

biomarkers of citrullinated vimentin (VICM and anti-MCV) as novel biomarkers of disease activity.

Methods

AxSpA patients (n=121 nr-axSpA and n=72 AS) were characterised by activity (AS disease activity score with CRP 

[ASDAS-CRP], Bath AS disease activity index [BASDAI] and functional index [BASFI]), radiographic scores and quality of 

life questionnaires. CRPM, VICM and anti-MCV levels were analysed by ELISA in serum. Asymptomatic controls (n=100) 

were used as reference. Multiple regression investigated association with disease activity and diagnostic potential. 

Results

CRPM and VICM levels were increased in AS compared to nr-axSpA (11.9nM vs. 10.2nM, p<0.001 and 4.92nM vs. 

3.77nM, p=0.0025). Anti-MCV was similar in both axSpA subgroups, but lowered in controls. In nr-axSpA, CRPM 

correlated with CRP (ρ=0.33, p<0.001) and VICM (ρ=0.29, p=0.001); in AS, VICM correlated with CRP (ρ=0.34, 
p=0.0032) and ESR (ρ=0.38, p<0.001). ASDAS-CRP correlated with CRPM and anti-MCV, but when adjusting for CRP 
the correlation only remained with CRPM. CRPM and VICM separated the subgroups with odds ratios of 1.19 and 1.10 

adjusted for age, gender, BMI, and disease duration. VICM lost significance when adjusting for CRP. 

Conclusion

CRPM was associated with disease activity in axSpA, and CRPM and VICM separated the axSpA groups. 

This study indicates that serological biomarkers may be novel biomarkers in axSpA. 

Key words

biomarkers, axial spondyloarthritis, ankylosing spondylitis, inflammation, vimentin
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Introduction 

Axial spondyloarthritis (axSpA) is a 
chronic inflammatory disorder with 
various musculoskeletal manifesta-
tions, such as inflammatory back pain, 
arthritis, and enthesitis (1). Clinical 
symptoms, HLA B27 status, and re-
sponse to pharmacological therapy are 
represented similarly in both axSpA 
forms (2-4). Patients with the non-ra-
diographic form of axSpA (nr-axSpA) 
have inflammatory changes of the sac-
roiliac joints (SIJ) and/or HLA B27 
positivity with other clinical axSpA 
signs (1). The radiographic form (AS) 
has definite radiographic features. Nr-
axSpA compared to AS patients are 
usually women with lower levels of in-
flammatory markers, such as C-reactive 
protein (CRP) (3, 4).  
Studies of registries with early axSpA 
cohorts have demonstrated that after the 
first two years 12% and, after 15 years 
26% of nr-axSpA patients have devel-
oped AS (5, 6). These radiographic 
changes included bone changes on SIJ 
according to the New York criteria for 
AS (7). Suggested risk factors for radio-
graphic progression are male gender (5), 
smoking, HLA B27 status (8), and ini-
tial inflammatory activity locally on SIJ 
or systemically assessed by biomarkers 
(such as elevated CRP or erythrocyte 
sedimentation rate (ESR)) (5, 8). The 
systemic inflammatory biomarkers may 
reflect the pathogenic processes of axS-
pA and are an important component for 
the axSpA diagnosis, evaluation of dis-
ease activity and prognosis. However, 
several pathologies influence the vari-
ability of CRP or ESR levels, and only 
up to half of AS patients with a higher 
disease activity have elevated CRP (4, 
9). A study found that CRP moderately 
reflected the improvement of spinal and 
SIJ inflammation after tumour necrosis 
factor inhibitors (TNFi) therapy (10), 
indicating CRP as a useful biomarker of 
treatment efficacy in SpA.
A microenvironment that may promote 
inflammation is present at sites of axSpA 
enthesitis and/or synovitis of spinal, SIJ, 
and peripheral joints. Proteases, such 
as matrix metalloproteinases (MMPs), 
support cell proliferation, differentia-
tion and apoptosis and are involved in 
the turnover of extracellular matrix 

(ECM). The expression of MMP-3 and 
-9 and MMPs regulators, tissue specific 
MMP inhibitors (TIMPs) 1 and 2 in 
particular, has been found to correlate 
with the inflammatory cell infiltration, 
vascularity and cartilage breakdown in 
the inflamed SpA joints (11). Moreover, 
the serum levels of MMP-3, -8, and -9 
were shown to reflect the increased dis-
ease activity and structural progression 
in AS (12, 13); thus MMPs are associ-
ated with axSpA. MMPs degrade the 
ECM and protein metabolites released 
into circulation may serve as pathologi-
cally relevant biomarkers. The MMPs 
mediated metabolite of CRP (CRPM) 
is suggested as a local tissue inflam-
mation biomarker (14) and seems to be 
more specific for AS than full-length 
CRP (15). The MMP derived metabo-
lite of citrullinated vimentin (VICM) 
have been associated with disease activ-
ity and radiographic progression in AS 
(16). Vimentin is a type III intermedi-
ate filament protein involved in cell 
integrity, migration and signalling, but 
it is secreted to the extracellular space 
by activated macrophages (2, 17). In a 
cellular manner, vimentin is prone to 
citrulline modification, leading to a loss 
of protein functions and subsequent ap-
optosis (18).
As described nr-axSpA in the early 
stages similar manifested clinically 
to AS, but the systemic inflammatory 
level is usually lower. However, local 
inflammation may be present in early 
axSpA. In this study, we investigated 
serum biomarkers (CRPM, VICM and 
anti-MCV) and their association with 
disease activity and severity in recent 
onset axSpA. 

Materials and methods

Patients

Recently diagnosed axSpA patients 
(n=193) were included in the Prague 
Axial SPondyloArthritis Cohort 
(PRASPAC). The inclusion criteria 
were recent or a maximum of a three-
year diagnosis of axSpA and relevant 
information about the data and charac-
teristics of the first symptoms and dis-
ease course of axSpA. 
All patients were characterised by the 
following clinical assessment: personal 
and family history, current and previous 
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therapy, smoking history, body mass 
index (BMI), evaluation of peripheral 
enthesis involvement by Maastrich 
Enthesitis Score (MASES)(1), disease 
activity according AS-disease activ-
ity score (ASDAS-CRP) (19), Bath 
AS disease activity index (BASDAI) 
(20), and function according to Bath 
AS functional index (BASFI) (21). All 
patients were examined with x-ray of 
the SIJ and spine; x-rays were evalu-
ated by two independent radiologists 
and one rheumatologist trained for 
evaluation of x-rays in axSpA. Patients 
with radiographic sacroiliitis according 
to the mNYc (7) were characterised as 
having AS (n=72). In the case of nega-
tive findings of SIJ on x-ray, magnetic 
resonance (MRI) of SIJ was performed 
and independently analysed according 
the Assessment of SpondyloArthritis 
International Society (ASAS) (1) by 
one radiologist and one rheumatologist 
with training for MRI assessment in 
axSpA. Patients without radiographic 
changes on the SIJ, who fulfilled the 
ASAS criteria (1), were classified as 
nr-axSpA (n=121). The severity of 
MRI or x-rays findings on the SIJ or 
spine was determined by following ra-
diologic scoring systems, Spondyloar-
thritis Research Consortium of Canada 
(SPARCC) and Berlin MRI grading 
system (22, 23) or modified Stoke 
Ankylosing Spondylitis Spine Score 
(mSASSS) (24). The patient-reported 
outcomes, such as quality of life (AS 
Quality of Life (ASQoL) and European 
Quality of Life (EQ-5D)) (25, 26) were 
included. All patients had information 
about CRP and ESR. The fasting blood 
samples (serum) for biomarker evalu-
ation were collected from all patients 
and stored at -70°C until assayed. 
One-hundred age- and sex-matched 
asymptomatic individuals without any 
autoimmune or other inflammatory dis-
orders or current infection or surgery 
were used as a control group for bio-
marker analyses.
All patients signed the informed con-
sent form to be included into this 
clinical and laboratory database. The 
inform consent and study design with 
the database were approved by the lo-
cal Ethical Committee and Scientific 
Board of the Institute of Rheumatology 

in Prague and carried out in accordance 
with the principles of the Declaration 
Helsinki.

Biomarker assessments

A panel of protein fingerprint biomark-
ers was measured in fasting serum by 
validated competitive ELISAs. The se-
rological levels of the MMP-mediated 
CRP metabolite (CRPM) (15), and cit-
rullinated and MMP-degraded vimentin 
(VICM)(27) were assessed in accord-
ance with manufacture instructions. 
A commercially available ELISA con-
taining mutated citrulinated vimentin 
(MCV) as antigen was used for the 
IgG anti-MCV autoantibodies analysis 
(OrgenTec Diagnostica GmbH, Mainz, 
Germany) (3). The test was performed 
according to the manufacturer’s in-
structions; the cut-off value was deter-
mined to be 20 U/ml. 

Statistics

All graphical illustrations were per-
formed using GraphPad Prism version 
7.00 for Windows, GraphPad Software, 
La Jolla California USA, www.graph-
pad.com. All data analysis was per-
formed in MedCalc, MedCalc Statis-
tical Software v. 17.5 (MedCalc Soft-
ware bvba, Ostend, Belgium; http://
www.medcalc.org; 2017).
Data is presented as mean + 95% CI if 
not other vice stated. The Mann-Whit-
ney U-test tested for differences in bio-
marker levels and clinical features be-
tween AS, nr-axSpA, and healthy as the 
biomarker data was not normally dis-
tributed. Spearman’s ranked correlation 
investigated correlations between clini-
cal biomarkers and clinical features, as 
the biomarker data were not normally 
distributed and some data was non-con-
tinuous. Fisher’s exact test investigated 
the difference in the positivity level of 
anti-MCV between the groups. Mul-
tiple regression analysis investigated 
correlations between biomarkers and 
clinical features with adjustment for 
age, gender, BMI, and disease duration. 
Logistic regression tested if the bio-
markers had the capability to separate 
radiographic axSpA (cases) from non-
radiographic axSpA (controls) with 
adjustment for the age, gender, BMI, 
disease duration, and CRP.

Results

Demographic description

AS patients (n=72) had a mean age of 
34.5 years; 32% were female, they had 
a BMI of 24.4 and 83% were HLA-B27 
positive. In nr-axSpA patients (n=121) 
the mean age was 37.5 years, 60% were 
female, they had a BMI of 25.1 and 
93% were HLA-B27 positive (Table I). 
The mean duration since the first symp-
tom was 10.0 years in AS and signifi-
cantly shorter in nr-axSpA (7.9 years, 
p<0.001). The disease activity was high 
in AS with a mean ASDAS-CRP of 
2.21, but moderate in nr-axSpA with a 
mean ASDAS-CRP of 1.98. AS patients 
had an increased CRP of 7.7 mg/L com-
pared to healthy reference level (<5), 
while the nr-axSpA patients did not 
have increased CRP (2.6 mg/L). BAS-
DAI was 2.6 in AS and 3.0 in nr-axS-
pA. BASFI was 1.3 in AS and 1.0 in nr-
axSpA. The ASQoL and EQ-5D were 
5.7 and 0.66 in AS, and 5.3 and 0.66 
in nr-axSpA. The swollen joint count 
was 0.17 in AS and 0.43 in nr-axSpA. 
AS patients had significantly increased 
MRI scores (mSASSS, SPARCC MRI 
and Berlin MRI) compared to patients 
with nr-AxSpA, but this was due to the 
sub-grouping criteria.

Serological biomarker assessment

Compared to asymptomatic controls, 
the level of CRPM was significantly 
higher in nr-axSpA and AS (p≤0.001; 
Fig. 1). The level of CRPM was sig-
nificantly increased in AS compared to 
nr-axSpA patients (p<0.001). 
The level of VICM was significantly 
lower in nr-axSpA (3.77 [3.34–4.28]) 
compared to asymptomatic controls 
(5.31 [4.48–6.07]; p<0.01). VICM was 
not different in AS patients compared 
to asymptomatic controls. The VICM 
level was significantly lower in nr-axS-
pA compared to AS (p<0.0025). 
The mean levels of anti-MCV autoan-
tibodies were significantly higher in 
nr-axSpA (9.2 [8.2–10.4]; p<0.01) and 
AS patients (9.1 [8.0–10.8]; p<0.001) 
compared to asymptomatic controls 
(7.2 [6.1–8.3]). There were no differ-
ences between AS and nr-axSpA in 
anti-MCV. Positivity of anti-MCV au-
toantibodies was detected in 14% of pa-
tients with AS, 10% of nr-axSpA, and 
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2% of asymptomatic controls. There 
were significantly more patients with 
positive anti-MCV in AS and nr-axSpA 
compared to asymptomatic controls 
(p=0.0045 and p=0.023, respectively), 

but there was no difference between 
AS and nr-axSpA (p=0.49). Only ESR 
was significantly different between 
AS patients with positive anti-MCV 
compared to AS patients with negative 

anti-MCV (p=0.012; data not shown). 
There was no difference in the ESR 
level between subgroups and asympto-
matic controls, but CRP was significant-
ly higher in AS compared to nr-axSpA 

Table I. The variation in the demographics in AS, nr-axSpA and controls.

 AS nr-axSpA Controls        AS vs. 
       nr-axSpA
  Mean 95% CI Mean 95% CI Mean 95% CI p-value

n 72 121 100 
Age at diagnosis (years) 34.5 32.3- 36.8 37.5 35.5-39.6 37.0 35.4-39.6 ns
Gender (% female) 32* 60 51 0.0003
Duration (years) since first symptom 10.0 7.9- 12.1 7.9 6.3-9.5 - - 0.0009
BMI 24.4 23.5-25.4 25.1 24.2-26.0 - - ns
ASDAS-CRP 2.21 1.98- 2.44 1.98 1.79-2.16 - - ns
ASQoL 5.7 4.5- 6.8 5.3 4.4-6.2 - - ns
BASDAI 2.6 2.1- 3.0 3.0 2.6-3.4 - - ns
BASFI† 1.30 0.99- 1.92 1.00 0.72-1.40 - - ns
EQ-5D 0.66 0.60-0.72 0.66 0.61-0.71 - - ns
HLA-B27 (% positive) 83 93 - - ns
MASES† 0.0 0.0-0.0 0.0 0.0-1.0 - - ns
SJC 0.17 -0.014- 0.35 0.43 0.24-0.62 - - 0.0093
Berlin MRI† 4.5 2.4-7.0 2.0 1.0-2.0 - - 0.0028
mSASSS 4.83 1.47-8.19 0.74 0.17-1.31 - - 0.018
SPARCC MRI 14.71 10.17-19.26 6.82 5.17-8.47 - - 0.0030

Statistical analysis: Mann-Whitney U-test evaluated the differences between the disease groups as well as between the disease groups and asymptomatic 
controls. *Statistical significance between the patient group and asymptomatic controls. †Median + 95% CI, as the parameter was not normally distributed. 
AS: ankylosing Spondylitis, nr-axSpA: non-radiographic axial spondyloarthritis, BMI: body mass index. ASDAS-CRP: ankylosing spondylitis disease activ-
ity score with C-reactive protein. ASQoL: Ankylosing spondylitis quality of life. BASDAI: Bath ankylosing spondylitis disease activity index. BASFI: Bath 
ankylosing spondylitis functional index, EQ-5D: Euro quality of life questionnaire, SJC: Swollen joint count. MRI: magnetic resonance imagining, mSASSS: 
Modified stoke ankylosing spondylitis spinal score. SPARCC MRI: Spondyloarthritis Research Consortium of Canada MRI scoring system, ns: not significant.

Fig. 1. Biomarker levels in the AS, nr-axSpA group and asymptomatic controls. 
A: Tissue inflammation - MMP-degraded C-reactive protein,  B: Macrophage activation - Citrullinated and MMP-degraded vimentin;  C: Anti-mutated 
citrullinated vimentin; D: Systemic inflammation - C-reactive protein; E: Systemic inflammation - Erythrocyte sedimentation rate. 
Statistical analysis: the Kruskal-Wallis test was used to test for differences between the three groups with Dunn’s multi comparisons test. Data are box and 
whiskers plots. AS: ankylosing spondylitis; nr-axSpa: non-radiographic axial spondyloarthritis; MMP- metalloproteinase, CRP: C-reactive protein; CRPM: 
metalloproteinase degraded C-reactive protein; VICM: metalloproteinase degraded vimentin; EST: erythrocyte sedimentaion rate; anti-MCV: autoantibodies 
against modified citrullinated vimentin; NA: not available.
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(7.72 [4.37–11.99] vs. 2.56 [1.65–3-97]; 
p<0.001). 

Association between biomarkers 

and clinical assessments

In nr-axSpA, CRPM correlated with 
CRP and VICM (Table II). The level 
of VICM correlated to CRP and ESR 
in AS. ESR correlated to CRP, CRPM, 
and anti-MCV in both AS and nr-ax-
SpA. There was a trend for a positive 
relationship between anti-MCV and 

VICM in nr-axSpA and anti-MCV and 
CRP in AS, but it lost significance after 
adjustments. 
Although the clinical variables of dis-
ease activity (ASDAS-CRP and BAS-
DAI), function (BASFI), and qual-
ity of life (ASQoL and EQ-5D) were 
similar in AS and nr-axSpA (Table I), 
there were variations in the correlation 
of disease activity between the axSpA 
subgroups and all assessed biomarkers. 
In AS, there was a positive correlation 

between the BASFI and CRP, CRPM, 
and ESR (ρ=0.35, ρ=0.37, and ρ=0.37, 
respectively) and negative relationship 
between EQ-5D and CRPM (ρ= -0.36)- 
This was not the case in nr-axSpA. 
Not surprisingly, both CRP and ESR 
correlated positively with ASDAS-
CRP in AS and nr-axSpA (Spearman’s 
ρ≥0.48). In addition, there were no 
correlations with the age, disease dura-
tion, BASDAI, Berlin MRI, mSASSS, 
SJC, and SPARCC MRI with any of the 

Table II. Spearman’s correlation between serological biomarkers and clinical assessments.
 
