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Abstract 
Objective

This prospective study aimed to use serological biomarkers for evaluation of, connective tissue turnover, in a population 
of 149 Japanese patients with rheumatoid arthritis (RA).  It was aimed to investigate how the connective tissue was 
affected by treatment at follow-up after 1 year (± 6 weeks) with either methotrexate (n=23) alone, or in combination 

with: adalimumab (n=49), tofacitinib (n=27) or tocilizumab (n=50).

Methods
Clinical characteristics were collected and connective tissue turnover, was evaluated by 4 serological biomarkers:  

C1M and C3M reflect degradation of types I and III collagen in interstitial tissue; C4M, reflecting degraded type IV
 collagen of the basement membranes; and CRPM, a marker of degraded C-reactive protein. Evaluated biomarker 

levels were measured at baseline and at follow-up. Levels were compared to the reference levels of healthy individuals.

Results
The four evaluated biomarkers were all elevated at baseline in patients with RA compared to healthy individuals. 

The biomarkers were higher in RA patients compared to healthy individuals at baseline and they were all significantly 
correlated with disease activity score of 28 joint (DAS28) (p<0.0001). The biomarker levels were all significantly 

decreased in all four patient groups at follow-up in all of the four treatment groups.

Conclusion
Rheumatoid joint inflammation elicits enhanced turnover of major collagen constituents of the synovial membrane 

and this abnormal pathway may be implicated in erosive progression. Evaluations of the applied biomarkers: C1M, 
C3M, C4M and CRPM, indicate that the pathologically enhanced tissue turnover was attenuated, by all of the four 

studied treatments.

Key words 
rheumatoid arthritis, biomarkers, extra cellular matrix, DMARDs, collagens



463Clinical and Experimental Rheumatology 2018

Connective tissue remodelling in RA / N.S. Gudmann et al.

Natasja S Gudmann, MSc, PhD*
Shintaro Hirata, MD, PhD*
Morten A Karsdal, MSc, PhD Prof.
Satoshi Kubo, MD, PhD
Anne-Christine Bay-Jensen, MSc, PhD
Yoshiya Tanaka, PhD, Prof.
*These authors contributed equally 
to this study.
Please address correspondence 
and reprint requests to: 
Dr Natasja S. Gudmann, 
Nordic Bioscience Biomarkers 
and Research, 
Herlev Hovedgade 207, 
2730 Herlev, Denmark. 
E-mail: nsg@nordicbio.com
Received on May 20, 2017; accepted in 
revised form on October 6, 2017.
© Copyright Clinical and 
Experimental Rheumatology 2018.

Availability of supporting data: data 
leading to the presented findings is 
available upon request at 
nsg@nordicbio.com
Funding: the research leading to these 
results has received partial funding from 
the European Union Seventh Framework 
Program (FP7/2007–2013) under grant 
agreement no. 305815 and partial funding 
from the Danish Research Foundation 
(DFF under act 2013).
The current study was also supported by 
research grants from the region of 
Southern Denmark and Department 
of Rheumatology C, Odense University 
Hospital, Denmark.
Competing interests: N.S. Gudmann, 
M.A. Karsdal, and A.-C. Bay-Jensen are 
full time employees at, and M.A. Karsdal 
holds stocks in, Nordic Bioscience. 
Nordic Bioscience is a privately-owned, 
small-medium sized enterprise (SME) 
partly focused the development of 
biomarkers for rheumatic and fibrotic 
diseases. Y. Tanaka has received 
consulting fees, speaking fees, and/or 
honoraria from Abbvie, Daiichi-Sankyo, 
Chugai, Takeda, Mitsubishi-Tanabe, 
Bristol-Myers, Astellas, Eisai, Janssen, 
Pfizer, Asahi-Kasei, Eli Lilly, GlaxoSmith-
Kline, UCB, Teijin, MSD, Santen and has 
received research grants from Mitsubishi-
Tanabe, Takeda, Chugai, Astellas, Eisai, 
Taisho-Toyama, Kyowa-Kirin, Abbvie, 
Bristol-Myers. 
None of the authors received fees, bonuses 
or other benefits for the work described in 
the manuscript. 

