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Summary: 

This study aimed to examine serum tenascin C (TNC) in different subsets of axial spondyloarthritis 

(axSpA) patients.  

Sixty-one patients fulfilling the Assessment of SpondyloArthritis international Society classification 

criteria for axSpA and 20 healthy subjects (HS) were included in study. Based on imaging, patients were 

classified as non-radiographic (n = 16) and radiographic (n = 45) axSpA. TNC serum levels were 

determined by ELISA. Disease-related factors including the Bath Ankylosing Spondylitis Disease Activity 

Index (BASDAI) and C-reactive protein (CRP) levels, were determined.  

TNC levels were elevated in axSpA patients [535.3 (457.7–677.2) ng/mL] compared to HS [432.1 

(329.1–565.9) ng/mL, p = 0.007]. Dividing axSpA into radiographic and non-radiographic subsets, the 

difference in TNC was observed between the radiographic subset and HS [535.3 (434.5–677.2) vs. 

432.1 (329.1–565.9) ng/mL, p = 0.022]. TNC levels did not correlate with disease activity measures 

(serum CRP or BASDAI). Nevertheless, the weak correlation of TNC levels with different disease stages 

(r = 0.25, p = 0.025) was found, with the highest levels in patients with syndesmophytes. TNC levels 

are elevated across various subsets of axSpA, and although not related to systemic disease activity, 

TNC levels might reflect chronic structural spinal changes in axSpA patients. However, it´s specific role 

in bone metabolism should be elucidated in further studies. 
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syndesmophytes 

  



Introduction 

Spondyloarthritis (SpA) is a common chronic inflammatory rheumatic disease affecting axial skeleton 

as well as peripheral joints. According to prevailing features, the whole group can be divided into 

predominantly axial and predominantly peripheral diseases. The prototype of the axial 

spondyloarthritis (axSpA) is the radiographic form of the disease known as ankylosing spondylitis, with 

a prevalence of 0.32–1.4% in the general population (Sieper and Poddubnyy 2017). The long-term 

course of the disease is associated with both bone erosion and new bone formation, which can 

gradually lead to ankylosis of the affected joints. Recent progress in the field of radiology allows 

detection of early inflammatory changes characterised as bone marrow oedema on sacroiliac joints 

(SIJ) and spine vertebras using magnetic resonance imaging (MRI). Thus, patients who do not fulfil the 

modified New York criteria for radiographic axSpA (van der Linden, Valkenburg, and Cats 1984) while 

missing the radiological criteria, however, develop typical bone marrow oedema on MRI and can be 

classified according to the new Assessment of SpondyloArthritis international Society (ASAS) 

classification criteria (Rudwaleit, Braun, Sieper and Assessment of SpondyloArthritis international 

2009) as non-radiographic axSpA. Despite the new possibilities for detection of early disease, the delay 

from the occurrence of the first symptoms to the diagnosis is still striking (Dincer et al. 2008; Forejtova 

et al. 2008; Sorensen and Hetland 2015). 

 

Recent studies have focused on the role of soluble biomarkers that could serve as a disease activity 

measure or surrogate diagnostic/prognostic biomarkers (Maksymowych 2017; Prajzlerova et al. 2016). 

The only widely used biomarkers for mentioned purposes are HLA-B27 antigen (contributing to the 

disease diagnosis) and C-reactive protein (CRP) (reflecting inflammatory processes). However, these 

lacks sufficient sensitivity and specificity for axSpA detection (Deodhar 1989; Poddubnyy et al. 2010; 

Spoorenberg et al. 1999). Other potential biomarkers have been recently studied, but none have 

demonstrated associations sufficient to justify clinical use (Maksymowych 2017). 

 

Tenascin-C (TNC) is a large pro-inflammatory extracellular matrix glycoprotein that consists of N-

terminal TNC assembly domain, 14.5 epidermal grow factor-like repeats, fibronectin type III repeat 

domains, and the C- terminal fibrinogen-like globular domain (Midwood et al. 2016).  TNC is expressed 

by myeloid cells in response to pathogen-associated molecular patterns (PAMPs), mechanical strain, 

reactive oxygen species, cytokines, and growth factors. Thus, it is believed to reflect tissue injury during 

the inflammatory process and also active tissue remodelling (Midwood and Orend 2009). TNC 

expression is typically transient, and its levels are repressed as soon as the inflammation and tissue 

repair are completed. Contrary to physiologic functions, persistently elevated expression of TNC was 

observed in several immune-mediated rheumatic diseases, such as rheumatoid arthritis (RA), systemic 



lupus erythematosus (SLE), and psoriatic arthritis (PsA) (Midwood and Orend 2009; Page et al. 2012; 

Udalova et al 2011).   