 CRPM VICM Anti-MCV CRP ESR

  AS nr-axSpA AS nr-axSpA AS nr-axSpA AS nr-axSpA AS nr-axSpA

Anti-MCV ρ - - 0.27 - - - 0.27 - 0.37 0.32 
 P   0.023    0.023  0.0014 <0.001

CRP ρ - 0.33 - - 0.27 - - - 0.64 0.68 
 P  <0.001   0.023    <0.001 <0.001

CRPM ρ - - - - - - - - 0.39 0.27 
 P         <0.001 0.0033

VICM ρ - - - - - 0.19 - - 0.38 - 
 P      0.045   <0.001 

Age at diagnosis (years) ρ - - - - 0.26 - - - 0.29 0.19 
 P     0.027    0.014 0.038

ASDAS-CRP ρ 0.32 - 0.70 0.64 - - 0.70 0.64 0.54 0.48 
 P 0.0075  <0.001 <0.001   <0.001 <0.001 <0.001 <0.001

ASQoL ρ - - 0.26 - - - 0.26 - 0.35 - 
 P   0.030    0.030  0.0026 

BASDAI ρ 0.25 - - - - - - - - 0.22 
 P 0.034         0.017

BASFI ρ 0.37 - 0.35 - - - 0.35 - 0.37 0.20 
 P 0.0018  0.0023    0.0023  0.0014 0.033

Berlin MRI ρ - - 0.40 - - - 0.40 - - - 
 P   0.036    0.036 

Dis.dur ρ - - - - - - - - - - 
 P 

EQ-5D ρ -0.36 - -0.26 - - - -0.26 - -0.27 - 
 P 0.0024  0.025    0.025  0.023 

mSASSS ρ - - 0.28 - - - 0.28 - - - 
 P   0.029    0.029 

MASES ρ - - - - - 0.23 - - 0.31 - 
 P      0.011   0.0081 

SJC ρ - - - 0.25 - - - 0.25 - 0.22 
 P    0.0063    0.0063  0.014

SPARCC MRI ρ - - 0.41 - - -   - - 
 P   0.031 

Statistical analysis: Spearman’s ranked correlation. Bold indicates correlations that were significant after Bonferroni correction with an alpha value of 0.005 
(0.05/10). Non-bold indicates correlations that were significant (p<0.05) and that did not remain significant after Bonferroni correction. 
BMI: body mass index; CRPM: metalloproteinase degraded CRP; VICM: metalloproteinase degraded citrullinated vimentin; anti-MCV: autoantibodies 
against modified citrullinated vimentin; CRP: C- reactive protein; ESR: erythrocyte sedimentation rate; ASDAS-CRP: ankylosing spondylitis disease activity 
score with C-reactive protein; ASQoL: ankylosing spondylitis quality of life; BASDAI: Bath ankylosing spondylitis disease activity index; BASFI: Bath an-
kylosing spondylitis functional index; Dis.dur: disease duration; MRI: magnetic resonance imagining; EQ-5D: Euro Quality of life; SJC: Swollen joint count; 
mSASSS: Modified Stoke Ankylosing Spondylitis spinal score; SPARCC MRI: Spondyloarthritis Research Consortium of Canada MRI scoring system.
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tested biomarkers in both axSpA sub-
groups.

Relationship between the biomarkers 

and disease activity (ASDAS-CRP)

In the unadjusted models, VICM was 
not associated with ASDAS-CRP, while 
CRPM and anti-MCV were (Table III). 
This differed from the univariate analy-
sis (Spearman’s ranked correlation), 
where CRPM and anti-MCV were not 
correlated with ASDAS-CRP. When 
biomarkers were adjusted for the age, 
gender, BMI, and disease duration, the 
association with ASDAS-CRP remained 
at the same level as without the adjust-
ment in both groups of patients. How-
ever, the statistical significance was lost 
for anti-MCV in nr-axSpA. However, 
for these analyses, the effect-size (beta) 
was minimal (<0.1); therefore, the re-
sults may not be clinically relevant. 

The biomarkers, VICM and 

CRPM, may differentiate between 

nr-axSpA and AS 

We then investigated if the serologi-
cal biomarkers could separate patients 
into the two disease subgroups (AS vs. 
nr-axSpA) by logistic regression of bio-
markers with adjustments for the age, 
gender, BMI, disease duration, and 
CRP (Table IV). CRPM had a statisti-
cally significant, but minimal clinically 
significant, odds ratio for separating 
AS and nr-axSpA patients. Even after 
adjustment, the odds ratio remained 
significant (≥1.19). VICM also had a 
significant odds ratio (>1.10) for sepa-
rating patients into axSpA groups, even 
after adjusting for the age, gender, BMI, 
and disease duration. However, the as-

sociation was lost when adjusting for 
CRP. The ability of CRP and anti-MCV 
to separate patients into disease groups 
was also tested, but no significant odds 
ratio was found with or without adjust-
ment for the age, gender, BMI, disease 
duration, and CRP. 

Discussion

Our study demonstrates, for the first 
time, a variation in the serological lev-
els of VICM, CRPM, and anti-MCV 
autoantibodies in nr-axSpA and AS. 
Furthermore, CRPM was associated 
with disease activity and could discrim-
inate AS from nr-axSpA. This suggests 
that CRPM, VICM, and anti-MCV are 
associated with both axSpA forms, 

while only CRPM are associated with 
ASDAS-CRP and may discriminate be-
tween AS and nr-axSpA. 
CRPM is a biomarker detecting a CRP 
metabolite produced by MMP activ-
ity in the microenvironment of tissues. 
Therefore CRPM may reflect local in-
flammatory activity (14, 15). MMP-1 
and -8 was found to be responsible 
for cleaving CRP to CRPM during the 
validation of CRPM ELISA (28). Four 
MMPs (-1, -3, -8 and -9) are associated 
with axSpA (11-13), while both MMP-
8 and -9 strongly reflect the disease 
activity (12). CRP, on the other hand, 
is a biomarker of systemic inflamma-
tion, as several simple pathologies such 
as a common cold induce an increased 

Table IV. Biomarker capability of segregating axSpA disease groups .
 

  Unadjusted Adjusted for age,  Adjusted for age, gender,  
   gender, BMI, dis.dur BMI, dis.dur, CRP

CRPM Beta (SD) 0.18 (0.05) 0.18 (0.06) 0.17 (0.06)

 p-value 0.0006 0.0013 0.0033

 Odds (95% CI) 1.19 (1.09-1.32) 1.20 (1.08-1.34) 1.19 (1.06-1.33)

VICM Beta (SD) 0.11 (0.04) 0.09 (0.05) 0.07 (0.05)
 p-value 0.0063 0.047 0.13
 Odds (95% CI) 1.12 (1.03-1.22) 1.10 (1.00-1.20) 1.08 (0.98-1.18)

Anti-MCV Beta (SD) 0.01 (0.01) 0.02 (0.01) 0.02 (0.01)
 p-value 0.62 0.17 0.26
 Odds (95% CI) 1.01 (0.98-1.03) 1.02 (0.99-1.05) 1.01 (0.99-1.05)

CRP Beta (SD) 0.02 (0.01) 0.02 (0.01) NA
 p-value 0.087 0.094 NA
 Odds (95% CI) 1.02 (1.00-1.05) 1.03 (1.00-1.06) NA

Statistic analysis: Logistic regression. Beta (SD), p-value and odds ratio are provided and bold indicates 
a significant association (p<0.05) of the biomarker to separate disease subgroups (AS vs. nr-axSpA).
BMI: body mass index; CRP: C-reactive protein; Dis.dur: disease duration; NA: not applicable; 
CRPM: metalloproteinase degraded CRP; VICM: metalloproteinase degraded citrullinated vimentin; 
anti-MCV: autoantibodies against modified citrullinated vimentin; ASDAS-CRP: ankylosing spondy-
litis disease activity score.

Table III. Biomarker association with disease activity by ASDAS-CRP.
 AS nr-axSpA

 CRPM VICM Anti-MCV CRPM VICM Anti-MCV

 Beta (SD) r-partial Beta (SD) r-partial Beta (SD) r-partial Beta (SD) r-partial Beta (SD) r-partial Beta (SD) r-partial

Unadjusted 0.08 (0.04) 0.27* 0.05 (0.03) 0.22 0.02 (0.01) 0.26* 0.06 (0.03) 0.19* 0.03 (0.03) 0.10 0.02 (0.01) 0.18*

Adjusted for age,  0.09 (0.04) 0.27* 0.06 (0.03) 0.22 0.02 (0.01) 0.25* 0.06 (0.03) 0.19* 0.04 (0.03) 0.12 0.02 (0.01) 0.18
   gender, BMI, dis.dur 

Statistical analysis: multiple regression analysis. Beta (SD) and r-partial are provided. Statistical significance was considered when alpha <0.05 and is assigned 
*p<0.05. 
AS: ankylosing spondylitis; nr-axSpA: non-radiographic axial spondyloarthritis; BMI: body mass index; Dis.dur: disease duration; CRPM: metalloprotein-
ase degraded CRP; VICM: metalloproteinase degraded citrullinated vimentin; anti-MCV: autoantibodies against modified citrullinated vimentin; ASDAS-
CRP: ankylosing spondylitis disease activity score.
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CRP level. The CRP levels do not fol-
low axSpA disease pathogenesis as a 
recent study reported that neither CRP 
nor ESR was higher in early axSpA pa-
tients compared to patients with lower 
pack pain but no axSpA diagnosis (29). 
However, in AS patients with a longer 
disease duration, the CRP level was in-
creased compared to healthy controls, 
albeit to a lower extent than in patients 
with rheumatoid arthritis (RA) (16, 30, 
31). In agreement, we found increased 
CRP levels in AS patients compared to 
nr-axSpA patients and the level in nr-
axSpA patients was within the normal 
range. In contrast, we found elevated 
CRPM levels in axSpA (both AS and 
nr-axSpA) compared to asymptomatic 
controls, but the levels were higher 
in AS patients than in nr-axSpA pa-
tients. Therefore, our results indicate 
that CRPM may serve as a biomarker, 
reflecting the axSpA related inflamma-
tion better than full-length CRP (14, 15, 
30). Previously elevated CRPM levels 
was found to some extend estimate ra-
diographic progression in osteoarthri-
tis (32). Furthermore, the potential for 
CRPM to be a biomarker of inflamma-
tory joint disorders has been observed 
in RA (33), where its non-decreasing 
value predicted poor response to toci-
lizumab treatment (34). This RA study 
found the mean CRPM level in RA pa-
tients to be 14.6 ng/mL, which is higher 
than the mean in the current study of 
axSpA patients, indicating the level of 
CRPM to be slightly lower in axSpA 
compared to RA (35). Together the 
studies indicate that CRPM may be a 
tissue inflammation biomarker in sev-
eral rheumatic diseases. 
The complex disease activity scoring 
systems in axSpA, such as ASDAS-
CRP, are intended as useful tools for 
disease activity assessments in both 
axSpA forms (36). Although several 
biomarkers, such as calprotectin, have 
been suggested for response to therapy 
in AS, this type of biomarkers reflect-
ing the disease activity are still missing 
(37). Our results indicate the potential 
of CRPM as a new sensitive, serological 
biomarker for monitoring disease activ-
ity in axSpA patients. This finding is 
important in light of the recent study by 
Baraliakos et al. (38) in which nr-axSpA 

patients with clinically active disease, 
but without objective inflammatory 
signs, such as elevated CRP or inflam-
mation on MRI SIJ, developed AS. 
The definition of nr-axSpA and AS is 
the difference in radiographic status, 
but previous clinical data suggest a 
similar disease activity level and clini-
cal manifestations, such as fatigue and 
extra-articular manifestations, in nr-ax-
SpA and AS (2, 4). In the current study, 
there were no available data from MRI 
of the whole spine in AS and nr-axSpA, 
but there were data of mSASSS and 
SPARCC. Althoff et al. (39) showed 
that the active inflammatory lesions 
within the SIJ, spine, and non-axial 
locations are more common in fully 
advanced AS than in nr-axSpA when 
evaluating whole-body MRI (39). In 
the present study, we found no associa-
tion between mSASSS or MRI indexes 
of SIJ involvement and CRPM levels. 
However, the variation in the mSASSS 
and MRI indexes was small in the cur-
rent study; therefore, a future study 
with a larger spread in the mSASSS and 
MRI indexes should further investigate 
the CRPM association with MRI evalu-
ation of joint inflammation.
In contrast to a previous study by Bay-
Jensen et al. (16), we did not find the 
increased serum levels of VICM in AS 
patients compared to asymptomatic 
controls. Furthermore, the mean VICM 
levels in the current AS group were 
lower (6.3 nmol/l) than in the previ-
ous study (16.4 nmol/l). The levels are 
furthermore lower than what was previ-
ously found in an RA study (34). The 
differences in biomarker level may be 
due to different clinical characteristics 
of AS patients, as the disease duration 
of the current cohort was shorter and 
BASDAI, CRP, ESR, and mSASSS 
were lower. Therefore, the overall ac-
tivity of the diseased population in the 
current study is lower, which indicates 
a lower inflammatory state, which 
would be reflected in both VICM and 
CRPM. Furthermore, nr-axSpA pa-
tients had lower levels of VICM as well 
as mSASSS, CRP, and ESR compared 
to AS. As the nr-axSpA patients had 
similar disease activity as AS patients, 
our observation suggests VICM as a bi-
omarker for axSpA patients with radio-

graphic disease. The serological VICM 
level was previously found to correlate 
with the mSASSS, disease duration, 
and both CRP and ESR in AS patients 
(16). Furthermore, the VICM levels 
were similar in early RA patients and 
patients with undifferentiated arthritis 
(33). It has also been shown that VICM 
was not associated with the erosive 
course of the rheumatic disease after 
two years (33). We did not find a cor-
relation with either mSASSS or disease 
duration in the current study, which 
could be attributed to the difference in 
the assessed level of these compared to 
the previous report. 
The role of B cells in the immune-
pathological background of axSpA has 
not been clearly elucidated. However, 
an elevated proportion of plasma cells 
and several autoantibodies have been 
found to be present in AS and to be as-
sociated with disease onset or activity 
(40). One of these antibodies could be 
reacting against the antigen detected 
by the VICM biomarker, but this re-
mains to be investigated. Bodnar et 

al. (41) found that anti-MCV autoan-
tibodies could be identified in AS and 
that they correlated with ESR, but not 
disease activity. In addition, there were 
no differences in the presence of these 
autoantibodies in peripheral, axial, or 
extra-articular manifestations. In our 
study, the anti-MCV autoantibodies 
were higher in both nr-axSpA and AS 
than in asymptomatic controls. As in a 
previous study, we found a correlation 
between ESR and anti-MCV in AS and 
nr-axSpA (41). However, we did not 
find a correlation between VICM and 
anti-MCV with disease activity or radi-
ographic findings. When we investigat-
ed the relationships between the VICM 
levels and anti-MCV autoantibodies, 
there were only trends for correlation 
in the nr-axSpA group, but there were 
no correlations in AS and asympto-
matic controls. This raises the question 
about the ability of the immune system 
of axSpA react to citrullinated peptides. 
Beltrami et al. (42) demonstrated the 
capacity of two HLA B27 subtypes, 
HLA-B*2705 and *2709, to bind citrul-
linated peptides and present the peptide 
with distinct conformations, which may 
lead to aberrant immune response. The 
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true connection between citrullinated 
peptides and autoantibodies production 
in axSpA is still unknown. It is well 
known that autoantibodies against cit-
rullinated peptides (ACPAs) and anti-
MCV are associated with RA pathogen-
esis and diagnostic for RA, but they are 
poor prognosis biomarkers for RA (43). 
Lifestyle factors, and smoking in par-
ticular, are known to produce ACPAs. 
In axSpA, smoking is one of the fac-
tors associated with rapid radiographic 
progression (5). In our study, however, 
we did not find a relationship between 
smoking and anti-MCV production 
(data not shown). 
Some limitations should be considered, 
when evaluating the results of this study. 
First, the AS patients had a longer dis-
ease duration since the first symptoms 
than their non-radiographic counter-
parts, although the criteria for including 
patients in our cohort included a diag-
nosis established fewer than 3 years 
prior to the study. Although this sup-
ports the efficacy of ASAS criteria for 
earlier axSpA diagnosis (1) and nr-axS-
pA may be accepted as the early phase 
of AS, our results should be evaluated 
better as differences in patients with 
the radiographic and non-radiographic 
forms. Another limit of our study is the 
lack of whole body MRI in AS and nr-
axSpA to evaluate correlations between 
CRPM and local inflammation. Lastly, 
in the control group, only individuals 
without clinical signs of inflammatory 
disease were included, but they did not 
undergo clinical investigations, such as 
with x-ray. 

Conclusion

In conclusion, our study demonstrates 
the potential of CRPM and VICM as 
useful biomarkers for both the radio-
graphic and non-radiographic forms of 
axSpA. Although the CRPM and VICM 
levels may discriminate between the 
AS and nr-axSpA forms, only CRPM 
seems to be a prospective laboratory 
tool for the disease activity assessment 
for axSpA. Our results indicate that se-
rological assessment of metabolites of 
pathological important proteins (CRP 
and vimentin), are novel biomarkers of 
disease activity and radiographic status 
in axSpA patients. 

Key messages

• Our study demonstrates the potential 
of CRPM and VICM as useful bio-
markers for both the radiographic and 
non-radiographic forms of axSpA. 