Background
Rheumatoid arthritis (RA) is an auto-
immune and inflammation-driven dis-
ease, which mainly affects peripheral 
synovial joints. Synovitis, progressive 
bone erosions and cartilage destruc-
tion are some of the characteristics of 
RA. In addition, patients with RA tend 
to have extra-articular manifestations 
such as endothelial dysfunction even at 
an early stage of disease. 
With the growing armamentarium of 
RA therapies, that includes agents with 
quite different modes of action, it is 
possible to obtain clinical remission at 
least for some patients (1-3). Current 
treatments include those used in this 
study, namely methotrexate (MTX) 
alone or in combination with adali-
mumab (ADA), tofacitinib (TOFA) and 
tocilizumab (TCZ). MTX is a first-line 
treatment and one of the most effective 
treatments (4) which is often prescribed 
as soon as patients are diagnosed (5). 
ADA is an anti-tumour necrosis factor 
(TNF)-α agent, which was among the 
first biological disease-modifying anti-
rheumatic drugs (DMARDs) approved 
for RA (6) and is still widely used even 
in the early phases of RA (7). TOFA is a 
small-molecule drug that targets the in-
tracellular signalling molecules, Janus 
activating kinase (JAK). The inhibition 
of interleukin (IL)-6 signals by TCZ re-
duces systemic inflammation, RA syno-
vitis, and bone and cartilage damage, 
and may have beneficial cardiovascular 
effects (8). Both TCZ and TOFA have 
recently been approved for moderately 
to severely active RA in patients who 
are intolerant of or respond inadequate-
ly to a synthetic DMARD alone (9-11). 
Much research has been conducted in 
order to determine how these agents 
lower disease activity and pain as well 
as delaying or even preventing further 
bone and cartilage damage. However, 
less research has focused on how the 
connective tissue is affected by RA 
pathogenesis and/or the treatment of 
choice. 
In inflammatory conditions, including 
RA, epithelial cells in tissue are dam-
aged, thus exposing the basement mem-
brane to degradation and enabling the 
influx of inflammatory cells to the deep-
er interstitial tissue, which is changing 

remodelling rate as a consequence. One 
of the main constituents of the basement 
membrane is type IV collagen (12). 
Degradation of type IV collagen by ma-
trix metalloproteinases (MMPs) can be 
quantified by the biomarker C4M (13). 
The main constituents of the interstitial 
tissue are type I and III collagen. Deg-
radation of type I and III collagens can 
be quantified by serum levels of the 
MMP-degraded collagen C1M (14-16) 
and C3M (16-19), respectively. Follow-
ing surface cell damage, the underlying 
tissues are destroyed by proteases, giv-
ing rise to the release of neo-epitopes as 
shown in Figure 1. The released neo-
epitopes includes the measurable C1M, 
C3M and C4M, which can be quantified 
in the serum. 
The aim of this prospective study was 
to investigate if remodelling of base-
ment and interstitial collagens, in pa-
tients with RA, is attenuated after treat-
ment with MTX alone, or TCZ+MTX, 
ADA+MTX or TOFA+MTX, each of 
which have different modes of actions. 
The biomarkers, C1M, C3M and C4M 
were selected to assess degradation 
of the interstitial tissue and basement 
membrane in addition to the inflamma-
tory marker CRPM. Levels of C1M and 
C3M in RA patients have been shown to 
be elevated and modulated in response 
to therapy as well as being prognostic 
for disease progression (15, 20). The 
biomarker C4M reflects type IV colla-
gen degradation (13) originating from 
the basement membrane. Increased 
levels of C4M have previously been 
detected in ankylosing spondylitis (18). 
CRPM is a biomarker reflecting MMP-
dependent degradation of C-reactive 
protein (CRP). While CRP levels reflect 
an acute inflammatory response, CRPM 
measures a fragment of the degraded 
protein. CRP is known to be synthesised 
in the liver in response to inflamma-
tion (21), and parts of it are then depos-
ited in the inflamed tissue of the joints 
where to some extent it is degraded by 
the MMPS of the proteolytic inflamma-
tory response (22, 23). The selected bio-
markers were evaluated at baseline and 
one year after initiation of the selected 
treatment. In addition we aimed to in-
vestigate whether certain matrix turno-
ver was descriptive of disease activity.  
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Methods 
Patients
A total of 149 Japanese patients with 
RA were recruited at the University 
Hospital of Occupational and Environ-
mental Health (UOEH), Japan as previ-
ously described by Hirata et al. (24). Of 
these, 23 received MTX alone. 49 pa-
tients initiated ADA+MTX, another 27 
initiated TOFA+MTX, and 50 initiated 
TCZ+MTX. Blood samples included in 
this study were taken at baseline prior to 
the first dosage of the initiated treatment 
and at follow-up 48–60 weeks later.  Pa-
tients treated with MTX, ADA+MTX 
and TCZ+MTX received the drugs 
as part of routine clinical practice. 
ADA+MTX was initiated between Au-
gust 2008 and March 2010; TCZ+MTX 
was initiated between March 2008 and 
October 2010, and MTX was initiated 
immediately after patients were diag-
nosed with RA between July 2011 and 
January 2013. Patients treated with 
TOFA+MTX were enrolled in domes-
tic and global clinical phase II/III trials 
(trial number A3921039, A3921040 
and A3921044 and an open-label ex-
tension trial A3921041) before the drug 
was approved by the Japanese national 