 

Also, elevated serum TNC levels were described in patients with radiographic axSpA compared to 

healthy subjects, and TNC levels correlated with laboratory and clinical measures of disease activity 

(Gupta et al. 2018; Page et al. 2012). The aim of our study was to study the levels of TNC in radiographic 

as well as non-radiographic axSpA patients, and to elucidate its potential association with disease 

severity. 

 

Methods 

Patients 

Sixty-one patients who fulfilled the Assessment of SpondyloArthritis international Society (ASAS) 

classification criteria for axSpA were included in this study (Rudwaleit et al. 2009). Based on imaging 

findings, patients were further classified as non-radiographic axSpA (nr-axSpA) (n = 16) and as 

radiographic axSpA (n = 45). Patients with radiographic axSpA were further divided into two subgroups 

on the patients with pure SIJ changes (subgroup I, n = 22) and on the patients with SIJ changes together 

with spinal syndesmophytes (subgroup II, n = 23) based on radiographic findings.  

 

The following data were collected: clinical and laboratory disease activity measures; demographic 

status; disease-related factors [such as the Bath Ankylosing Spondylitis Disease Activity Index 

(BASDAI)(Jones, Calin, & Steiner, 1996) and CRP levels]; current medications [non-steroidal anti-

inflammatory drugs (NSAIDs), conventional synthetic disease-modifying anti-rheumatic drugs 

(csDMARDs), and 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. Twenty age- and sex-matched healthy subjects were enrolled in the study. Healthy subjects 

were not treated for any autoimmune or rheumatic disease.  The local ethics committee of the Institute 

of Rheumatology in Prague approved this study. Written informed consent was obtained from all 

individuals before initiation of the study. 

 

Imaging 

Radiographs of the SIJ, lumbar, thoracic, and cervical spine were obtained from all patients before 

blood withdrawal. A trained rheumatologist and a central radiologist scored the radiographs for the 

initial disease classification; both were blinded to all clinical data. Cervical and lumbar spine 

radiographs were scored according to the modified Stoke Ankylosing Spondylitis Spine Score (mSASSS) 



by a trained rheumatologist. MRI images were obtained before recruitment and were read by a trained 

rheumatologist who was blinded to all clinical data. 

 

Patients were classified as radiographic axSpA according to the New York classification criteria and as 

nr-axSpA fulfilling imaging arm of the ASAS classification criteria for axSpA, if the radiographic findings 

of the SIJ did not achieve required radiographic stage and the MRI was positive (i.e., characteristic bone 

marrow oedema highly suggestive for presence of sacroiliitis) with at least one feature of SpA 

(Rudwaleit et al. 2009).  

 

 

Laboratory analysis 

Fasting blood samples were collected from all individuals and immediately centrifuged. The serum 

samples were stored at -80°C until analysis. Serum TNC levels were determined using the human TNC 

Large (FN III-B) Assay ELISA kit from IBL (Fujioka, Japan). Samples were diluted 400-fold. The intra and 

inter-assay coefficients of variation for this ELISA are 6.4% (5.43 ng/mL) and 3.5% (5.55 ng/mL) 

respectively. The sensitivity for this kit was 44 pg/ml. The absorbance was measured by ELISA reader 

(SUNRISE; Tecan, Salzburg, Austria) using 450 nm as the primary wavelength. Serum CRP levels were 

determined by an immuno-turbidimetric technique using an Olympus AU 400 biochemical analyser 

(Olympus Optical, Tokyo, Japan). 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 

The data are presented as the median [interquartile range (IQR)] if not stated otherwise. Statistical 

analyses were performed using GraphPad Prism 5.1 (GraphPad Software, San Diego, CA, USA). The 

Kolmogorov-Smirnov test of normality was used for all the variables. Spearman’s correlation 

coefficients were calculated to determine the association between TNC levels and the other variables. 