• CRPM seems to be a prospective 
laboratory tool for the disease activ-
ity assessment for axSpA. 

• Serological assessment of metabo-
lites of pathological important pro-
teins (CRP and vimentin), are novel 
biomarkers of disease activity and ra-
diographic status in axSpA patients.
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Metabolites of type I, II, III, 
and IV collagen may serve as 
markers of disease activity in axial 
spondyloarthritis
Markéta Hušáková1, Anne-C. Bay-Jensen2, Šárka Forejtová1, Kateřina Zegzulková1, 
Michal Tomčík1, Monika Gregová1,2, Kristýna Bubová1,2, Jana Hořínková1,2, Jindra Gatterová1, 
Karel Pavelka1 & Anne Sofie Siebuhr  2

Local inflammation in axial spondyloarthritis (axSpA) leads to the release of collagen metabolites 
from the disease-affected tissue. We investigated whether collagen metabolites were associated with 
disease activity and could distinguish non-radiographic(nr)-axSpA from ankylosing spondylitis (AS). 
A total of 193 axSpA patients (nr-axSpA, n = 121 and AS, n = 72) and asymptomatic controls (n = 100) 
were included. Serum levels of metalloproteinase (MMP)-degraded collagen type I (C1M), type II (C2M), 
type III (C3M) and type IV (C4M2) were quantified by enzyme-linked immunosorbent assay (ELISA). All 
metabolites were higher in axSpA than in controls (all p < 0.001). Serum levels of C1M, C3M, and C4M2 
were increased in AS compared to nr-axSpA (43.4 ng/mL vs. 34.6; p < 0.001, 15.4 vs. 12.8; p = 0.001, 
and 27.8 vs. 22.4; p < 0.001). The best metabolite to differentiate between axSpA and controls was C3M 
(AUC 0.95; specificity 92.0, sensitivity 83.4). C1M correlated with ASDAS-CRP in nr-axSpA (ρ = 0.37; 
p < 0.001) and AS (ρ = 0.57; p < 0.001). C1M, C3M, and C4M2 were associated with ASDAS-CRP in 
AS and nr-axSpA after adjustment for age, gender, and disease duration. Serum levels of collagen 
metabolites were significantly higher in AS and nr-axSpA than in controls. Moreover, the present study 
indicates that collagen metabolites reflect disease activity and are useful biomarkers of axSpA.

Axial spondyloarthritis (axSpA) is a chronic inflammatory disorder that is characterised by sacroiliitis, inflam-
mation of the spine and extra-musculoskeletal involvement. AxSpA generally manifests in early adulthood and 
men are more frequently affected than women. Most patients are also HLA-B27 positive. Two pathogenic events 
are the main contributors to disease burden, namely, disease-related inflammation and osteoproliferation in the 
axial skeleton1. Patients are divided into two sub-populations according to imaging features by the Assessment 
of SpondyloArthritis International Society (ASAS)2. Ankylosing spondylitis (AS) fulfils the modified New York 
criteria, including determination of radiographic sacroiliitis3, whereas the non-radiographic (nr)-axSpA does not 
meet these criteria. However, the inflammation-related pattern assessed by magnetic resonance imaging (MRI), 
such as bone marrow oedema with or without structural changes within the sacroiliac joints (SIJ), may be pres-
ent in some nr-axSpA patients4. The clinical features of both axSpA subtypes include all, axial, peripheral and 
extra-articular symptoms. Back pain and peripheral arthritis or enthesitis are equally distributed between the 
axSpA subtypes, but uveitis occurs more frequently in AS5. Conventional synthetic disease-modifying drugs and 
biologics are currently recommended for the pharmacological treatment of the axSpA subtypes, but the mon-
oclonal antibody tumour necrosis factor (TNF)-α inhibitor, infliximab and the inhibitor of interleukin (IL)-17 
secukinumab are reserved only for AS6. Nr-axSpA was suggested as an early phase of AS because 4.9–11.6% of 
nr-axSpA patients develop radiographic sacroiliitis over two years7,8 and 19% develop radiographic sacroiliitis 
during a follow-up of 10 years9. Serological markers of disease activity that identify patients who structurally 
progress rapidly are highly needed for clinical trial enrichment and personalised health care10,11.
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Inflammation is currently assessed by C-reactive protein (CRP), which is elevated in AS patients compared to 
nr-axSpA patients8,12,13. An increase in CRP may arise from many pathological events, such as a common cold or 
chronic inflammation. Therefore, CRP may not be able to identify the pathogenic-related inflammation occurring 
locally within the affected joints. The extracellular matrix (ECM) is a network of collagens, glycosaminoglycans 
and other molecules and fibrils filling the intercellular spaces that undergo substantial changes during inflamma-
tion and reflect pathological events, such as inflammatory cell influx. ECM proteins are prone to degradation by 
proteases, such as matrix metalloproteinases (MMPs), which result in the release of protease-specific metabolites. 
These MMP-degraded ECM metabolites that are produced locally during inflammatory escalated ECM turnover 
may be detected as serum biomarkers of ECM tissue turnover, which would reflect local pathogenic processes14. 
Serological levels of MMP-3, MMP-8, and MMP-9 are elevated in AS, especially in patients with higher disease 
activity and structural progression15,16.

Type I, II, III, and IV collagens are expressed in the ECM of different joint tissues (articular and hyaline 
cartilage, tendons, bone, and connective tissue) and are prone to degradation by proteases. The MMP-mediated 
metabolite of type I collagen (C1M) reflects soft tissue destruction, and it is elevated in AS17 and rheumatoid 
arthritis (RA)18,19. C2M is an MMP-mediated metabolite of type II collagen, and it reflects cartilage destruction20. 
An MMP-mediated metabolite of type III collagen (C3M) reflects soft tissue degradation. C2M and C3M are 
higher in AS patients compared to controls17,21, and C3M is found in the inflamed tissue of liver fibrosis22. The 
main collagen of the basement membrane is type IV collagen, and an MMP-mediated metabolite of type IV 
collagen (C4M2) is higher with soft tissue destruction23. C1M, C2M, and C3M were recently associated with the 
response to biologic therapy in AS21 and were correlated with CRP, erythrocyte sedimentation rate (ESR) and 
radiographic severity24. Therefore, higher ECM turnover might be a common pathogenic event in axSpA, and 
products of MMP-degraded collagens may be biomarkers of disease activity in axSpA. However, whether the 
levels of MMP-degraded collagen products are different between radiographic and non-radiographic axSpA and 
whether they are associated with disease activity is unknown.

In our study, we investigated the following factors: (1) the profile of serological MMP-mediated products of 
type I, II, III, and IV collagens (C1M, C2M, C3M and C4M2) in AS and nr-axSpA; (2) whether ECM metabolites 
could separate the two axSpA forms; and (3) whether these metabolites were associated with disease activity.

Results
Demographic description. The demographics of AS and nr-axSpA patients are characterised in Table 1. AS 
and nr-axSpA patients differed significantly in the following variables: disease duration since the first symptoms, 
CRP levels, and gender (all p < 0.001) and peripheral arthritis (p < 0.01). AS patients exhibited higher structural 
scores (modified Stoke ankylosing spondylitis spine score [mSASSS], p < 0.05, Spondyloarthritis research con-
sortium of Canada [SPARCC] MRI and Berlin MRI, both p < 0.01) compared to nr-axSpA patients, but this dif-
ference was due to the group inclusion criteria. Both subgroups of axSpA were comparable in current or previous 
medications, disease activity and quality of life (Table 1 and Supplementary Table S1).

Asymptomatic controls were sex and age matched to nr-axSpA patients, but in comparison to AS were older 
(age at the time of analysis: 38.1; 95% CI 36.3–39.9), had different gender distribution (women predominance 
51%) and higher body mass indexes (BMIs) (mean 35.4; 95% CI 24.7–26.1); all p < 0.05. As expected, both AS 
and nr-axSpA had significantly higher CRP levels than asymptomatic controls (mean 1.22; 95% CI 0.88–1.61), 
all p < 0.001.

ECM metabolism is accelerated in axSpA patients particularly in the AS subgroup. MMP-degraded  
collagen type I, II, III and IV products were significantly increased in axSpA patients compared to asymptomatic 
controls (Supplementary Table S2). We looked for the relationships between all four biomarkers. C1M, C3M, and 
C4M2 were moderately to highly correlated to each other (all Spearman’s ρ > 0.53; all p < 0.001) and C2M was 
only weakly correlated to C1M (ρ = 0.25; p < 0.001), but not to the others biomarkers (Supplementary Table S3).

Patients of both axSpA subtypes, namely, AS and nr-axSpA, expressed significantly higher levels of all four 
collagen metabolites than the asymptomatic controls: C1M 43.4 (95% CI 38.0–51.1) and 34.6 (29.3–36.5) vs. 
24.5 (20.4–24.3) respectively; C2M 0.35 (0.32–0.37) and 0.36 (0.34–0.38) vs. 0.26 (0.24–0.28) respectively; C3M 
15.4 (14.3–16.2) and 12.8 (12.3–13.8) vs. 7.8 (7.1–8.3), respectively; and C4M2 27.8 (25.4–30.8) and 22.4 (21.0–
24.8) vs. 15.2 (14.7–15.7) respectively (Fig. 1a–d, all p < 0.001). However, the serum levels of the MMP-degraded 
products of collagen C1M, C3M, C4M2 were significantly higher in AS patients compared to nr-axSpA patients 
(p < 0.001, p = 0.001, p < 0.001, respectively), but the levels of C2M were comparable between AS and nr-axSpA 
patients (Fig. 1a–d, Table 1). In both subgroups, the three biomarkers: C1M, C3M and C4M2 correlated signifi-
cantly to each other (for all analyses, Spearman’s ρ > 0.40; all p < 0.001), Table 2. The biomarker C2M, however, 
correlated only modestly with C1M (for AS Spearman’s ρ = 0.36; p < 0.01 and for nr-axSpA Spearman’s ρ = 0.19; 
p<0.05), but not with C3M and C4M2 (Table 2).

The products of ECM turnover differentiated AS and nr-axSpA from asymptomatic con-
trols. While serum levels of all four tested MMP-degraded collagen products and CRP levels were higher in 
AS and nr-axSpA than in controls we investigated their abilities to identify axSpA patients (AS and nr-axSpA) 
from asymptomatic controls using Area under receiver operator characteristics curve (AUC ROC). C3M had the 
highest AUC to differentiate between axSpA and asymptomatic controls. The AUC of C3M was 0.95, with a speci-
ficity and sensitivity of 92.0 and 83.4, respectively, and an odds ratio of 30.9 (95% CI 4.0–236.7), see Table 3. C3M 
was also the best metabolite for the identification of nr-axSpA and AS patients from asymptomatic controls. The 
AUC for nr-axSpA was 0.93 [specificity 80.0 and sensitivity 92.6, odds ratio of 22.9 (3.0–175.7)], and the AUC for 
AS was 0.98 [specificity 92.0, sensitivity 91.7, odds ratio of 111.2 (37.7–327.7)], see Table 3. An AUC higher than 
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0.90 was also found for C1M and C4M2 to discriminate AS and asymptomatic controls, but with lower sensitivity 
and specificity.

Moreover, for identifying AS or nr-axSpA from asymptomatic controls, all tested MMP-degraded collagen 
products, except C2M in the case of AS, had higher AUCs than CRP (see Table 3). The AUC of CRP levels was 
lowest of all serum biomarkers for the separation of nr-axSpA from asymptomatic controls (see Table 3). On the 
other hand, however, C1M, C3M, C4M2, and CRP had significant, albeit weak, AUCs for differentiating AS from 
nr-axSpA (AUC 0.65, 0.64, 0.67 and 0.66, respectively), Table 3.

We also investigated the difference in biomarker levels between groups when adjusted for age, gender, BMI, 
disease duration and CRP using logistic regression. The C1M, C3M and C4M2 remain significant after adjustment 
for age, gender, disease duration and BMI and only C4M2, when additionally adjusted for CRP (Supplementary 
material, Table S4).

The C1M levels were higher in females than in males (median 38.0 [95% CI 34.8–45.7] vs. 52.6 [42.6–63.55], 
p = 0.025) in AS, but not in nr-axSpA (32.7 [26.8–38.7] vs. 34.8 [28.8–39.0], p = 0.77; data not shown). C3M levels 
in nr-axSpA patients were higher in patients with the extra-articular manifestations than in patients without this 
symptom (15.0 [13.8–16.8] vs. 12.2 [11.0–12.7], p = 0.0003; data not shown). No differences in all MMP-degraded 
collagen type I, II, III and IV products serum levels were observed within the AS and nr-axSpA groups with dif-
ferent disease duration, involvement of peripheral joint, presence of uveitis, smoking status, current or previous 
pharmacological therapy, or HLA-B27 status (data not shown).

The MMP-degraded collagen type I, II, III and IV products are related to disease activity of 
AS and nr-axSpA. We next investigated the correlation between ECM turnover metabolites and clinical 
assessments. Due to correction for multiple comparisons, the alpha value was 0.00625 for this analysis. The ECM 
metabolites were not correlated with age, disease duration, or presence of peripheral arthritis reflected in the 
swollen joints count (SJC) (Table 2). C1M, C3M, and C4M2 were moderately to strongly correlated to CRP (for 

nr-axSpA (n = 121) AS (n = 72) nr-axSpA vs. AS

Mean 95% CI Mean 95% CI P-value

Age at the time of study 
(years)

37.5 35.5–39.6 34.5 32.3–36.8 0.110

Disease duration since first 
symptom (years)

7.9 6.3–9.5 10.0 7.9–12.1 <0.001

Gender (% female) 59 32 <0.001

BMI 25.1 24.2–26.0 24.4 23.5–25.4 0.390

ASDAS-CRP 2.0 1.8–2.2 2.2 2.0–2.4 0.130

ASQoL 5.3 4.4–6.2 5.7 4.5–6.8 0.450

BASDAI 3.0 2.6–3.4 2.6 2.1–3.0 0.410

BASFI# 1.0 0.7–1.4 1.3 1.0–1.9 0.190

EQ-5D 0.66 0.61–0.71 0.66 0.60–0.72 0.400

Swollen joint count 0.43 0.24–0.62 0.17 −0.014–0.35 0.009

Current therapy: NSA (%) 31 33 0.749

Current therapy: 
csDMARD/bDMARD (%)

27/1 11/4 0.299/0.142

Berlin MRI# 2.0 1.0–2.0 4.5 2.4–7.0 0.003

mSASSS 0.74 0.17–1.31 4.83 1.47–8.19 0.018

SPARCC MRI 6.8 5.2–8.5 14.7 10.2–19.3 0.003

Biomarker’s levels

CRP (mg/l)# 2.7 1.7–4.0 7.7 4.4–12.0 <0.001

ESR (mm/h) 11.3 9.0–13.5 14.3 11.3–17.3 0.073

C1M (ng/ml) 34.6 29.3–36.5 43.4 38.0–51.1 <0.001

C2M (ng/ml) 0.36 0.34–0.38 0.35 0.32–0.37 0.856

C3M (ng/ml) 12.8 12.3–13.8 15.4 14.3–16.2 0.001

C4M2 (ng/ml) 22.4 21.0–24.8 27.8 25.4–30.8 <0.001

Table 1. Demographic and Biomarker’s Table of the study. Mean or median with 95% CI - confidence interval 
is presented. Characteristics marked with # indicate where the median was used. Mann-Whitney T-test and 
Fisher’s exact test were used. Abbreviations: AS: Ankylosing spondylitis, nr-axSpA: non-radiographic axial 
spondyloarthritis, BMI: body mass index, CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, 
ASDAS-CRP: AS disease activity score CRP, ASQoL: AS quality of life, BASDAI: Bath AS disease activity score, 
BASFI: Bath AS functional index, EQ-5D: EuroQol five dimension scale, NSA: non-steroidal antirheumatic 
drugs, csDMARD: conventional synthetic disease-modifying drugs, bDMARD: biological disease-modifying 
drugs, MRI: magnetic resonance imagining, mSASSS: modified Stoke ankylosing spondylitis spine score, 
SPARCC: Spondyloarthritis research consortium of Canada, C1M: metalloproteinase (MMP)-degraded type 
I collagen, C2M: MMP-degraded type II collagen, C3M: MMP-degraded type III collagen, C4M2: MMP-
degraded type IV collagen alpha 3.

https://doi.org/10.1038/s41598-019-47502-z


4SCIENTIFIC REPORTS |         (2019) 9:11218  | https://doi.org/10.1038/s41598-019-47502-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

all analyses, Spearman’s ρ > 0.36; all p < 0.001) and ESR (for all analyses, Spearman’s ρ > 0.30; all p < 0.01) in the 
AS and nr-axSpA groups (Table 2). C2M moderately correlated to ESR only in AS patients (ρ = 0.39; p < 0.001), 
Table 2.

The values of the Bath AS function index (BASFI) and the quality of life questionnaires [EuroQol five dimen-
sion scale (EQ-5D), and AS quality of life (ASQoL)] were similar in the AS and nr-axSpA patients, but the cor-
relations differed between the groups. C1M in the AS patients correlated to the BASFI (ρ = 0.38; p < 0.001), and 
C1M and C2M correlated with the ASQoL (ρ = 0.33 and ρ = 0.38, respectively; both p < 0.01), Table 2. There were 
no correlations of ECM turnover metabolite levels to the scores of radiographic severities, albeit C1M and C4M2 
tended to correlate to mSASSS in the AS subgroup, Table 2.