insurance system. TOFA+MTX was 
initiated between March 2008 and Feb-
ruary 2010 and confirmed by key-open 
of blindness. These clinical trials were 
approved by the ethics committee of 
the UOEH (approval numbers: 10163, 
10193, 10194 and 10164, respectively). 
Clinical parameters including tender 
joint count 28 (TJC28), swollen joint 
count 28 (SJC28), patient’s global 
health (PGH), patient’s global assess-
ment (PGA), health assessment ques-
tionnaire (HAQ), evaluator’s global as-
sessment (EGA), CRP levels were used 
to calculate the disease activity score 
in 28 joints (DAS28) clinical disease 
activity index (CDAI), and simplified 
disease activity index (SDAI). Blood 
samples were taken in fasting patients 
at baseline and at follow-up 48–60 
weeks later. In order to separate serum 
from whole blood, all samples were left 
standing for 30 minutes and then serum 
was separated by a centrifugal separa-
tion at 3000rpm for 10min. The collect-
ed serum was stored at -80˚C and kept 
frozen on dry ice during transport. All 
patients in the MTX, TOFA+MTX and 
41 of the 49 patients in the ADA+MTX 
group had never received a biological 

DMARD prior to participating in this 
study. Most patients in the TCZ+MTX 
group had previously received other 
kinds of biological DMARD. The study 
was performed in accordance with the 
Helsinki Declaration and with approval 
from the ethics committee of the UOEH 
(approval number: 10-114). All patients 
provided written informed consent.

Biomarker assessment
Serum samples were drawn and de-
mographic information collected at 
baseline. Four protein biomarkers 
were measured both at baseline and 
at follow-up (1 year ± 6 weeks later). 
Samples were blinded and measured in 
duplicates using competitive enzyme-
linked immunosorbent assays (ELI-
SAs) developed by Nordic Bioscience 
(Herlev, Denmark).
The procedure for the assessment of 
C1M, C3M, C4M and CRPM have 
been described in detail elsewhere by 
Leeming et al. (14), Barascuk et al. 
(17), Sand et al. (25), and Skjot-Arkil 
et al. (23) respectively. In short 96-well 
streptavidin plates (Roche Diagnostics, 
Mannheim, Germany) coated with bio-
tinylated synthetic peptide dissolved 
in assay buffer (50 mM Tris, 1% BSA, 
0.1% Tween-20, pH 7.4) and incubated 
for 30 min at 20°C. For each assay 20 
μL of peptide calibrator or sample was 
added to appropriate wells, followed by 
100 μL of conjugated monoclonal an-
tibody and incubated for 1–20 hour at 
4°C or 20°C (depending on the specific 
assay). Finally, 100 μL/well of tetra-
methylbenzinidine (TMB) was added 
and the plates were incubated for 15 
min at 20°C in the dark. All incubation 
steps included shaking at 300 rpm. Af-
ter each incubation step the plate was 
washed five times in washing buffer 
(20 mM Tris, 50 mM NaCl, pH 7.2). 
The TMB reaction was stopped by add-
ing 100 μL of stopping solution (0.1M 
sulfuric acid) and measured at 450 nm 
with 650 nm as the reference. Calibra-
tion curves were plotted using a 4-para-
metric mathematical fit model. Intra- 
and inter-assay variations (CV) were 
below 12% and 14% respectively for 
all of the assays. The technical speci-
fications, of each assay, are listed in 
Table I.