For comparison between the groups, the Mann-Whitney U test and Kruskal-Wallis test were used. 

Fisher’s exact test was performed for the comparison of categorical variables. P-values less than 0.05 

were considered statistically significant.  

 



Results 

Demographic and clinical characteristics of patients with axSpA 

All demographic and clinical characteristics of axSpA patients and healthy subjects are summarized in 

Table 1. The majority of axSpA patients were men (72%), the mean age was 38.0 (± 13 SD) years, and 

duration from disease diagnosis was 4.0 (0.6–8.0) years. The majority of patients were HLA-B27 

positive (93.4%).  More than half of the patients were treated with NSAIDs regularly, and a small part 

of the patients was treated with csDMARDs for concurrent peripheral arthritis, and quarter of the 

patients was treated with bDMARDs. The median serum CRP level was 9.7 (3.7–16.2) mg/L and BASDAI 

was 5.2 (2.6–7.4). Less than half of the patients had extraarticular manifestations before recruitment. 

Twenty healthy subjects (75% males) with a mean age 37.3 (±10.8 SD) years were included.  

 

Demographic and clinical differences between axSpA subsets  

As recently demonstrated by our larger study (Bubova et al., 2019), significant differences between 

non-radiographic and radiographic subsets of the disease were found in sex distribution, male gender 

was more frequent in patients with radiographic compared to those with a non-radiographic subset 

(84.4% vs 37.5% respectively, p < 0.001). Furthermore, we found significant difference in sex 

distribution between non-radigraphic subset and HC (p = 0.04). Secondly, as anticipated, patients with 

radiographic axSpA had longer disease duration compared to nr-axSpA patients [5.0 (2.0–8.0) vs. 0.2 

(0.0–3.0) years respectively, p < 0.001]. Nr-axSpA patients developed peripheral arthritis more 

frequently compared to radiographic axSpA patients (75.0% vs. 40.0% respectively, p = 0.021). BASDAI 

was comparable between both groups [4.8 (1.4–6.6) for nr-axSpA and 5.5 (3.4–7.6) for radiographic 

axSpA, p = 0.10]. However, serum CRP levels were significantly higher in radiographic compared to 

non-radiographic subset [11.1 (5.4–20.0) vs. 4.0 (1.2–10.8) mg/L respectively, p = 0.006]. The rest of 

the demographic and clinical features remained comparable between both groups (Table 1). 

   

Serum TNC levels are elevated in patients with axSpA and presence of syndesmophytes 

TNC levels were higher in axSpA patients compared to healthy subjects [535.3 (457.7–677.2) vs. 

432.1 (329.1–565.9) ng/mL), p = 0.007 (Fig. 1)]. Dividing axSpA patients into non-radiographic and 

radiographic subsets and comparing them to healthy subjects by the Kruskal-Wallis test was 

significant [511.1 (416.7–700.9), 535.3 (4 34.5–677.2) vs. 432.1 (329.1–565.9) ng/mL respectively, p = 

0.02], however, when Dunn’s Multiple Comparison test was applied, TNC levels were significantly 

higher only in radiographic axSpA compared to healthy subjects (p = 0.02). Although we found a 

weak correlation between serum TNC levels and disease radiographic stages (r = 0.25, p = 0.02; Fig. 

2), we could not confirm the significant correlation between TNC levels and mSASSS (r = 0.12, p = 

0.42). 



 

 

Serum TNC levels, disease activity, and extraarticular manifestations 

TNC serum levels did not correlate with CRP serum levels in patients with axSpA (r = 0.24, p = 0.07), 

neither in both subsets separately. Although CRP serum levels were significantly higher in r-axSpA, 

the TNC serum levels were comparable in both axSpA subsets. In agreement, TNC serum levels did 

not correlate with BASDAI values in all axSpA patients nor in either of the subsets (p = 0.88 for axSpA, 

p = 0.48 for nr-axSpA, p = 0.37 for radiographic axSpA). 