Although the AS disease activity score (ASDAS)-CRP level was not different between AS and nr-axSpA 
patients, there were differences in correlations to the MMP-degraded collagen products. The C1M levels corre-
lated with the ASDAS-CRP in the nr-axSpA (ρ = 0.37; p < 0.001) and AS (ρ = 0.57; p < 0.001) subgroups (Table 2). 
C2M and C4M2 correlated to ASDAS-CRP only in the AS patients (ρ = 0.34; p < 0.05 and ρ = 0.38; p = 0.01, 
respectively), and C3M correlated weakly to ASDAS-CRP only in the nr-axSpA patients (ρ = 0.27; p < 0.01), 
Table 2. However, disease activity assessed by the Bath disease activity index (BASDAI) did not correlate to the 
four products of collagen degradation. The differences in these results may be the correlation of the metabolites 
to CRP, which is part of the ASDAS-CRP score, but not the BASDAI.

The multiple regression model was used to investigate the relationship of MMP-degraded collagen products 
to disease activity (ASDAS-CRP) with adjustment for confounders. Notably, when metabolites were adjusted 
for age, gender, BMI, and disease duration, the relationship of all four biomarkers to ASDAS-CRP remained at 
the same level as the unadjusted model (Table 4). C2M reflected the disease activity only in AS. C1M, C3M and 
C4M2 reflected the changes of disease activity in both subgroups, but somewhat more clearly in AS. For example, 
if ASDAS-CRP was altered one unit, then C1M showed a change of 0.57 in AS and 0.40 in nr-axSpA patients 
(Table 4). However, for these analyses, the effect-size (beta) was too low, and the association was not considered 
clinically relevant.

Figure 1. Metabolite levels in the AS group, nr-axSpA group and asymptomatic controls. (a) Type I collagen 
degraded by MMPs. (b) Type II collagen degraded by MMPs. (c) Type III collagen degraded by MMPs. (d) Type 
IV collagen degraded by MMPs. Kruskal-Wallis was used for differences between the three groups with Dunn’s 
multi-comparisons test. Statistical significant differences between groups are reported (P < 0.001 or P = 0.001). 
Data are shown as Tukey’s box plots.
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Discussion
This cross-sectional study investigated the level of ECM tissue turnover metabolites (C1M, C2M, C3M, and 
C4M2) in axSpA. We investigated whether MMP-degraded collagen metabolite levels, measured in serum, were 
different in radiographic axSpA (AS) compared to non-radiographic axSpA, and whether these metabolites 
were associated with disease activity. We found that the metabolite levels were higher in axSpA (both nr-axSpA 
and AS) compared to asymptomatic controls and all metabolites, except C2M, were higher in AS compared to 
nr-axSpA. Next, the ECM metabolites, C3M in particular, differentiated axSpA from asymptomatic controls, 
but not AS from nr-axSpA. Finally, C1M, C3M, and C4M2 were associated with quality of life, function index, 
and disease activity on the ASDAS-CRP in nr-axSpA and AS patients. All the tested biomarkers, except C2M in 
nr-axSpA patients, had weak to moderate associations to ASDAS-CRP. Our results indicate that collagen degrada-
tion metabolites are higher in axSpA and these metabolites may be disease activity biomarkers of axSpA.

Although numerous similarities, such as disease activity and response to pharmacological therapy, includ-
ing TNF-α inhibitors, between nr-axSpA and AS were observed in longitudinal studies5,8,13,25, both forms of 
axSpA generally differ in the severity of inflammatory changes evaluated in serum using CRP assessment or imag-
ing methods within the sacroiliac joints and spine25,26. As expected, features, such as predominance in women, 
shorter disease duration, milder radiographic status and lower CRP level, were more common in nr-axSpA than 
AS in our study. However, a higher occurrence of peripheral arthritis was found in the nr-axSpA subgroup com-
pared to the AS subgroup. A recent meta-analysis revealed that the occurrence of peripheral arthritis tended to 
be higher in nr-axSpA than in AS5. More recently, de Winter et al.27 suggested that half of axSpA patients suffered 
from a combination of axial and peripheral symptoms, but these patients did not differ in the presence of radio-
graphic sacroiliitis from patients with only pure axial symptoms.

All of the MMP-degraded collagen products assessed in this study were higher in nr-axSpA and AS patients 
than asymptomatic controls and correlated with CRP. All of the analysed products indicate an accelerated ECM 
turnover and reflect different events in the immune-musculoskeletal pathology of axSpA because collagen types 
I and III are expressed in the bone, tendons and ligaments, collagen type II is primarily expressed in the entheses 
and cartilages, and type IV is part of the basement membrane. All these collagens are naturally substrates for 
several metalloproteinases, including the MMPs that are highly expressed during inflammation. Serum levels of 
MMP-1, 2, 3, 8 and -9 reflect disease activity and progression15,16,28 and MMP-3 expressed locally within in the 

C1M C2M C3M C4M2

nr-axSpA AS nr-axSpA AS nr-axSpA AS nr-axSpA AS

ρ P value ρ P value ρ

P 
value ρ P value ρ P value ρ P value ρ P value ρ P value

Age at diagnosis −0.05 0.59 0.17 0.16 −0.02 0.79 −0.08 0.045 0.03 0.78 0.19 0.12 −0.05 0.57 0.20 0.099

Disease duration −0.03 0.76 0.12 0.32 −0.04 0.57 −0.02 0.76 −0.00 0.99 0.23 0.057 −0.11 0.24 0.14 0.24

SJC 0.10 0.27 0.06 0.63 0.21 0.035 0.16 0.21 −0.01 0.90 −0.03 0.83 0.03 0.78 0.12 0.33

CRP 0.57 <0.001 0.71 <0.001 0.12 0.19 0.21 0.075 0.36 <0.001 0.44 <0.001 0.42 <0.001 0.59 <0.001

ESR 0.38 <0.001 0.66 <0.001 0.01 0.94 0.39 <0.001 0.30 <0.001 0.36 0.0019 0.35 <0.001 0.53 <0.001

ASDAS-CRP 0.37 <0.001 0.57 <0.001 0.06 0.62 0.34 0.016 0.27 0.0029 0.28 0.07 0.24 0.0079 0.38 0.010

BASDAI 0.11 0.23 0.25 0.038 0.05 0.83 0.23 0.13 0.10 0.30 0.14 0.023 0.02 0.86 0.13 0.28

ASQoL −0.05 0.56 0.33 <0.01 0.02 0.77 0.38 0.0046 0.07 0.42 0.07 0.58 −0.11 0.23 0.17 0.15

EQ-5D 0.01 0.88 −0.31 0.009 −0.08 0.59 −0.32 0.007 −0.01 0.93 −0.15 0.22 0.11 0.22 −0.23 0.052

BASFI 0.01 0.94 0.38 <0.001 −0.05 0.41 0.29 0.016 −0.04 0.64 0.20 0.091 −0.06 0.55 0.29 0.012

Berlin MRI 0.03 0.80 0.26 0.18 −0.11 0.30 0.32 0.071 −0.10 0.35 0.02 0.95 −0.06 0.55 0.11 0.58

mSASSS −0.02 0.87 0.33 0.009 0.07 0.52 0.02 0.95 −0.08 0.47 0.23 0.77 −0.09 0.42 0.29 0.026

SPARCC MRI 0.06 0.56 0.29 0.14 −0.09 0.41 0.34 0.075 −0.09 0.42 0.02 0.94 −0.04 0.72 0.11 0.58

C1M — — — — 0.19 0.034 0.36 0.002 0.52 <0.001 0.40 <0.001 0.61 <0.001 0.58 <0.001

C2M — — — — — — — — 0.10 0.28 0.17 0.16 0.02 0.87 0.20 0.087

C3M — — — — — — — — — — — — 0.71 <0.001 0.63 <0.001

Table 2. Correlation of the MMP-degraded collagen type I, II, III and IV serum products with clinical 

variables and biomarkers. Spearman’s correlation between serological metabolites and clinical assessments were 

done. After Bonferroni correction, the alpha value was 0.00625 (0.05/8). Spearman’s rho (ρ) and p- values are 

presented. The italic P value demonstrates the exact value before correction, the bolt italic P value determines 

significance on p < 0.05; p < 0.01 and p < 0.001 after correction. The recurring values (ρ and P value) of the 

correlation between C1M, C2M, C3M and C4M2 are not shown in the Table. Abbreviations: AS: Ankylosing 

spondylitis, nr-axSpA: non-radiographic axial spondyloarthritis, SJC: swollen joint count, CRP: C-reactive 

protein, ESR: Erythrocyte sedimentation rate, ASDAS-CRP: AS disease activity score CRP, BASDAI: Bath 

AS disease activity score, ASQoL: AS quality of life, EQ-5D: EuroQol five-dimension scale, BASFI: Bath AS 

functional index, MRI: magnetic resonance imagining, mSASSS: modified Stoke ankylosing spondylitis spine 

score, SPARCC: Spondyloarthritis research consortium of Canada, C1M: metalloproteinase (MMP)-degraded 

type I collagen, C2M: MMP-degraded type II collagen, C3M: MMP-degraded type III collagen, C4M2: MMP-

degraded type IV collagen alpha 3.
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inflamed tissue29 participates in the activation of other MMPs and the changes that lead to osteogenesis29. The 
sources of MMPs may be fibroblasts and immune cells, such as macrophages. The serum levels of C1M, C3M 
and C4M2 in our study indicated an accelerated ECM turnover of soft tissue and joint structures. All three of 
these biomarkers tightly correlated with CRP and were higher in AS patients than in nr-axSpA patients, which 
may reflect the different degrees of inflammation of these two entities. An increased number of inflammatory 
spinal lesions in AS patients than in nr-axSpA patients was found previously26,30 and a recent study demonstrated 

Biomarker
Criterion 
(cutt-off) AUC Specificity Sensitivity

Odds ratio 
(95% CI)

AS vs. asymptomatic controls

C1M >29.0 0.90* 79.0 87.5 24.8 (10.7–57.7)

C2M >0.28 0.71* 57.0 82.9 6.6 (3.2–13.8)

C3M >10.5 0.98* 92.0 91.7 111.2 (37.7–327.7)

C4M2 >20.6 0.96* 91.0 87.5 70.8 (26.6–188.2)

CRP >4.2 0.82* 88.0 62.5 10.2 (4.9–21.4)

nr-axSpA vs. asymptomatic controls

C1M >32.3 0.77* 90.0 54.5 9.1 (4.5–18.4)

C2M >0.29 0.72* 61.0 78.2 5.2 (2.9–9.3)

C3M >6.3 0.93* 80.0 92.6 22.9 (3.0–175.7)

C4M2 >16.9 0.84* 72.0 84.3 13.8 (7.2–26.6)

CRP >2.3 0.66* 76.0 53.7 3.3 (1.9–5.9)

axSpA vs. asymptomatic controls

C1M >32.3 0.82* 90.0 62.7 12.6 (6.4–24.6)

C2M >0.29 0.71* 61.0 77.2 5.3 (3.1–8.9)

C3M >10.5 0.95* 92.0 83.4 30.9 (4.0–236.7)

C4M2 >20.5 0.89* 90.0 73.6 7.2 (4.2–12.3)

CRP >3.8 0.72* 85.0 51.3 3.0 (1.8–5.1)

AS vs. nr-axSpA

C1M >29.2 0.65* 41.3 87.5 4.6 (2.1–10.1)

C2M >0.42 0.51 76.0 31.9 1.4 (0.8–2.8)

C3M >13.3 0.64* 57.0 73.6 7.6 (3.4–16.7)

C4M2 >23.3 0.67* 55.4 73.6 3.5 (1.8–6.5)

CRP >10.7 0.66* 82.6 44.4 3.6 (1.9–6.9)

Table 3. Diagnostic utility values of the collagen metabolite levels for axial spondyloarthritis. The analyses 
were performed using AUC ROC, and p-values, specificity and sensitivity are provided. Criterion (cut-off) 
determined the serum levels of each biomarker to differentiate between groups. *Means statistical significance 
of p < 0.001. Abbreviations: AS: ankylosing spondylitis, nr-axSpA: non-radiographic axial spondyloarthritis, 
C1M: metalloproteinase (MMP)-degraded type I collagen, C2M: MMP-degraded type II collagen, C3M: MMP-
degraded type III collagen, C4M2: MMP-degraded type IV collagen alpha 3, AUC: Area under receiver operator 
characteristics curve.

Unadjusted

P value

Adjusted for age, gender, 
BMI, disease duration

P valueBeta (SD) r-partial Beta (SD) r-partial

C1M
AS 0.42 (0.10) 0.46 <0.0001 0.57 (0.11) 0.47 0.0001

nr-axSpA 0.39 (0.07) 0.46 <0.0001 0.40 (0.07) 0.46 <0.0001

C2M
AS 0.31 (0.11) 0.32 0.0063 0.30 (0.12) 0.30 0.015

nr-axSpA 0.03 (0.10) 0.03 0.76 0.04 (0.10) 0.04 0.66

C3M
AS 0.36 (0.13) 0.31 0.0086 0.43 (0.14) 0.35 0.0041

nr-axSpA 0.37 (0.09) 0.33 0.0002 0.34 (0.10) 0.32 0.0005

C4M2
AS 0.42 (0.11) 0.42 0.0003 0.44 (0.12) 0.43 0.0004

nr-axSpA 0.40 (0.08) 0.41 <0.0001 0.41 (0.08) 0.43 <0.0001

Table 4. Multiple regression analyses of the relationship between MMP-degraded collagen type I, II, III and IV 
products and ASDAS-CRP. Beta with SD and r-partial are shown, and the analyses were performed on z-scores. 
The dependent variables were C1M, C3M, C3M and C4M2, and the independent variable was ASDAS-CRP. 
The following covariates were tested: Age gender, BMI and disease duration. Abbreviations: AS: ankylosing 
spondylitis, nr-axSpA: non-radiographic axial spondyloarthritis, BMI: body mass index, SD: standard 
deviation, C1M: metalloproteinase (MMP)-degraded type I collagen, C2M: MMP-degraded type II collagen, 
C3M: MMP-degraded type III collagen, C4M2: MMP-degraded type IV collagen alpha 3.
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increased entheseal abnormalities in axSpA patients with worse structural damage31. We did not find correlations 
between the severity of MRI lesions in the SIJ and biomarkers levels, but the mSASSS tended to correlate with 
C1M and C4M2 in AS. A recent study did not confirm C1M as a prognostic marker for the structural progression 
for AS patients with longstanding disease32. Bay-Jensen et al.24 demonstrated a correlation between C3M serum 
levels and disease activity and structural damage characterised by mSASSS in AS patients, and C3M showed a 
prognostic capacity for disease structural burden. However, the disease duration of our patients with AS and the 
scores of mSASSS were lower than in previous studies. Therefore, further work with axSpA patients at follow-up 
evaluations to monitor structural changes in disease is necessary to determine if the MMP-degraded collagen 
products may act as prognostic biomarkers, particularly at different stages of the disease. On the other hand, we 
detected increased levels of C2M in nr-axSpA and AS patients. The C2M biomarker was similar in both groups 
and it did not correlate with CRP or radiographic scores. This finding is consistent with Bay-Jensen’s study in 
which C2M was not associated with mSASSS or CRP in AS patients with longstanding disease, but high serum 
levels of C2M together with C3M predicted structural progression24. The main tissues with collagen type II are 
cartilage and entheses and our findings suggest similar pathogenetic events in the extracellular matrix in AS 
and nr-axSpA. However, a follow-up of nr-axSpA is necessary to determine whether C2M will have additional 
effects on the prognostic capacity of the other MMP-degraded collagen biomarkers. C1M and C3M were recently 
associated with disease activity in psoriatic arthritis33, and C1M serves as a metabolite of rapid structural progres-
sion in RA18. Kang et al.34 found that another serological type I collagen degradation metabolite, the C-terminal 
telopeptide of type I collagen (sCTX-I), reflected the intensity of MRI-established bone marrow oedema within 
the SIJ in AS, but not nr-axSpA, patients. In a SpA model, a lowered resistance to mechanical stress maintained 
the entheseal inflammation, which may induce new bone formation35. Increased degradation of type I, II, and IV 
collagens (C1M, C2M, C4M2) may result in the insufficient formation of the structures of the joints, enthesis, and 
adjacent structures and participate in their biomechanical insufficiency.

The overlap between AS and nr-axSpA may be associated with disease activity because patients with higher 
biomarker levels may be the patients who progress rapidly, and patients with lower levels may be stable patients. 
Although, the positive correlation between ASDAS-CRP and biomarkers in AS and nr-axSpA patients are sup-
portive, this hypothesis should be tested in longitudinal studies. A recent work demonstrated the efficacy of C1M 
to reflect improvement of disease activity after TNF-α inhibitor therapy in AS patients21. The weak association 
between C2M and ASDAS-CRP in AS patients, but not in nr-axSpA patients, may reflect the severity of cartilage 
destruction in the fully blunted disease. This association indicates a relationship between disease activity and 
disease burden, but this connection must be confirmed. Based on previous results from AS and other pathologies, 
this type of biomarker could aid in the identification of patients with rapid progression, who are most in need of 
immediate treatment.