Fig. 1. Schematic representation of neo-epitopes released from the basement membrane and the in-
terstitial tissue as a result of cell damage. A) Shows how healthy tissue is organised with the surface 
cells lying on top of the basement membrane and the interstitial tissue. B) Surface damage as a con-
sequence of cell stress or death affects fibroblasts which transform to myofibroblasts and proliferate. 
C) Cell damage stimulates recruitment of inflammatory cells such as macrophages. The epithelial 
damage exposes the basement membrane to degradation and fragments of the basement membrane 
are released. D) As inflammation continues the interstitial matrix is exposed, activation of fibroblasts 
causes increased tissue remodelling which causes the release of interstitial collagen fragments and may 
lead to fibrogenesis.
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Statistics
Mean values of summary statistics of gen-
eral demographics and baseline RA char-
acteristics are shown in Table II. Correla-
tions were assessed by Spearman’s rank 
tests and Bonferroni corrections were 
applied to adjust for multiplicity. None 
of the evaluated biomarkers met the cri-
teria of normal distribution. Accordingly, 
baseline values were log-transformed to 
meet the criteria of normal distribution 
for intergroup comparisons. By log-
transformation the biochemical marker 
data moderately followed a Gaussian dis-
tribution. Comparisons between the dif-
ferent treatment groups at baseline were 
performed by one-way ANOVA analysis 
followed by Tukeys multiple compari-
sons on log-transformed data. Multiple 
regression analysis was performed on 
logarithmic transformed data as well. 
The Wilcoxon matched pairs signed rank 
test was applied to compare baseline 
biomarker concentrations with those at 
follow-up. All statistical analyses were 
performed using MedCalc Statistical 
Software v. 14.8.1 and error bars on all 
graphs are shown as standard error of the 
mean (SEM).

Results   
Patient demographics
In the MTX group the mean age of pa-
tients at baseline was 55 years and the 
mean disease activity score (DAS28) 
was 3.6. In the ADA+MTX group, the 
mean age was 61 years and the DAS28 
was 4 on average. TOFA+MTX-treated 
patients were on average 53.3 years old 
at baseline and had an average DAS28-
CRP score of 5.6. The TCZ+MTX 
group was on average 56.3 years old 
with a mean DAS28 of 4.8 (Table II).  
None of the patients of the MTX 
and TOFA+MTX groups had previ-
ously received a synthetic or biologi-
cal DMARD. In the ADA+MTX and 
TCZ+MTX groups 41% and 20%, re-
spectively, were synthetic-DMARD 
naive, and 83% and 40% were biologi-
cal DMARD-naive, respectively.  Pa-
tients treated with MTX alone had less 
structurally severe disease at baseline, 
as measured by erosion score (ES), 
joint space narrowing (JSN) and sharp 
score (SHS), whereas the TCZ+MTX 
group had markedly higher severity 

scores than either the TOFA+MTX or 
ADA+MTX group. 

Baseline association between biomarkers 
and disease activity or severity
A one-way ANOVA analysis revealed 
no significant differences between the 

four treatment groups at baseline ex-
cept for C4M levels. Patients in the 
ADA+MTX group had significantly 
lower C4M levels compared patients 
in the TOFA+MTX (p=0.0014) and 
TCZ+MTX (p=0.0091) groups but not 
compared to the MTX group. 