 

We did not find any significant differences in TNC serum levels between axSpA patients with peripheral 

arthritis and those with purely axial disease. Similar results were observed for extraarticular 

manifestations and the presence of HLA-B27 antigen.  TNC serum levels did not differ between patients 

on NSAIDs and those on csDMARDs/bDMARDs [512.0 (413.3–638.9] vs. 590 (479.0–762.5), 

respectively, p = 0.07].   

 

Discussion 

We found that serum TNC levels are significantly higher in patients with axSpA, particularly in those 

with radiographic signs of advanced disease, compared to healthy subjects. To our knowledge, this is 

the first study to examine serum levels of TNC among different axSpA subsets. The levels of serum TNC 

were comparable among axSpA patients, despite the difference in disease activity measured by CRP 

levels which were lower in non-radiographic compared toradiographic subsets of the disease. 

 

In line with our findings, TNC levels have been recently demonstrated to be higher in patients with 

radiographic axSpA(Gupta et al. 2018), but also with other immune-mediated rheumatic diseases, such 

as rheumatoid arthritis, psoriatic arthritis, juvenile idiopathic arthritis, inflammatory myopathies, or 

systemic lupus erythematosus (Hasegawa et al. 2007; Page et al. 2012; Shukla et al. 2015; Závada et 

al. 2015), compared to healthy subjects. TNC levels were also found to be elevated in some non-

rheumatologic diseases, such as myocardial infarction, chronic hepatitis C, melanoma, ovarian cancer, 

ulcerative colitis, and  a variety of other diseases (Amonkar et al. 2009; Sato et al. 2006; Shao et al.  

2015; Tanaka et al. 2006).  Taking these data into account, we propose that systemic TNC elevation is 

unspecific and presumably related to tissue damage and the activation of immune as well as resident 

tissue cells. TNC levels did not correlate with disease activity assessed by BASDAI in our study, which 

is in agreement with Gupta et al.(Gupta et al. 2018) and which could be explained by the higher level 

of patient subjective perception reflected in this index. The authors, however, observed significant 

correlation between TNC levels and systemic measures of disease activity, such as ESR and CRP, but 



also a more specific disease activity index [Ankylosing Spondylitis Disease Activity Score (ASDAS)]. 

Unfortunately, ASDAS was not performed in our study, but we could find a trend towards correlation 

between TNC and CRP serum levels, which might support a potential relation between TNC and 

immune-mediated disease activity. We observed that neither the presence of peripheral arthritis nor 

anterior uveitis altered the levels of serum TNC in our study. Although serum TNC levels did not 

correlate with disease activity (DAS28) in patients with RA, TNC levels were higher and correlated with 

systemic measures of disease activity in children with enthesitis-related arthritis, a subtype of juvenile 

idiopathic arthritis (Shukla, et al., 2015). Furthermore, we have recently demonstrated that TNC is 

associated with disease activity and might predict flare of the disease in patients with SLE (Závada et 

al. 2015).   

 

In previous studies, TNC showed correlations with joint damage in some rheumatic conditions (e.g., 

although it did not correlate with disease activity, TNC serum levels correlated positively with 

ultrasound determined erosion scores in patients with RA), (Page et al. 2012). TNC synovial fluid levels 

significantly correlated with radiographic grading in patients with knee OA (Hasegawa et al. 2004). In 

line with these data, in our study, serum TNC levels were increased in axSpA patients, particularly in 

those with advanced disease.  There is evidence that, on the molecular level, TNC can promote the 

increased synthesis of pro-inflammatory mediators associated with axSpA pathogenesis, TNF and IL-

17 (Midwood et al. 2009; Ruhmann et al. 2012). Also, intraarticular instillation of TNC in an arthritis 

animal model induced synovial inflammation, contrary to TNC deficient mice that show rapid 

resolution of joint inflammation and reduced disease severity (Midwood et al, 2009).  

 

TNC levels did not significantly differ between radiographic and non-radiographic subsets of the 

disease, which could be explained by the activation of the immune system already at early phases of 

the disease. However, the major limitation of our study is the relatively small number of patients, 

particularly those with non-radiographic subset, and the fact we had only baseline data with no further 

follow up. To prove whether TNC could be an indicator of bone changes in axSpA, larger studies with 

longitudinal design are necessary.   