Although the mean ECM metabolites levels were higher in AS compared to nr-axSpA patients, there was too 
great of an overlap (large variation) in metabolite levels for the metabolites to provide good separation of the 
axSpA groups. C3M was the best metabolite for segregating AS from nr-axSpA and asymptomatic controls, which 
is consistent with a previous study that found that C3M was better than C2M17. C1M, C3M and C4M2 performed 
better in differentiating AS and nr-axSpA from asymptomatic controls than CRP. However, for true diagnostic 
purposes, the metabolites should be included in a diagnostic panel to ensure good specificity and sensitivity in 
the diagnosis and identification of disease subgroups. In our study, C3M has very high sensitivity for AS and 
nr-axSpA to discriminate from healthy individuals (91.7 and 92.6, respectively), but the specificity remain higher 
in AS (92.0) than in nr-axSpA (80.0). As the commonly used CRP has the lower specificity and sensitivity for AS 
(88.0 and 62.5, respectively) and nr-axSpA (76.0 and 53.7, respectively) in our study, the findings of C3M might 
suggest the new potential serological biomarker for both axSpA subtypes. Although these results show potential, 
larger studies are essential for the application of C3M as potential diagnostic choice for AS and nr-axSpA par-
ticularly if C3M will accomplish enough strength for prediction of the disease. However, whether a serological 
diagnostic criteria or method is needed is debatable, because these biomarkers would be assessed alongside the 
already used CRP. On the other hand, additional information about the C3M (and others MMP-degraded metab-
olites) in relation to disease phenotype and pathogenesis could be useful for therapeutic decisions in individual 
patient.

Axial spondyloarthritis is a longstanding disorder, and epidemiological studies suggest an increased cardio-
vascular disease risk36. Systemic cardiovascular impairment, such as atherosclerotic changes, were found in AS 
patients, but not nr-axSpA patients, but the number of atherosclerotic plaques was increased with extra-articular 
manifestations in nr-axSpA patients37. A large epidemiologic cohort of postmenopausal women found higher 
levels of C1M as an independent mortality risk factor for several diseases, including cancer and cardiovascular 
disorders38. Degradation of type I collagen assessed with C1M was higher in women with AS and nr-axSpA in 
the current study. The cardiovascular complications are estimated as most frequent in men with AS compared 
to the general population39, but an equal increased risk of cancer is estimated for both sexes40. Data in a recent 
meta-analysis showed that nr-axSpA and AS patients do not differ in extra-articular manifestations5, which 
was confirmed in the current study. Notably, C3M levels were higher in nr-axSpA patients with a prevalence of 
extra-articular manifestation compared to nr-axSpA patients with no extra-articular manifestation. This result 
illustrates that C3M is not exclusively originating from tissues of the joint but may originate from the tissues 
of the extra-articular manifestations. C1M and C3M reflect fibro-proliferative and cardiovascular changes, and 
future studies should elucidate the relationships between systemic involvement and collagen tissue turnover in 
axSpA. Understanding this relationship may be useful to distinguish patients with a higher risk for systemic com-
plications for earlier and personalised treatment of these patients and provide knowledge of metabolites levels in 
patients with several pathologies. Each pathology may add to the total pool of metabolites and be a false positive 
for another pathology, if the pathology is undiagnosed.
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Some limitations should be considered during the interpretation of the current work. First, this study was 
a cross-sectional study, and we were not able to investigate changes in biomarker levels with changes in disease 
activity over time. However, the disease duration since the first symptoms was long, and the disease may be 
well established with stable disease activity. Furthermore, the disease duration was significantly longer in AS 
patients compared to nr-axSpA patients. However, this difference was tested in the multiple regression analysis, 
and adjustment for disease duration did not change the results significantly. Second, another limitation is the lack 
of clinical information about cardiovascular and other systemic complications. These complications may affect 
the MMP-degraded collagen products levels and undermine the signals related to axSpA. Finally, our control 
group was asymptomatic individuals without personally reported clinical symptoms of back pain, but they did 
not undergo clinical or radiographic examination. Therefore, any underlying non-diagnosed diseases could have 
influenced the metabolite levels.

Conclusion
This study demonstrated elevated serum levels of ECM metabolites (C1M, C2M, C3M, and C4M2) in radio-
graphically determined forms of axSpA compared to controls. Our results support the distinct tissue degenerative 
events in different axSpA population (i.e. nr-axSpA and AS). The serum levels of products of MMP-degraded col-
lagen, especially C1M, C3M and C4M2, was significantly associated with disease activity, linking tissue turnover 
with clinical activity of disease. C3M was the best biomarker at separating AS and nr-axSpA, but investigation of 
C3M as a true diagnostic tool within axSpA, must be studied in more and larger studies. However, this current 
study illustrates the potential of serological metabolites of tissue destruction as novel disease activity biomarkers 
in axSpA.

Methods
Patients. Patients (n = 193) with recently diagnosed axSpA were included into the Prague Axial SPondyloArthritis 
Cohort (PRASPAC)41. The inclusion criteria were a maximum of three years since the diagnosis of axSpA, characteristics  
of the first symptoms, and the disease course of axSpA.

The following set of clinical assessments were available for all patients: personal and family history; current 
and previous therapy; smoking history; BMI; clinical manifestation of axSpA; clinical determination of periph-
eral arthritis with SJC; evaluation enthesis involvement using the Maastrich Enthesitis Score (MASES)2; disease 
activity according to the ASDAS-CRP42; the BASDAI43; and the BASFI43. Patient-reported outcomes evaluating 
the quality of life, the ASQoL, and the EQ-5D44,45 were included. Imaging examinations consisted of X-rays of 
the SIJ and spine evaluated by two independent radiologists and one rheumatologist trained in the evaluation 
of X-rays in axSpA. Patients with radiographic sacroiliitis, according to the modified New York criteria3, were 
characterised as AS (n = 72). MRI of the SIJ was performed in cases of negative findings of the SIJ on X-ray and 
analysed according the ASAS2 independently by one radiologist and one rheumatologist with training in MRI 
assessment of axSpA. Patients without radiographic changes in the SIJ, but who fulfilled the ASAS criteria of MRI 
findings or HLA-B27 positivity together with clinical findings, were classified as nr-axSpA (n = 121). The follow-
ing radiologic scoring systems were used to establish the severity of MRI or X-ray findings of the SIJ or spine: the 
SPARCC46 and the Berlin MRI grading system47 or the mSASSS48. Fasting blood samples (serum) for metabolite 
evaluation were collected from all patients at the first visit to the PRASPAC and stored at −70 °C until assayed. 
However, all patients had assessments of CRP and ESR at the time of blood draw.

One hundred asymptomatic individuals without any autoimmune or other inflammatory disorder, current 
infection, or surgery were used as a reference group for metabolite analyses.

All patients signed informed consent for inclusion into the clinical and laboratory database. The local Ethical 
Committee of the Institute of Rheumatology in Prague approved the consent form (reference number 959/2014 
and 960/2014), and the Scientific Board of the Institute of Rheumatology in Prague authorised the study design 
and the database creation. The study was performed in compliance with the Declaration of Helsinki.

Products of MMP-degraded collagen assessments. A panel of MMP-mediated products of collagen 
was measured in fasting serum using validated enzyme linked immunosorbent assays (ELISAs); the collagens 
types measured were MMP-degraded types I (C1M)19, II (C2M)20, III (C3M)49, and type IV collagen alpha 3 
(C4M2)50 (Nordic Bioscience, Herlev, Denmark). All analyses were quality controlled with 2 kit controls and 3 in 
house quality controls. The inter- and intra-assay variations were below 15% and 10%, respectively. An acceptable 
linearity of <20% was observed, and no interference of biotin, haemoglobin or intralipid 20 was found. Sample 
measurements were accepted if the standard curve had an acceptable recovery of <20% in 75% individual stand-
ard curve assessments within the measurement range, and if 3 of the 5 control samples were accepted.

Statistics. The summary statistics are shown in Table 1. Fisher’s exact test was used to identify differences 
in binary variables, and the Mann-Whitney U-test examined differences between levels in continuous variables 
because some assessments were not normally distributed. Kruskal-Wallis with Dunn’s multiple comparisons test 
was used for examining differences between product levels between the three groups (AS, nr-axSpA, and con-
trols). Spearman’s correlation test was used for correlation analysis between the products and clinical assessments. 
Multiple regression and logistic regression analyses were used to test for correlations with adjustments for age, 
gender, BMI, and disease duration. Data for multiple regression were standardised by z-scores. An area under 
the receiver operating characteristics curve (AUC ROC) was used for examining the separation potential of the 
metabolites. Odds ratios were calculated from the cut-off values identified in the AUC ROC. Data analyses were 
performed using MedCalc Statistical Software version 17.6 (MedCalc Software bvba, Ostend, Belgium; http://
www.medcalc.org; 2017). Graphical illustrations were created using GraphPad Prism version 6.00 for Windows 
(GraphPad Software, La Jolla California USA, www.graphpad.com).
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Data Availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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Abstract

Objectives

Dysregulation of miRNAs and their target genes contributes to the pathophysiology of auto-

immune diseases. Circulating miRNAs may serve as diagnostic/prognostic biomarkers. We

aimed to investigate the association between circulating miRNAs, disease activity and spi-

nal involvement in patients with axial spondyloarthritis (AxSpA).

Methods

Total RNA was isolated from the plasma of patients with non-radiographic (nr)AxSpA,

patients with ankylosing spondylitis (AS) and healthy controls (HC) via phenol-chloroform

extraction. A total of 760 miRNAs were analysed with TaqMan® Low Density Arrays, and

the expression of 21 miRNAs was assessed using single assays.

Results

Comprehensive analysis demonstrated the differential expression of miRNAs among

patients with progressive spinal disease. Of the 21 miRNAs selected according to their

expression patterns, the levels of miR-625-3p were significantly different between nr-AxSpA

patients and HCs. We found no correlation between miRNA levels and Bath Ankylosing

Spondylitis Disease Activity Index (BASDAI) in nr-AxSpA patients. Selected miRNAs, such

as miR-29a-3p, miR-146a-5p or miR-222-3p with an established role in extracellular matrix

formation and inflammation were associated with spinal changes and/or disease activity

assessed by BASDAI in AS patients, including miR-625-3p reflecting disease activity in AS

with spinal involvement.

Conclusions

Our data indicate that circulating miRNAs play a role in the pathogenesis of AxSpA and are

also suggestive of their potential as biomarkers of disease progression. We hypothesize
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that differential systemic levels of miRNA expression reflect miRNA dysregulation at sites of

spinal inflammation or bone formation where these molecules contribute to the development

of pathophysiological features typical of AxSpA.

Introduction

Axial spondyloarthritis (AxSpA) is a chronic inflammatory disease that mainly affects the

axial skeleton, sacroiliac joints and entheseal spinal structures. It encompasses patients with

ankylosing spondylitis (AS) with radiographic sacroiliitis and syndesmophytes, as well as

patients with early or abortive forms of spondyloarthritis (SpA) characterized by the presence

of sacroiliac inflammation detected by magnetic resonance imaging (MRI) or the presence of

HLA-B27 in combination with features characteristic of SpA [1, 2]. AS is an inflammatory dis-

ease characterized by new bone formation. Mononuclear cells and osteoclasts initiate local

osteitis, which leads to cartilage erosion and bone destruction, as well as osteoblast differentia-

tion and subsequent syndesmophyte formation [3, 4].

Inflammation develops several years before structural damage becomes visible on plain

radiographs. Although patients may have longstanding symptoms, the diagnosis of AS based

on the modified New York criteria delays early treatment, as radiographic sacroiliitis repre-

sents a late sign of disease. Therefore, the Assessment of SpondyloArthritis International Soci-

ety (ASAS) developed new classification criteria for the diagnosis of AxSpA that takes non-

radiographic (nr-AxSpA) findings into account [5]. Shorter disease duration, younger age, ele-

vated baseline C-reactive protein (CRP) levels and active inflammatory changes involving the

sacroiliac joint are associated with better responses to anti-TNF therapy in patients with nr-

AxSpA [6]. Therefore, early diagnosis, disease monitoring and therapeutic response prediction

are very important.

Several biomarkers have been tested regarding their usefulness in diagnosing disease, moni-

toring disease activity and predicting therapeutic responsiveness but have thus far not been

implemented in clinical practice [7]. HLA-B27 remains the best genetic biomarker for diag-

nosing AxSpA, and CRP remains the best circulating marker for assessing disease activity and

predicting treatment responsiveness and structural progression [7].

MicroRNAs (miRNAs) are small, non-coding RNAs that function as post-transcriptional

regulators of gene expression. Altered miRNA expression and target gene dysregulation have

been shown to contribute to the pathophysiology of many autoimmune diseases, including

rheumatic diseases [8]. Although the (patho) physiological roles of circulating miRNAs remain

largely unknown, cell-free circulating miRNAs appear to be promising disease biomarkers [9].

While rheumatoid arthritis (RA) has been extensively investigated, comprehensive studies

regarding miRNAs in patients with AxSpA are lacking.

The aim of the present study was to identify circulating miRNAs in patients with AxSpA

and to investigate their association with disease characteristics, including spinal disease

severity.

Material andmethods

Patients

This study included 20 patients with nr-AxSpA, 24 AS patients with isolated sacroiliitis with-

out spinal involvement (AS stage I), 24 patients with AS with spinal involvement (presence of
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syndesmophytes, AS stages II-V), including 7 patients with a bamboo spine, and 29 healthy

controls (HC). Radiographic staging was performed as previously described [10]. All patients

fulfilled the 2011 ASAS classification criteria for the diagnosis of AxSpA [11]. Disease activity

was assessed using the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) [12] and

CRP. The clinical characteristics of the patients and HCs are shown in Table 1. Patients were

recruited from the outpatient clinic of the Institute of Rheumatology, Prague in 2013–2014.

Written informed consent was obtained from all participants prior to enrolment, and the

study was approved by the local Ethics committee at the Institute of Rheumatology in Prague.

Samples and RNA isolation

Whole blood samples collected to EDTA tubes were obtained from all participants and plasma

was separated by centrifugation within 4 hours of collection ensuring constant pre-analytical

condition for all samples. All plasma samples were stored at -80˚C and experienced no freeze-

thaw cycles before use. Total RNA was extracted from plasma samples using phenol-chloro-

form extraction, as previously described [9]. Briefly, 500 μl of plasma was homogenized with

500 μl of Trizol LS reagent (Thermo Fisher Scientific, Waltham, MA, USA) and then centri-

fuged at 12,000 × g for 10 minutes at 4˚C. Three cycles of acid phenol-chloroform (Thermo

Fisher Scientific) extraction were performed. RNA was precipitated by adding 5μg of RNase-

free glycogen (Roche Diagnostics, Mannheim, Germany) and 100% isopropanol and then

incubated for 10 minutes at room temperature before being centrifuged at 12,000 × g for 10

minutes at 4˚C. The pellet was washed with 75% ethanol, and RNA was dissolved in RNase-

free water. Three synthesized C. elegansmiRNAs, cel-miR-39, cel-miR-54 and cel-miR-238

(Integrated DNA Technologies, Coralville, IA, USA), 25 fmol each, were spiked into plasma

samples after denaturation and served as internal calibrators, as previously described [13].

RNA sample quality control was initially performed using Agilent 2100 Bioanalyser with

Table 1. Clinical characteristics of healthy controls and patients with axial spondyloarthritis.

Variable HC nr-AxSpA sacroiliitis AS II-V

n 29 20 24 24

Gender, female//male, n 9/20 9/11 4/20 4/20

Age, years 34.0 ± 9.2
(20.7, 56.8)

34.9 ± 10.3
(21,3, 68.0)

32.6 ± 8.2
(22.1, 57.9)

40.0 ± 8.3
(25.2, 45.3)

HLA-B27 positivity, n NA 20 22 21

Disease duration, years NA 1.6 ± 2.5
(0, 9)

4.3 ± 3.7
(0,14)

6.8 ± 4.3
(0,17)

CRP, mg/l NA 6.8 ± 7.5
(0.3, 29.0)

18.7 ± 26.3
(1.7, 117.0)

15.0 ± 16.3
(0.5, 77.5)

BASDAI score NA 3.2 ± 2.3
(0.2, 6.7)

6.0 ± 2.6
(0.1, 9.4)

4.6 ± 2.5
(0.7, 8.2)

Peripheral arthritis, n NA 4 3 1

Enthesitis, n NA 9 2 8

Uveitis, n NA 10 6 9

Treatment, n:
NSAID
DMARDs
Biological therapy

0
0
0

15
4
1

17
5
2

10
2
12

Abbreviations: AS, ankylosing spondylitis; AS II-V, ankylosing spondylitis with spinal involvement; BASDAI, Bath Ankylosing Spondylitis Disease Activity

Index; CRP, C-reactive protein; DMARDs, disease modifying antirheumatic drugs; HC, healthy controls; NSAID, non-steroidal anti-inflammatory drug; nr-

AxSpA, non-radiographic axial spondyloarthritis; NA, not applicable;. Data are expressed as the mean±SD and minimum and maximum values (min, max).

https://doi.org/10.1371/journal.pone.0185323.t001
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Agilent Small RNA kit (Agilent, CA, USA) as RNA isolation quality measure and then using a

NanoDrop 2000c spectrophotometer (Thermo Fisher Scientific) in remaining samples.

miRNA analysis

First, twenty non-pooled individual samples (5 samples from each group) were analysed using

a TaqMan1 Low Density Array (Thermo Fisher Scientific). Complementary DNA was

obtained by reverse transcription using a TaqMan1MicroRNA Reverse Transcription Kit

with Megaplex RT Primers with equal RNA input. cDNA was preamplified using 2x Taq-

Man1 PreAmpMaster Mix and Megaplex™ PreAmp Primers (all Thermo Fisher Scientific) on

a PCR thermocycler (Bio-Rad Laboratories, CA, USA). The expression of 760 miRNAs was

measured using Human Pool A+B TaqMan1 Low Density Array platforms for microRNAs

on a 7900RT-PCR thermocycler (Thermo Fisher Scientific). All steps were performed accord-

ing to the manufacturer’s instructions. Data were analysed with RQManager Software (Life

Technologies). The dCt method was used for relative quantification as follows: dCt = Ct(array

average)-Ct(miRNA of interest), followed by x-fold change calculations.