Table II. Mean values and standard deviation (SD) of baseline demographic and clinical 
characteristics disease activity score of 28 joints (DAS28), clinical disease activity index 
(CDAI), simplified disease activity index (SDAI), health assessment questionnaire (HAQ), 
erosion score (ES), joint space narrowing (JSN), total sharp score (SHS) of the four dif-
ferent treatment groups: methotrexate (MTX) alone or in combination with adalimumab 
(ADA+MTX), tofacitinib (TOFA+MTX) or tocilizumab (TCZ+MTX). 

	 MTX ,	 ADA+MTX,	 TOFA+MTX,	 TCZ+MTX,  
	 n=23	 n=49	 n= 27	 n=50

Age, years	 55.4	 (13.17)	 61.3	 (11.1)	 53.3	 (12.6)	 56.3	 (18.5)
Male, %	 21.7		  12.2		  14.8		  12.0 
Disease duration, months	 6.4	 (2.4)	 95.5	 (112)	 75.8	 (81.4)	 153	 (136)
Synthetic DMARD-naïve, %	 100		  0		  0		  0
Biological DMARD-naïve, %	 100		  83		  100		  40
DAS28	 3.60	 (0.9)	 4.66	 (1.2)	 5.59	 (1.2)	 4.84	 (1.2)
CDAI	 14.3	 (6.7)	 24.0	 (14.7)	 34.9	 (13.2)	 25.7	 (12.9)
SDAI	 15.2	 (7.8)	 26.6	 (15.1)	 37.2	 (14.3)	 27.8	 (13.8)
HAQ	 0.59	 (0.5)	 1.11	 (0.7)	 1.46	 (0.7)	 1.46	 (0.9)
ES	 2.1	 (3.1) 	 35.5	  (53.9)	 26.3	 (31.7)	 59.5	 (72.3)
JSN	 3.3	 (4.6) 	 26.9 	 (36.1)	 26.9	 (26.9)	 49.3	 (42.6)
SHS	 4.9	 (7.3)	 62.4	 (89.5)	 53.2	 (57.9)	 108.8	 (114)
C1M, ng/ml	 50.3	 (32.2)	 71.4	 (44.2)	 67	 (35)	 57.4	 (36.6)
C3M, ng/ml	 16.4	 (10.4)	 13.3	 (6.3)	 18.4	 (11.4)	 16.7	 (10.9)
C4M, ng/ml	 64.2	 (24.7)	 61.29	 (26.7)	 86.4	 (34.1)	 79.9	 (34.4)
CRPM, ng/ml	 10.0	 (4.9)	 11.9	 (7.2)	 14.5	 (14.0)	 15.2	 (9.9)

	Table III. Spearman’s rank correlation coefficient (ρ) between biomarkers and clinical 
data at baseline (n=149). Significance levels were set at p<0.0026* for the disease activity 
correlations and p<0.0034 for the remaining parameters after correction for multiplicity. 
*Circular error as CRP is a DAS28 parameter.   

		  DAS28	 CDAI	 SDAI	 HAQ	 ES	 JSN 	 SHS

C1M	 ρ	 0.40	 0.24	 0.34	 0.23	 0.17	 0.13	 0.15	  
	 P	 <0.0001	 0.0035	 <0.0001	 0.0037	 0.038	 0.12	 0.065

C3M 	 ρ	 0.36	 0.23	 0.30	 0.14	 0.13	 0.16	 0.12	   
	 P	 <0.0001	 0.0042	 0.0004	 0.10	 0.13	 0.06	 0.14	

C4M	 ρ	 0.46	 0.35	 0.40	 0.28	 0.26	 0.30	 0.30	   
	 P	 <0.0001	 <0.0001	 <0.0001	 0.0007	 0.0018	 0.0003	 0.0002	

CRPM	 ρ	 0.43	 0.31	 0.38	 0.20	 0.17	 0.19	 0.16 
	 P	 <0.0001	 0.0001	 <0.0001	 0.017	 0.043	 0.027	 0.059	  

Table I. Technical specifications of the applied assays.