  

To conclude, serum TNC levels are higher in patients across various subsets of axSpA, and although not 

associated with disease activity, it can reflect radiographic signs of advanced disease. Therefore, TNC 

is a candidate biomarker for further research elucidating it’s potential role in bone remodeling in 

axSpA. 
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Table 1     Baseline characteristics: demographic and clinical features  

Characteristics     
AxSpA     

    (n=61) 
Nr-axSpA  

(n=16) 
AS              

 (n=45) 
HC 

 (n=20) 
P value* 

Sex: male, n  (%)   44 (72.1) 6 (37.5) 38 (84.4) 15 (75) < 0.001 

Age (years), mean (±SD)   37.8 (13.3) 37.1 (11.0) 37.5 (14.2) 37.3 (10.8) 0.71 

BMI (kg/m2), mean (±SD)   26.0 (4.0) 24.2 (3.9) 26.6 (3.9) - 0.12 

HLA-B27, n  (%)   57 (93.4) 15 (93.8) 42 (93.3) - 1.00 

Disease duration (years), median (IQR)  4.0 (0.6-8.0) 0.2 (0.0-3.0) 5.0 (2.0-8.0) - < 0.001 

BASDAI, median (IQR)   5.2 (2.6-7.4) 4.8 (1.4-6.6) 5.5 (3.4-7.6) - 0.10 

CRP (mg/L), median (IQR)   9.7 (3.7-16.2) 4.0 (1.2-10.8) 11.1 (5.4-20.0) - 0.006 

Peripheral arthritis, n (%)   30 (49.2) 12 (75.0) 18 (40.0) - 0.02 

Hip involvement, n (%)   16 (26.2) 3 (18.8) 13 (28.9) - 0.52 

Enthesitis/ Tendinitis, n (%)   19 (31.1) 9 (56.3) 10 (22.2) - 0.03 

Extraarticular manifestations: IBD, n (%)  1 (1.6) 1 (6.3) 0 (0.0) - 0.25 

                                                        Daktilitis, n (%) 2 (3.3) 2 (12.5) 0 (0.0) - 0.07 

                                                        Psoriasis, n (%) 4 (6.6) 0 (0.0) 4 (8.9) - 0.56 

                                                        Uveitis, n (%) 21 (34.4) 6 (37.5) 15 (33.3) - 0.77 

First symptoms: Back pain, n (%)  36 (59.0) 8 (50.0) 28 (62.2) - 

0.19 
                              Uveitis, n (%)   5 (8.2) 0 (0.0) 5 (11.1) - 

                              Peripheral Arthritis, n (%)  8 (13.1) 4 (25.0) 4 (8.9) - 

                              Other, n (%)   12 (19.7) 4 (25.0) 8 (17.8) - 

Treatment: NSAIDs, n (%)   37 (60.7) 10 (62.5) 27 (60.0) - 1.0 

                        csDMARDs, n (%)  10 (16.4) 5 (31.3) 5 (11.1) - 0.11 

                        bDMARDs, n (%)   15 (24.6) 1 (6.3) 14 (31.1) - 0.09 

TNC (ng/mL), median (IQR)     535.3 (457.7-677.2) 511.1 (416.7-700.9) 535.3 (434.5-677.2)  432.1 (329.1-565.9) 0.71 

AS, ankylosing spondylitis; axSpA, axial spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BMI, body mass index; bDMARDs, 
biological disease-modifying anti-rheumatic drugs; CRP, C-reactive protein; csDMARDs, conventional synthetic disease-modifying anti-rheumatic drugs; 
NSAIDs, non-steroidal anti-inflammatory drugs; IBD, inflammatory bowel disease; IQR, interquartile range; nr-axSpA, non-radiographic axial 
spondyloarthritis; n, number; *, nr-axSpA vs. AS p-value Mann-Whitney test 



Fig. 1 Tenascin C levels in axial spondyloarthritis (axSpA) as compared with healthy controls (HC) 
(median), p = 0.007. 
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Fig. 2 Correlation among serum tenascin C levels and disease radiographic stages (0: healthy controls, 

1: nr-axSpA, 2: radiographic axSpA without syndesmophytes, 3: radiographic axSpA with 
syndesmophytes). Spearman r = 0.25, p = 0.02. 
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