All miRNAs exhibiting a minimum 1.5 mean fold difference in expression between at least

2 groups according to across-group comparisons (HC vs. nr-AxSpA vs. AS) were taken for-

ward for pathway analysis and literature search as explained below. In total, 21 miRNAs were

selected for further validation using single assays. Total RNA from the remaining non-pooled

samples was reverse-transcribed using TaqMan Real Time miRNA specific primers (including

primers for cel-miR-39, cel-miR-54 and cel-miR-238) and then amplified by real-time PCR

with TaqMan probes and TaqMan Universal PCRMaster Mix on a 7900RT-PCR thermocycler

(Thermo Fisher Scientific). Data were analysed with RQManager Software (Thermo Fisher

Scientific). The dCt method was used for relative quantification as follows: dCt = Ct(spike-in

average)-Ct(miRNA of interest); therefore, higher dCt values represent higher expression lev-

els of particular miRNAs.

Statistical analysis

Data are expressed as the mean±SD. One-way ANOVA with post-hoc comparison for multiple

comparisons or unpaired T test (with Welch’s correction in case of homogeneity assumption

violations) for comparisons between 2 groups were used where applicable. Pearson’s correla-

tion coefficient was used to correlate any two variables. P values less than 0.05 were considered

statistically significant. All analyses and graphs were performed and generated, respectively,

using GraphPad Prism 5.02 (GraphPad Software, La Jolla, CA).

Literature search

First, DIANA-mirPath tool was used to analyze clustering of miRNAs and pathways. In the

next step, an online search (PubMed, performed in March 2016) of the functions of miRNAs

was performed and 21 miRNAs with a hypothesized role in the pathogenesis of AxSpA were

selected.

Results

Comprehensive analysis of circulating miRNAs

A comprehensive screening of 760 miRNAs was performed using TaqMan Low Density

Arrays, as described above. Only miRNAs expressed in all 5 samples were taken forward for

the analysis. Overall, 162 miRNAs were detected in HCs, 154 miRNAs were detected in

patients with nr-AxSpA, 110 miRNAs were detected in patients with sacroiliitis, and 110
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miRNAs were detected in AS patients with spinal involvement (AS II-V). Of those miRNAs,

92 were detected in all tested samples, 10 were detected in HCs, nr-AxSpA patients and AS

patients with sacroiliitis and 25 were shared by HC and nr-AxSpA patients (S1 Fig). We found

no miRNA unique to AxSpA.

Using the approach described in the Methods, miRNAs exhibiting a minimum 1.5 mean

fold difference in expression between at least 2 groups according to across-group comparisons

(HC vs. nr-AxSpA vs. AS with sacroiliitis and with spinal involvement) were considered for

further analysis (S1 Table).

DIANAmir-Path cluster analysis and literature review enabled selection of 21 miRNAs for

further validation (Fig 1, S2 Table).

Differential expression of circulating miRNAs between HC and patients
with AxSpA

As mentioned above, 21 selected miRNAs were analysed using single assays to confirm their

differential expression (S3 Table).

The expression was compared between HC and patients with AxSpA as follows:

Significantly lower expression (from 1.6 to 3.9 times) of 14 miRNAs most of which are

involved in osteoblast differentiation or the Wnt signalling pathway, were noted in all patients

with AxSpA irrespective of patient radiographic findings compared to HC (Table 2, extended

results shown in S4 Table).

As the group of AxSpA is heterogeneous, we next compared patients with AxSpA according

radiographic damage with HC (Table 2, S4 Table, Fig 2):

In patients with nr-AxSpA, only miR-625-3p appeared significantly different and exhibited

2.3 times lower expression levels than in HC. Eighteen miRNAs exhibited 2.1 to 5.6 times

lower expression levels in radiographic disease irrespective of spinal involvement than in HC,

and 14 miRNAs were 2.0–3.9 times lower in AS patients than in patients with non-radio-

graphic disease (Table 2, S4 Table).

These results indicate that some differences exist in the levels of circulating miRNAs

between HC and patients with non-radiographic disease, while more differences exist at radio-

graphic stage reflecting bony changes in patients with more advanced disease.

Effects of spinal involvement on circulating miRNA expression

Next, we evaluated the differences in circulating miRNA levels between patients with nr-

AxSpA and definite radiographic disease in patients with isolated sacroiliitis and with spinal

involvement (classified as AS II-V) as follows (Fig 2):

nr-AxSpA vs. AS: The vast majority of miRNAs (miR-19a-3p, miR-24-3p, miR-27a-3p,

miR-29a-3p, miR-106a-5p, miR-140-3p, miR-146a-5p, miR-146b-5p, miR-151a-3p, miR-221-

3p, miR-223-3p, miR-374a-5p) exhibited 2.0–5.2 times lower expression levels in both AS

groups than in the nr-AxSpA patients. As most of them are associated with bone remodelling,

these data indicate that an inverse association exists between radiographic bone formation and

circulating miRNA levels.

Sacroiliitis vs. AS II-V: However, there were no significant differences in the levels of

abovementioned 12 miRNAs between sacroiliitis and AS II-V groups. MiR-99b-5p, miR-625-

3p and miR-885-5p exhibited significantly lower expression (2.3 times, 2.2 times, 3.3 times,

respectively) in AS patients with spinal involvement (AS II-V) than in those with sacroiliitis.

Interestingly, we found no data regarding the roles of miR-625-3p and miR-885-5p in bone

formation or inflammation (S2 Table).

Circulating miRNAs in patients with axial spondyloarthritis

PLOSONE | https://doi.org/10.1371/journal.pone.0185323 September 22, 2017 5 / 15

https://doi.org/10.1371/journal.pone.0185323


Fig 1. Significance cluster analysis of selectedmiRNAs using DIANAmirPath tool showing the involvement of miRNAs in
different signalling and pathogenic pathways. Although the involvement in certain pathways of several miRNAs overlapped, the
function of fewmiRNAs was unknown and required manual search for their function.

https://doi.org/10.1371/journal.pone.0185323.g001
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Moreover, patients with a bamboo spine exhibited 1.6–8.0 times significantly lower expres-

sion levels of some of the miRNAs mentioned above (miR-19a-3p, miR-24-3p, miR-27a-3p,

miR-99b-5p, miR-106a-5p, miR-140-3p, miR-145-5p, miR-146a-5p, miR-146b-5p, miR-222-

3p, miR-223-3p, miR-374a-5p, miR-375), including miR-625-3p and miR-885-5p than AS

patients with less severe spinal damage (Fig 2).

Association between circulating miRNAs and disease activity

We next aimed to analyse the associations between circulating miRNA levels and disease activ-

ity parameters (Fig 3).

In patients with nr-AxSpA, no significant associations between miRNA levels and BASDAI

were noted. CRP was positively correlated with the levels of miR-99b-5p, miR-140-3p, miR-

145-5p and miR-374a-5p expression (Fig 3A).

In all AS patients, BASDAI positively correlated with the levels of miR-99b-5p, miR-133a-

3p, miR-625-3p and miR-885-5p, while CRP was correlated with the levels of miR-146a-5p,

miR-151a-3p, miR-181a-5p and miR-221-3p (Fig 3B).

When further sub-analysis was performed, we noted no correlations between miRNAs and

CRP or BASDAI in patients with sacroiliitis. However, in AS patients with spinal involvement

Table 2. Summary of expression and function of selectedmiRNAs asmarkers of disease activity and hypothesized role in AxSpA.

miRNA Diagnosis Disease activity Treatment response Hypothesized role in

AxSpAHC vs.

AxSpAT
HC vs. nr-

AxSpA

HC vs.

AS

nr-AxSpA

vs. AS

nr-

AxSpA

AS sacroiliitis AS II-V NSAID vs.

antiTNF

DMARDs. vs.

antiTNF

miR-19a-3p * - ** * - - - - - ** bone formation

miR-24-3p * - ** ** - - - - *** *** bone formation

miR-27a-3p ** - *** ** - - - - *** ** bone formation

miR-29a-3p ** - *** * - - - BASDAI,
CRP

* ** bone formation,

miR-99b-5p ** - *** * CRP BASDAI - - *** ** bone formation

miR-106a-5p - - ** ** - - - - *** *** bone formation

miR-133a-3p * - * - - BASDAI - CRP - * differentiation?

miR-140-3p - - * ** CRP - - - ** ** inflammation

miR-145-5p - - * - CRP - - - ** * bone formation

miR-146a-5p * - ** * - CRP - - * * inflammation

miR-146b-5p * - ** ** - - - - ** *** migration, invasion

miR-151a-3p - - * * - CRP - CRP - - migration

miR-181a-5p - - - - - CRP - - - - ?

miR-221-3p - - ** * - CRP - - - * immunopathogenesis

miR-222-3p *** - *** * - - - BASDAI - - bone formation

miR-223-3p * - ** * - - - - ** ** bone formation

miR-374a-5p ** - *** * CRP - - - * * bone formation

miR-375 * - - - - - - BASDAI - - bone formation

miR-409-3p ** - *** - - - - CRP - - proliferation, invasion

miR-625-3p *** * *** - - BASDAI - BASDAI - - ?

miR-885-5p - - - - - BASDAI - BASDAI - - ?

Abbreviations: HC, healthy controls; nr-AxSpA, non-radiographic axial spondyloarthritis; AS, ankylosing spondylitis; AS II-V, ankylosing spondylitis with

spinal involvement; DMARDs, disease modifying antirheumatic drugs; NSAID, non-steroidal anti-inflammatory drugs; T, T test; -, not significant;

*p<0.05,
**p<0.01,
***p<0.001.
Statistical significance was calculated using ANOVA unless stated otherwise.

https://doi.org/10.1371/journal.pone.0185323.t002

Circulating miRNAs in patients with axial spondyloarthritis

PLOSONE | https://doi.org/10.1371/journal.pone.0185323 September 22, 2017 7 / 15

https://doi.org/10.1371/journal.pone.0185323.t002
https://doi.org/10.1371/journal.pone.0185323


Fig 2. Differences in the levels of circulatingmiRNAs between healthy controls, patients with non-
radiographic AxSpA (nr-AxSpA) and patients with ankylosing spondylitis (AS) with isolated
sacroiliitis and spinal involvement (AS II-V). Black symbols indicate patients with bamboo spine. *p<0.05,
**p<0.01, ***p<0.001.

https://doi.org/10.1371/journal.pone.0185323.g002
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(AS II-V), we noted a positive correlation between BASDAI and mi-29a-3p, miR-222-3p, miR-

375, miR-625-3p and miR-885-5p levels and a positive correlation between CRP and miR-29a-

3p, miR-133a-3p, miR-151a-3p and miR-409-3p levels.

We then considered different HLA-B27 status, peripheral arthritis or extraarticular mani-

festations on levels of miRNAs but no effect was found in any of these confounders. While no

significant differences were noted in miRNA levels between patients receiving non-steroidal

anti-inflammatory drugs (NSAID) or disease modifying antirheumatic drugs (DMARDs), the

patients receiving anti-TNF therapy exhibited significantly lower levels of all remaining miR-

NAs than anti-TNF naïve patients (Table 2, S4 Table).

Discussion

To our knowledge, this is the first study to perform comprehensive analyses of 760 circulating

miRNAs in patients with various stages of AxSpA. We observed differential expression of

some miRNAs in patients with more advanced spinal disease.

Circulating miRNAs have been shown to be unexpectedly stable, which makes them acces-

sible via body fluid sampling and potentially useful as biomarkers [13]. Some associations

between circulating miRNA levels and disease activity e.g., in early RA [9] or systemic lupus

erythematosus [14], have previously been shown; however, data on circulating miRNAs in

AxSpA are lacking.

Of 760 screened miRNAs, 21 exhibiting differential expression among patients at various

disease stages were selected. We confirmed that 14 miRNAs (miR-19a-3p, miR-24-3p, miR-

27a-3p, miR-29a-3p, miR-99b-5p, miR-133a-3p, miR-146a-5p, miR-146b-5p, miR-222-3p,

miR-223-3p, miR-374a-5p, miR-375, miR-409-3p and miR-625-3p) had lower expression

Fig 3. Correlation between circulatingmiRNAs, CRP and BASDAI in nr-AxSpA (A) and AS patients (B).

https://doi.org/10.1371/journal.pone.0185323.g003
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levels in all AxSpA patients, irrespective of radiographic findings, than in HC. Most of them

were shown to be associated with osteoblast differentiation or the Wnt signalling pathway,

while others participate in cell differentiation and proliferation or inflammation. These data

support our hypothesis that dysregulation of circulating miRNA occurs in patients with

AxSpA.

Interestingly, only miR-625-3p was significantly different in nr-AxSpA patients compared

to HC. Eighteen miRNAs were confirmed to have lower expression levels in AS patients than

in HCs. Of these, 14 exhibited lower expression levels in AS patients with radiographic disease

than in AS patients with non-radiographic disease. The levels of 9 miRNAs (miR-19a-3p, miR-

24-3p, miR-27a-3p, miR-106a-5p, miR-140-3p, miR-146a-5p, miR-146b-5p, miR-223-3p,

miR-374a-5p) were lower in patients with a bamboo spine than in other patients with AS.

Interestingly, these 9 miRNAs that exhibited differential expression in conjunction with pro-

gressive spinal damage, 6 miRNAs (miR-19a-3p, miR-24-3p, miR-27a-3p, miR-106a-5p, miR-

223-3p, miR-374a-5p) play roles in bone formation by mediating Wnt signalling pathway

activity, and 3 (miR-140-3p, miR-146a-5p, miR-146b-5p) play roles in inflammation or cell

migration that may be related to the pathogenesis of AxSpA.

At present, it is not technically feasible to show the effect of native biofluid circulating

miRNA on target genes in tissues using functional experiments due to lack of data on their

specific source, trafficking and targeting mechanisms. Drawing firm conclusions on the role of

circulating miRNAs in the pathogenesis is therefore difficult and these are mostly inferred

from data published on intracellular miRNAs reviewed by literature and databases search.

Similarly, we inferred the potential of differentially expressed circulating miRNAs in the path-

ogenesis of AxSpA based on published data on other diseases.

Many miRNAs shown here to be differentially expressed are involved in bone turnover.

MiR-19a was described as a negative regulator of the Wnt signalling pathway in endothelial

cells [15]. MiR-24 overexpression significantly inhibited osteogenic differentiation in osteo-

blastic cells [16]. Runx2, a transcription factor essential for osteoblastogenesis, was shown to

negatively regulate the expression of miR-27a [17]. Another study showed that miR-27 pro-

mote osteoblast differentiation by modulating Wnt signalling [18]. MiR-106a inhibits osteo-

genesis in mesenchymal stem cells [19] and is a negative regulator of IL-8, the levels of which

are known to be elevated in AS patients [20, 21]. MiR-223 affects bone metabolism, especially

osteoclast and osteoblast differentiation [22] and blocking miR-223 inhibits osteoclastogenesis

[23]. Moreover, miR-223 appears to be a biomarker of disease activity and treatment response

in RA [9, 24]. MiR-374a has been shown to be an activator of the Wnt signalling pathway [25].

In summary, we believe that lower systemic levels of miRNAs may reflect their low local

expression levels. Our data show a trend towards lower levels according the extent of spine

involvement with the lowest levels in patients with most advanced disease. We hypothesize

that lower systemic levels of miRNAs negatively correlate with new bone formation promoted

by induction of osteoblastogenesis and to lesser extend also by local inflammation or osteitis

initiated by osteoclast infiltration. However, the data regarding miR-27a and miR-374a remain

controversial and do not entirely support our theory.

In addition, several miRNAs modulate inflammatory process. IL-1β suppressed miR-140

expression and induced ADAMTS5, a member of the extracellular protease enzyme family.

Conversely, transfection of chondrocytes with miR-140 downregulated IL-1β-induced
ADAMTS5 expression [26]. In keeping with these findings, miR-140-3p was shown to

ameliorate autoimmune arthritis [27]. Administration of miR-146a prevents joint destruc-

tion in arthritic mice presenting miR-146a as a negative regulator of inflammation [28].

These data suggest that miR-140-3p and miR-146a dysregulation may be associated with the
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proinflammatory state characteristic of AxSpA. Also, miR-146a polymorphisms have been

suggested to be a potential pathogenic factor for AS [29].

Here we propose circulating miRNAs as markers of disease activity. In nr-AxSpA patients,

miR-140-3p, miR-223-3p, miR-99b-5p and miR-145-5p levels correlated with CRP. Both miR-

99b and miR-145 were shown to be associated with osteoclast/osteoblast differentiation [30,

31]. However, no associations with BASDAI were observed in these patients or those with

sacroiliitis.

Furthermore, in AS patients with spinal involvement, we observed correlations between

miR-29a-3p and both BASDAI and CRP, as well as associations between miR-222-3p, miR-

625-3p and miR-885-5p and BASDAI. The data on miR-29a levels in AS are rather inconsis-

tent. While miR-29a expression in peripheral blood mononuclear cells was lower in active AS

patients than in controls and decreased after anti-TNF therapy [32], another showed otherwise

[33]. TGF-β, an important stimulator of bone formation [34], inhibits miR-29a expression [35,

36]. In addition, miR-29a has been described as a negative regulator of Wnt signalling and pro-

duction of extracellular matrix [35, 36]. We hypothesize that advanced-stage AS patients with

extensive bone formation have higher levels of TGF-β, which ultimately results in miR-29a

suppression and increased bone formation. MiR-222 has been predicted to exert inhibitory

effects on genes associated with osteogenic differentiation [37], and low levels of miR-222 may

result in increased MMP-13 expression in osteoarthritic cartilage [38]. As mentioned above,

miR-625-3p was significantly decreased in nr-AxSpA and may be associated with early disease.

There is no pathophysiologic explanation for this finding, nor is there an explanation for its

association with BASDAI in advanced AS patients. Similarly, data regarding the potential role

of miR-885-5p in AxSpA are lacking.

There are some limitations in our study. The selection of miRNAs for validation analysis

may appear biased. The initial mirPath screen of all miRNAs of 1.5 mean fold difference

obtained by TLDA provided us with a broad-spectrum unspecific data since such an online

tool is based on validated/predicted targets genes coming from different fields (mostly cancer)

that may be yet largely unknown in AxSpA. Due to practical reasons, it was not feasible to vali-

date all miRNAs fulfilling the abovementioned cut-off. Therefore, a manual review was imple-

mented to narrow down the list of miRNAs taken forward for further analysis and to enable

drawing hypotheses. Next, two different normalization methods were used in our study. Array

data were normalized to Ct average of all miRNAs as miRNAs of non-human origin are not

included on the array platform, while the normalization to the average of 3 spike-in controls

was performed in single-assay analysis. At present, there is no consensus on normalization of

cell-free miRNAs. As the normalization to endogenous cell-free miRNAs may be conditioned

by their altered expression due to (patho)physiological condition of each individual, the use of

spike-in controls of non-human origin appears an acceptable alternative. Moreover, this

approach reflects potential errors during the workflow, although these were minimized. We

appreciate that the differential expression pattern based on TLDA analysis was not always

reflected in single assay analysis. More studies involving larger patient cohorts are needed to

confirm these data, as only a small proportion of the circulating mirnome has been analysed,

and the functions of many miRNAs remain unknown. Moreover, due to nature of circulating

miRNAs direct functional experiments are not feasible and the involvement of miRNAs in the

pathogenesis of AS was hypothesized based on published data.

Conclusions

We have shown for the first time the differential expression levels of several circulating miR-

NAs in radiographic AxSpA patients compared to non-radiographic disease patients and HC.
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Moreover, the levels of these miRNAs appear to reflect progressive spinal involvement. Inter-

estingly, while some of these miRNAs play roles in bone formation and associated signalling

pathways, others play roles in inflammation. It can be hypothesized that differential systemic

miRNA expression levels reflect their dysregulation at sites of spinal inflammation or bone for-

mation where they contribute to the development of pathophysiological features characteristic

of AS. However, only miR625-3p, whose role in AS is unknown, exhibited significantly differ-

ent expression levels in nr-AxSpA patients compared to HC and, interestingly, correlated with

disease activity in AS. Our data support the role of circulating miRNAs in the pathogenesis of

AxSpA and their potential as biomarkers of disease progression. Additional studies involving

larger patient cohorts are needed to confirm these data, as only a small proportion of the circu-

lating mirnome has been analysed, and the functions of many miRNAs remain unknown.
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Axial spondyloarthritis is a chronic inflammatory disease with the onset at a young age, and, if undiagnosed and

untreated, it may result in permanent damage and lifelong disability. Rates of early diagnosis have improved,

due in particular to the addition of magnetic resonance imaging into the diagnostic armamentaria; however, it is

costly, not widely available, and requires experienced readers to interpret the findings. In addition to clinical mea-

sures and imaging techniques, biomarkers that will be described in this reviewmay represent useful tools for diag-

nosis, monitoring disease activity and outcomes as well as therapeutic responses. Currently, HLA-B27 remains the

best genetic biomarker for making a diagnosis, while CRP currently appears to be the best circulating measure for

assessing disease activity, predicting structural progression and therapeutic response. Interestingly, key molecules

in the pathogenesis of the disease and essential therapeutic targets, such as tumour necrosis factor (TNF)α, inter-

leukin (IL)-17 and IL-23, show only limited association with disease characteristics or disease progression. Some

genetic biomarkers and particularly anti-CD74 antibodies, may become a promising tool for the early diagnosis

of axSpA. Further biomarkers, such asmatrixmetalloproteinases (MMP)-3, calprotectin (S100A8/9), vascular endo-

thelial growth factor (VEGF), C-terminal telopeptide of type II collagen (CTX-II) or dickkopf-1 (DKK-1), are not suf-

ficient to reflect disease activity, but may predict spinal structural progression. In addition, recent data have shown

that monitoring calprotectin might represent a valuable biomarker of therapeutic response. However, all of these

results need to be confirmed in large cohort studies prior to use in daily clinical practice.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Axial spondyloarthritis (axSpA) is a group of heterogeneous inflam-

matory rheumatic diseases predominantly affecting the axial skeleton,

which is associated with chronic back pain due to sacroiliac joint and

spinal inflammation [1]. Diverse clinical manifestations are common

in axSpA and include enthesitis, peripheral arthritis (mostly affecting

the large joints of the lower extremities) and characteristic extra-

articular manifestations, such as uveitis, psoriasis or inflammatory

bowel diseases.

The Assessment of SpondyloArthritis international Society (ASAS)

has recently developed new set of classification criteria for axSpA that

were initially intended for clinical research purposes [2]. These criteria

cover the whole spectrum of axial involvement ranging from patients

with non-radiographic axSpA (nr-axSpA) to the well-known group of

patients who already fulfil the modified New York classification criteria

for ankylosing spondylitis (AS) [3]. Because magnetic resonance imag-

ing (MRI) is now a common practice in many countries for evaluating

patients suspected of having axSpA, MRI-detected active sacroiliitis

has become an important tool for the recognition and early diagnosis

of axSpA [4].

However, the diagnosis of the early phases of axSpA still represents a

clinical challenge in daily practice because chronic back pain is a com-

mon symptom and MRI inflammatory abnormalities can also be detect-

ed in healthy individuals. Furthermore, HLA-B27 can be often positive

with no associated clinical presentation. Assessment and monitoring of

disease activity is mostly limited to patient reported outcomes that do

not necessarily correlate with MRI-detected inflammation [5] and to

measuring the CRP, which is less sensitive in axSpA [6], and can also

be used in assessing progression of structural damage [7], particularly

of the spine, and response to therapy [8]. In the context of pathogenic

mechanisms (Fig. 1, Table 1), we summarize here the genetic compo-

nents, biomarkers of inflammation and tissue remodelling, cytokines

and other immune mediators, including parameters of angiogenesis

and autoantibodies that may improve the diagnosis, prognosis and

treatment outcomes in axSpA.

2. Genetic components

HLA-B27 is a class I surface antigen that plays a major role in protec-

tive immunity. It is encoded by the B locus of themajor histocompatibil-

ity complex (MHC) and presents peptide antigens to the T-cells.

Whether themajor role of HLA-B27 in axSpA is the auto-antigen presen-

tation to CD8+T-cells suggestive of autoimmune disease, orwhether its

main function is triggering the innate immune responses secondary to

bacterial ormechanical stress in keepingwith autoinflammatory disease

remains to be elucidated [1]. Irrespective of its pathophysiological func-

tion, HLA-B27 is strongly associated with axSpA and represents a core

laboratory test for the diagnosis of axSpA. No clear associations between

HLA-B27 and sacroiliac or spinal radiographic progression over two

yearswere found in patientswith early axSpA [7], however,more severe

radiographic progression may be observed in HLA-B27 positive AS

patients in long-term [9].

Although HLA-B27 is positive more often in established disease—AS

(80–90%), it is less commonly present in early phases of the disease in

nr-axSpA patients (73–75%) [7,10]. Although the test has a good sensi-

tivity, it has a low specificity as the prevalence of HLA-B27 in healthy

subjects varies across regions ranging between 4 to 25% in western to

northern European countries [11] and only 1.3–6% of the HLA-B27

positive population develops AS [1,12]. This is suggestive of contribution

of additional genes to susceptibility to axSpA [13].
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Fig. 1. Biomarkers of axial spondyloarthritis according to pathogenic mechanisms.
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Other genes are involved in the pathogenesis of axSpA, for instance,

there is a close link between HLA-B27 and endoplasmic reticulum

aminopeptidase 1 (ERAP1), which trims peptides so they can be loaded

onto the MHC. Specific haplotypes are strongly associated with in-

creased risk of AS whereas some variants are AS protective [14–16].

Moreover, ERAP1 inhibition seems to be a potential treatment for AS

[15]. Other gene polymorphisms revealed to be involved with AS and

that play some role in the IL23-IL17 pathway include IL23R, IL-12B,

CARD9 and PTGER4 [16–19].

3. Routine inflammatory biomarkers

3.1. C-reactive protein

C-reactive protein (CRP) is a commonly used acute-phase protein

that reflects systemic inflammation. However, the degree of inflamma-

tion observed fluctuates during the course of axSpA. In general, the level

of CRP is higher in patients with the full-blown radiographic form of the

disease compared with nr-axSpA [6,7,20]. Although CRP is not elevated

in a large proportion of patients with active axSpA, it is widely used as a

reliable parameter of disease activity. CRP correlates with the Ankylos-

ing Spondylitis Disease Activity Score (ASDAS) and, to a lesser extent,

to the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI),

while its correlation with the Bath Ankylosing Spondylitis Functional

Index (BASFI) is inconclusive. CRP levels are moderately correlated

with MRI inflammation, which is presently the best tool for assessing

disease activity [6,8,21,22].

In addition, CRP has been demonstrated to be a reliable biomarker

for the monitoring of treatment response and the prediction of further

structural progression of the disease. Several studies and clinical prac-

tice have demonstrated that elevated CRP levels decrease significantly

during anti-TNF therapy [8,21,23–25]. Importantly, the extent of change

in CRP levels correlate with changes in BASDAI and MRI scores [21,23],

and elevated baseline CRP levels are associated with good treatment

response [23].

However, Pedersen et al. recently demonstrated that the develop-

ment of new syndesmophytes is associated with a more significant

decrease in CRP, while persistent systemic inflammation is associated

with a lack of radiographic progression over a short period of time [8].

This finding is in linewith the hypothesis that, as a result of resolved in-

flammation, the increased rate of ossification of repaired tissue may

occur, while chronic inflammation prevents syndesmophyte formation

[26]. In addition, because several studies failed to show inhibition of

structural progression in patients with AS over two years of anti-TNF

therapy [27,28], it can be hypothesized that ossification appears inde-

pendent of systemic inflammation, at least in terms of spinal involve-

ment. However, longer duration (e.g. eight years) of treatment with

anti-TNF may be necessary to inhibit new syndesmophyte formation

in patients with AS [29].

Although the progression of radiographic sacroiliitis over two years

of anti-TNF therapy was considered low in patients with nr-axSpA as

well as AS, it is evident that elevated CRP levels at the baseline represent

a strong positive predictor of radiographic sacroiliitis progression, espe-

cially for the progression fromnr-axSpA to full-blownAS [7]. In addition,

several prospective studies have demonstrated that elevated CRP levels

are independently associated with radiographic spinal progression in

patientswith axSpA [7,30,31]. This addsmore complexity to how the in-

flammation contributes to osteoproliferation in the context of axSpA

and how available treatment prevents further structural damage. At

present, CRP appears to be the most versatile and reliable biomarker

for assessing disease activity and predicting structural progression as

well as response to therapy.

3.2. Erythrocyte sedimentation rate

Erythrocyte sedimentation rate (ESR) is a nonspecific measure of

inflammation that may be influenced by a variety of other conditions.

It appears a worse marker of disease activity than CRP, although these

data are not consistent [23,32,33]. Furthermore, in patients with early

axSpA, elevated ESR is independently associated with radiographic

spinal progression [31].

4. Markers of tissue remodelling

During the course of axSpA, both tissue degradation and the produc-

tion of new tissue occur. Biomarkers of tissue remodelling are therefore

expected to be differentially expressed during the disease.

4.1. Markers of cartilage remodelling

Type II collagen is a structural protein of cartilage and type III

collagen is a component of most connective tissues. The C-terminal

telopeptide of type II collagen (CTX-II) specifically indicates cartilage

turnover [34]. It has been shown that urinary levels of CTX-II are higher

in AS patients compared with healthy controls [8,35] and that they cor-

relate with markers of systemic inflammation [36,37]. In addition,

axSpA patients with MRI proven inflammation had higher CTX-II levels

[8], and treatment with anti-TNF agents contributed to significant de-

creases in urinary CTX-II levels that correlatedwith improvement in dis-

ease activity [37]. There is data showing that urine levels of CTX-II are

found to correlate with joint destruction in patients with rheumatoid

arthritis [38]. Similarly, CTX-II appears to be a biomarker of radiographic

progression in axSpA; CTX-II levels were associated with radiographic

spinal damage and structural progression in patients with AS [35,36].

Other biomarkers of cartilage and synovium turnover include the

degradation products C2M and C3M, respectively, that are both signifi-

cantly higher in patients with AS compared with healthy controls [39,

40]. C3M, but not C2M, correlated with acute phase reactants and

with radiographic modified Stoke Ankylosing Spondylitis Spine Score

Table 1

Summary of biomarkers with established roles and exploratory value in the diagnosis and monitoring of disease activity and treatment response in patients with axial spondyloarthritis,

and their potential for becoming therapeutic targets.

Diagnosis Disease activity Structural progression Therapeutic response Therapeutic targets

HLA B27 [12]

anti-CD74 [137]

YKL-40 [41] TNFα [75]

MMP-3 [42] MMP-8 [70] MMP-9 [70]

IL-8 [101]

IL-17 [83]

IL-23 [83]

IL-21 [94]

SAA [103]

CTLA-4 [107]

Leptin [123]

CTX-II [36] CTX-I [48]

C2M/C3M [40]

COMP [8]

Cathepsin K [50]

Osteopontin [46]

Dkk-1 [58]

Sclerostin [61] MMP-3 [43]

VICM [72]

IL-6 [8]

S100A8/9 [130]

VEGF [114]

Visfatin [116]

CRP [23]

ESR [23]

Sclerostin [63] SAA [23]

S100A8/9 [25]

TNFα [77]

IL-17 [87]

IL-23 [90]
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(mSASSS). Furthermore, the combination of both biomarkers had a high

predictive value for radiographic progression of the disease [39,40].

Serum human cartilage glycoprotein-39 (YKL-40) is a protein

secreted by human chondrocytes and synoviocytes and can be used as

a marker for cartilage remodelling and synovial hyperplasia. YKL-40

levels are significantly higher in SpA patients compared with healthy

controls [41]. While the change in YKL-40 after therapy varies [8,41,

42], there is some evidence supporting a correlation between the

change in YKL-40 with a change in disease activity using BASDAI, ESR

and CRP, but not with radiographic progression [42,43].

Cartilage Oligomeric Matrix Protein (COMP) is an extracellular

matrix protein that catalyzes the assembly of type I and type II collagen

and reflects increased cartilage turnover [44]. A weak inverse relation-

ship between COMP levels and MRI inflammation in patients with

axSpA is suggestive of increased collagen synthesis while the inflamma-

tory process is suppressed [8].

4.2. Markers of bone remodelling

New bone formation (syndesmophytes) and bone resorption

(erosions) are typical features of axSpA, suggesting that parameters of

bone metabolism may be impaired during the course of the disease.

C-terminal telopeptide of type I collagen (CTX-I) is a marker of

osteoclast activity reflecting bone degradation [45]. Both urinary and

serum CTX-I levels are higher in AS patients compared with healthy

controls [8,35,46]. Urinary CTX-I reflects disease activity and loss of fem-

oral bone mass density (BMD) [35], but not radiographic spine damage

[36]. In patients receiving anti-TNF therapy, baseline serum levels of

CTX-I correlated with increases in spinal BMD over periods of 24 and

102 weeks [47]. Furthermore, in a cross-sectional study, patients with

ASwithmore than one bridging syndesmophyte had significantly higher

serum levels of CTX-I than patients without bridging syndesmophytes

[48].

Cathepsin K, an enzyme expressed predominantly in osteoclasts

triggered by inflammatory cytokines, is involved in bone remodelling

and resorption. Although systemic levels of cathepsin K in patients

with AS were similar to those in healthy controls [49], there was a

strong expression of cathepsin K in mononuclear cells, fibroblast-like

cells and cells attached to bone in patients with AS in contrast to those

with degenerative disc disease [50].

Osteopontin is a secreted protein expressed by various cells including

inflammatory cells, chondrocytes or cells involved in bone metabolism,

such as osteoclasts and osteoblasts. Circulating osteopontin levels as

well as its intracellular expression in inflammatory cells were higher in

patients with AS than in controls. Although the data are not robust,

osteopontin appears amarker of tissue remodelling rather than amarker

of inflammation in AS based on its strong correlationwith othermarkers

of bone metabolism (osteocalcin, CTX-I) and the lack of association with

inflammatory parameters [46].

Dickkopf-1 (DKK-1) is an inhibitor of Wnt signalling, a crucial path-

way affecting bone formation [51]. The deregulation of DKK-1 leads to

different bone pathologies [52], including AS [53]. In amousemodel, in-

hibition of DKK-1 did not affect inflammatory signs of sacroiliitis, but

significantly reduced bone erosions and number of osteoclasts and trig-

gered ankylosis of the sacroiliac joints [54]. However, conflicting data on

systemic DKK-1 levels have been reported. Few studies showed signifi-

cantly higher DKK-1 levels in patients with rheumatoid arthritis com-

pared with healthy controls, while DKK-1 levels in AS patients were

lower than in healthy subjects [55,56]. In contrast, another study

showed high levels of serum DKK-1 in patients with AS compared

with healthy controls or other types of arthritis [57]. There was a

trend toward higher functional DKK-1 levels in AS patients without

syndesmophytes compared with those with syndesmophytes, while

the total DKK-1 levels were not different. In addition, the DKK-1 levels

were significantly higher in patients with no syndesmophyte growth

compared with those with syndesmophyte formation over two years,

irrespective of the baseline presence of syndesmophytes [58]. These

data suggest that high serum levels of functional DKK-1 are protective

and are associated with lower syndesmophyte formation in AS patients

[58].While levels of DKK-1 remained unchanged [56] or even decreased

[59] after therapywith TNF inhibitors [56], higher serumDKK-1 levels in

AS patients treated with anti-TNF agents versus untreated AS patients

were noted [57]. This was not a disease activity–related effect because

patients in clinical remission had similar DKK-1 levels to AS patients

with active disease, and only anti-TNF administration was a significant

predictor of serum DKK-1 levels irrespective of other disease character-

istics [57].

Sclerostin is another Wnt signalling inhibitor that negatively regu-

lates osteoblast function and suppresses bone formation [60]. Sclerostin

expression is impaired in AS as shown in a mouse model of spondylitis

[53]. Similarly, low local expression of sclerostin as well as low circulat-

ing levels were demonstrated in patients with AS compared with

healthy controls or patientswith inflammatory arthritis [61,62]. In addi-

tion, low circulating sclerostin in patients with AS was significantly as-

sociated with the formation of new syndesmophytes [61]. Sclerostin

levels progressively increased over 12 months of anti-TNF therapy, al-

though they remained significantly lower in AS patients compared

with controls [63]. In addition, AS patients with lower sclerostin

serum levels had higher baseline CRP levels and an increased risk of

having high CRP levels after 12 months of treatment than patients

with higher baseline sclerostin levels [62,63]. These data indicate that

baseline levels of sclerostin seem to be predictive of anti-TNF therapy

response.

4.3. Other biomarkers of tissue degradation

Matrix metalloproteinases (MMPs), enzymes regulating the break-

down of the extracellular matrix, are involved in multiple pathologies

[64]. In general, serum levels of MMP-3 are increased in patients with

AS compared with healthy controls [25,49,65–67]. In addition, MMP-3

correlatedwith CRP level, disease activity and functional status assessed

by BASDAI and BASFI, respectively, and was suggested to be a more ac-

curate parameter than acute phase reactants in identifying AS patients

with high disease activity [22,65–68]. Although serum MMP-3 repre-

sents a reliable parameter of disease activity, it is often not reflected in

MRI studies of inflammation of the sacroiliac joints [68]. On the other

hand, baseline MMP-3 was demonstrated as an independent predictor

of the two year radiographic progression [43], but thiswas not observed

in another study, nevertheless of a shorter duration [8]. Change inMMP-

3 levels following therapy in patients with AS showed inconsistent re-

sults with either unchanged or decreased levels [8,25,42,69]. Although

investigated to a lesser extent, MMP-8 and MMP-9 were shown to be

associated with disease activity assessed by BASDAI score [70].

Vimentin is a part of the cytoskeleton expressed by various cells.

Citrullinated fragments of vimentin (VICM) are MMP-degraded frag-

ments modified by citrullination, an unspecific modification associated

with the inflammatory process [71]. Levels of VICM are significantly

higher in patients with AS than in healthy controls and, moreover,

patients with higher levels of VICM have more structural damage and

higher disease activity as measured bymSASSS and BASDAI. Important-

ly, patients with higher levels of VICM and high baseline mSASSS are at

higher risk of radiographic progression over two years [72].

5. Cytokines as promising therapeutic targets

TNF-alpha (TNFα) is a crucial cytokine that plays an essential role

during the inflammatory response via the upregulation of adhesive

molecules, lymphocyte activation, fibroblast proliferation and the pro-

duction of the main pro-inflammatory cytokines [73]. TNFα levels are

significantly higher in patients with AS compared with subjects with

non-inflammatory back pain or healthy controls [74,75]. TNFα expres-

sion is strongly up-regulated in sacroiliac joint biopsies of AS patients
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[76]. Although it is not a reliable biomarker of disease activity, targeting

TNFα has become a major step forward in the management of axSpA

[77].

In addition to TNFα, the IL-23/IL-17 immune axis appears to be a

very important pathway in the pathogenesis of SpA [78]. Despite the

lack of association between these two cytokines and disease activity,

both cytokines have become promising therapeutic targets [78]. IL-17

is mainly produced by Th17+ T-helper cells that are initially activated

by IL-23. This axis is crucially involved in inflammation and autoim-

mune diseases [78]. The number of IL-17+ T cells in peripheral blood

is higher in patients with AS compared with healthy individuals

[79–81]. Interestingly, the number of IL-17+ peripheral T cells is equal-

ly increased in patients with early active axSpA both with and without

MRI abnormalities [80]. IL-17 is up-regulated in facet joints [82] as

well as in the blood circulation [83–86] of AS patients compared with

subjects with degenerative changes or healthy controls, respectively.

However, in most studies, systemic levels of IL-17 correlated neither

with inflammatorymarkers nor with clinical disease activity [83,84,86].

To stress the role of the IL-17 axis in AS, treatment with TNFα

blocking agents significantly reduced the number of Th17 cells as well

as serum IL-17 levels in responders, but it increased both in non-

responders [83]. Moreover, in a recent phase 2 trial, treatment with

the anti-IL-17 A monoclonal antibody secukinumab was effective in

patients with AS [87].

As IL-23 induces the production of IL-17, both cytokines positively

correlated with each other in AS patients [84]. Although IL-23 serum

levels [84,85,88–90] and IL-23 expression in the subchondral bone

marrow from the facet joints [91] are up-regulated in AS patients,

they do not correlate with the CRP level, MRI inflammation or clinical

disease activity [83,89]. Similarly to IL-17, the levels of IL-23 significant-

ly decreased in responders to anti-TNF therapy while they increased in

non-responders [83]. Furthermore, in a proof-of-concept clinical trial,

ustekinumab, a monoclonal antibody against the p40 subunit shared

by IL-12 and IL-23, demonstrated clinical improvement in patients

with AS [90].

In addition, IL-21 and IL-22, both interconnected with IL-17 and

Th17 cells [92], are elevated in patients with AS [89,93–95]. Although

no significant correlation between IL-21 and disease activity has been

demonstrated, IL-21 is decreased after the initiation of conventional

and anti-TNF therapy [94,96].

Interleukin 6 (IL-6), an important cytokine regulating the immune

response, acute phase reaction and haematopoiesis, is involved in

the pathogenesis of multiple diseases, including immune-mediated

disorders [97]. Most studies have demonstrated elevated serum levels

of IL-6 in patients with AS compared with healthy controls [25,41,75,

83,98]. Interestingly, high local expression of IL-6 has been found in sa-

croiliac biopsies of AS patients, more pronounced in patients with early

disease compared with advanced stages [99]. Serum levels of IL-6 were

shown to be associated with disease activity, including acute phase re-

actants, BASDAI and ASDAS [74,83]. Decrease in serum IL-6 levels

were shown in AS patients following anti-TNF treatment [8,21,41], in

good responders in particular [83]. Thus, IL-6may be used as a predictor

of therapeutic response. Moreover, early drop in levels of IL-6 (unlike

CRP) two weeks after treatment initiation was associated with signifi-

cant improvement in disease activity measured by BASDAI and the

spinal inflammation detected by MRI after six months of treatment

[21]. These results were supported in another study where normaliza-

tion of IL-6 levels correlatedwith a decrease inMRI inflammation scores

[8]. Baseline IL-6 levels correlated with increased spinal BMD after anti-

TNF therapy and decrease in IL-6 levels was associated with new

syndesmophytes formation [8,47]. However, it was recently demon-

strated that IL-6 receptor blockade with sarilumab was not an effective

treatment for AS [100].

IL-8, amember of the CXC family (known as CXCL 8), is an inflamma-

tory chemokine which induces chemotaxis in target cells. Serum levels

of IL-8 are significantly higher in patients with AS compared with

controls and were shown to correlate with laboratory and clinical dis-

ease activity [98,101]. However, further studies are needed to confirm

the role of IL-8 as a biomarker of disease activity or treatment response

in patients with axSpA, particularly in early phases of the disease.

6. Other inflammatory mediators

Serum amyloids A (SAA) are proteins associated with high-density

lipoprotein that are produced as a response to inflammatory stimuli

[102]. Patients with AS have significantly higher levels of serum SAA

than healthy controls, and the levels of SAA were shown to correlate

with laboratory as well as clinical parameters of disease activity [103,

104]. Given that SAA is a precursor of amyloid A protein leading to com-

plications in severe form of AS, it is hypothesizedd that high circulating

SAA is a predisposing indicator of disease activity [104]. Levels of SAA

were significantly decreased after anti-TNF therapy, were associated

with BASDAI and, importantly, elevated SAA levels prior therapy in

combination with CRP predicted treatment response [23,105].

Cytotoxic T lymphocyte associated molecule (CTLA-4) is involved in

inhibition of immune response.While themembrane-bound CTLA-4 is a

negative regulator of T cell-mediated immune response, the role of

soluble CTLA-4 is still not completely understood [106]. Serum levels

of CTLA-4 were significantly higher in the patients with SpA than in

healthy controls and correlated with CRP and BASDAI [107]. While

treatment of RA patients with abatacept, a fusion CTLA-Ig protein, has

demonstrated good efficacy, a pilot study in patients with AS failed to

prove satisfactory treatment response [108,109].

7. Biomarkers of angiogenesis

Vascular endothelial growth factor (VEGF), a signalling protein that

plays a crucial role in angiogenesis, is involved in the pathogenesis of

arthritis [110]. Because angioneogenesis is important for new bone for-

mation as well as sacroiliitis and enthesitis, VEGF has been suggested to

be a promising biomarker in SpA. Indeed, patients with AS have higher

systemic levels of VEGF [41,111,112] that were shown to correlate with

acute phase reactants and functional status [83,111,113]. There is a body

of evidence demonstrating that VEGF is significantly decreased follow-

ing anti-TNF therapy [8,21,25,41,113]. Although this decrease does not

seem to correlate with the change in MRI inflammation or BASDAI im-

provement, elevated baseline VEGF levels were associated with in-

creases in spinal BMD over time [21,47]. While Drouart et al. found no

association between VEGF and the presence of extra-articular manifes-

tations, syndesmophytes or with the severity of sacroiliitis [111], other

studies have shown that elevated serum VEGF is a reliable predictor of

radiographic progression in patients with axSpA, especially in patients

with the presence of syndesmophytes at baseline [8,114].

8. Controversial adipokines

Adipokines, although originally thought to be produced specifically

by adipose tissue, are released by various cells and have been associated

with a variety of inflammatory conditions [115]. While resistin and

visfatin levels were demonstrated to be higher, adiponectin levels

were either higher or comparable in patients with AS compared with

healthy controls [116–119]. Several studies have demonstrated either

lower or comparable levels of leptin in patients with AS compared

with healthy controls [118–120]. While adipokines have been exten-

sively studied in RA with controversial results, most data in AS show a

lack of association with disease activity [121,122]. However, high base-

line visfatin levels were predictive of radiographic progression over

two years [116]. AS patients with hip involvement, synovitis and/or

enthesitis had higher adiponectin levels than patients without compli-

cations [121]. In addition, systemic levels of leptin were found to be

elevated in patients with AS with syndesmophytes and were associated

with BASDAI and IL-6 [123,124].
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9. Calprotectin (S100A8/9)—biomarker of clinical response?

Calprotectin is a heterodimer composed of the two calcium-binding

proteins S100A8 and S100A9 with pro-inflammatory properties and an

indisputable role in RA [125,126]. Faecal calprotectin is used to distin-

guish inflammatory bowel disease from non-inflammatory conditions

[127]. The levels of faecal calprotectin in AS patients were associated

with age, disease duration, acute phase reactants, but, interestingly,

not with gastrointestinal symptoms. However, faecal calprotectin was

higher in AS patients using NSAIDs, while it was lower in patients on

disease modifying antirheumatic drugs, which may suggest subclinical

intestinal inflammation [128]. Serum calprotectin was shown to be

increased in SpA patients compared with healthy controls [25,129].

Although serum calprotectin was positively correlated with acute-

phase reactants, it did not correlate with disease activity indices [128–

130]. More interestingly, baseline calprotectin was higher in patients

with more rapid radiographic spinal progression, was decreased upon

treatment with TNFα-inhibitors and may represent a biomarker for

clinical response [25,130].

10. Autoantibodies as biomarkers?

Several (auto)antibodies have already been studied in axSpA with

some showing promising results. Antibodies to different microbial

antigens have been studied in axSpA. Mycobacteria are arthritogenic

microorganisms involved in the pathogenesis of SpA and inflammatory

bowel disease (IBD) [131,132]. As demonstrated, autoantibodies against

mycobacterial HSP 65 kDa (HSP65)were detected in the sera of patients

with AS [133,134]. While the first report did not show any differences,

more recent data showed higher levels of anti-HSP65 in patients with

AS than in healthy controls [134]. However, these antibodies did not

differentiate between axial and peripheral disease, did not distinguish

between the presence or absence of extraarticular features, and did

not correlate with disease activity [134].

Flagellin, a molecular component of bacterial surfaces, triggers the

production of pro-inflammatory cytokines. While there were either

higher or no differences in positivity rates of antibodies against flagellin

(anti-CBir-1) between patientswith IBD and patientswith AS [131,132],

these antibodies were able to distinguish AS from healthy controls

[131].

While anti-citrullinated peptide antibodies (ACPA) are a useful

diagnostic tool in RA, their relevance to axSpA remains largely un-

known. Recently, antibodies against (modified) citrullinated vimentin

(anti-MCV) were identified in 14% of patients with SpA, compared

with 62% with RA or 15% of PsA patients [135] or in 37% of AS patients

comparedwith 0% of healthy controls [134]. Similar to anti-HSP65 anti-

bodies, no association with disease activity was shown.

Recently, IgG antibodies against CD74 were found to be elevated in

patients with axSpA compared with non-SpA patients (67–85 vs. b15%)

or to healthy individuals (b1%) [136,137]. CD74 is a gamma chain of

HLA class II involved in antigen presentation, B-cell differentiation and in-

flammatory signalling [138]. Its extracellular portion has two domains:

the thyroglobulin type-1 and the class II-associated invariant chain pep-

tide (CLIP). Binding of CLIP antibodies to CD74may lead to the activation

of cells and the production of pro-inflammatory cytokines such as TNFα

[139]. Anti-CLIP antibodies were strongly associated with a short disease

duration of axSpA [136] and with a higher likelihood of confirming the

diagnosis than using HLA-B27 (sensitivity of anti-CLIP vs. HLA-B27 for

the diagnosis of axSpA: 85.1 vs. 77.8%) [137]. Therefore, anti-CLIP anti-

bodies may become a promising tool for the early diagnosis of axSpA.

11. Synovial tissue analysis—an underestimated tool?

In addition to axial presentation, the involvement of peripheral

joints with chronic synovitis may also be observed in axSpA patients.

The unique information obtained from synovial tissue may be superior

to markers obtained from peripheral blood. Synovial tissue analyses

revealed distinct histology between patients with RA and axSpA,

although the pattern was not significantly different between SpA sub-

types (e.g., AS, psoriatic, reactive or enteropathic arthritis) [140]. Con-

sidering the relation between synovial histopathology and disease

activity in SpA, the following relationships were revealed: swollen

joint count correlated with lining-layer thickness and sublining macro-

phage infiltrations, while CRP levels correlated significantly with syno-

vial infiltration with polymorphonuclear cells and macrophages. It

appears that global disease activity in SpA is essentially associated

with inflammatory infiltration as well as with lining hyperplasia [140].

Moreover, synovial tissue analysis of biopsies in AS patients following

anti-TNF therapy showed that changes in CD163+ synovial tissuemac-

rophages, polymorphonuclear cells and MMP-3 levels were associated

with therapeutic response and significantly distinguished responders

and nonresponders [141]. These pilot data support the idea that analysis

of synovial tissue in SpA may be of additional value in monitoring

disease activity and therapeutic response, particularly in early-phase

clinical trials.

12. Conclusion

Axial spondyloarthritis is a chronic disease with typical onset at a

young age, and, if undiagnosed and untreated, it may result in perma-

nent damage and lifelong disability. Early diagnosis has been improved

particularly due to the addition of MRI to the diagnostic armamentaria;

however, it is costly, not widely available and requires experienced

readers to interpret the findings.

Basic research has shed some light on the complex pathogenesis of

axSpA and has resulted in thediscovery of newbiomarkers from inflam-

mation, angiogenesis and tissue turnover. Some genetic biomarkers and

particularly anti-CD74 antibodies, may become promising tools for the

early diagnosis of axSpA. Interestingly, keymolecules in the pathogene-

sis of the disease, such as TNFα, IL-17 and IL-23, have shown only limit-

ed associationswith disease characteristics. Further biomarkers, such as

MMP-3, S100A8/9, VEGF, CTX-II or DKK-1, are not sufficient to reflect

disease activity, but may predict structural spinal progression. In addi-

tion, recent data showed that monitoring of S100A9/9 might represent

a valuable biomarker of therapeutic response. However, all of these

results need to be confirmed in large cohort studies and are not yet

available in daily clinical practice.

In conclusion, HLA-B27 is the best genetic biomarker for making a

diagnosis, while CRP remains the best circulatingmeasure for assessing

disease activity, predicting structural progression and response to

therapy.

Take-home messages

• In addition to clinical measures and imaging techniques such as MRI,

new biomarkers have a potential in diagnosis and disease monitoring

in the early phases of axSpA.

• New genetic markers and anti-CD74 antibodies are a promising tool

for the early diagnosis of axSpA.

• Somebiomarkers of inflammation, tissue remodelling or angiogenesis

are not sufficient to reflect disease activity, but may predict spinal

structural progression.

• Calprotectin represents a valuable biomarker of therapeutic response.

• At present, HLA-B27 remains the best genetic diagnostic marker and

CRP the best tool for assessing disease activity, predicting structural

progression and treatment response.
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