	 Selection peptide	 Standard	 Sample	 Measurement	 Inter	 Intra	 Reference
	 sequence	 concentrations	 pre-	 range,	 assay	 assay	 level for
		  (ng/ml) 	 dilution 	 corrected for	 variation	 variation	 healthy
				    pre-dilution	 (%)	 (%)	 individuals
				    (ng/ml)			   (ng/ml)

C1M	 GSPGKDGVRG	 233.0	 1+1	 20-400	 6.7-13.9	 2.8-8.8	 24 (10.8)
C3M	 KNGETGPQGP	 30.0	 1+3	 4-88	 6.6-13.1	 2.0-4.1	 10.2 (3.2)
C4M	 ILGHVPGMLL	 101.8	 1+3	 8.8-288	 5.0-13.0	 4.0-11.0	 57.4 (6.9)
CRPM	 KAFVFPKESD	 32.7	 1+3	 2.0-72.0	 2.2-13.3	 2.2-6.0	 6.4 (2.6)



466 Clinical and Experimental Rheumatology 2018

Connective tissue remodelling in RA / N.S. Gudmann et al.

The linear association between base-
line biomarkers and disease activity 
and severity scores was evaluated by 
Spearman’s rank correlation coeffi-
cient. All four biomarkers correlated 
significantly with DAS28, CDAI and 
SDAI (Table III). Scatterplots of the 
association between biomarker levels 
and DAS28 at baseline are shown in 
Figure 2. C4M levels were strongly 
correlated with HAQ, and there was an 
association between HAQ and C1M or 
CRPM although it was only borderline 
significant (p=0.0037 and p=0.017 re-
spectively) (Table III). C4M the only 
evaluated biomarker which was sig-
nificantly correlated with ES, JSN and 
SHS. Although, there was an associa-
tion there were borderline significant 
with CRPM (p<0.05 but greater than 
p=0.0034) and ES, JSN and SHS. 
At baseline, all biomarkers were signif-

icantly associated with disease activity 
(DAS28) as well as radiographic pro-
gression interpreted as SHS after ad-
justment for age, sex, disease duration 
and treatment group (Table IV). 

Changes in biomarker levels 
between baseline and follow-up
Baseline levels of all four biomarkers 
were higher than the reference levels 
for healthy individuals (the dashed 
lines in Figure 3). Elevated levels of 
C3M, C4M and CRPM compared 
with healthy individuals were most 
pronounced in the TCZ+MTX and 
TOFA+MTX groups.  Turnover of 
type I collagen, evaluated by the mean 
level of C1M, decreased by between 
21–35% from baseline to follow-up.  
This decrease was significant for pa-
tients in all four treatment groups (p-
values ranging from 0.009 to <0.0001) 

(Fig. 3a).  At follow-up, C1M levels of 
the MTX and the TCZ+MTX groups 
had, on average, fallen to levels resem-
bling those seen in healthy individuals 
(24ng/ml (SD 10.8)). 
C3M was on average elevated at base-
line in all of the treatment groups com-
pared with healthy individuals (10.2ng/
ml (SD 3.2)) (Fig. 3b). The levels of 
C3M significantly decreased (p-values 
ranging from 0.012 to <0.0001), by 
16–39% for each group on average, 
from baseline to follow-up and were 
approaching the level of healthy indi-
viduals in all four treatment groups. 
C4M levels significantly decreased 
(p-values ranging from 0.0017 to 
<0.0001), between 20–32% across the 
four treatment groups, between base-
line and follow-up (Fig. 3c). The lev-
els of C4M were close to the average 
level of healthy individuals (57.4 ng/ml 

Fig. 2. Scatterplots of the association between each the four biomarkers (ng/ml) and DAS28 at baseline: A) C1M, B) C3M, C) C4M and D) CRPM. 
Trend lines are shown as reduced major axis lines.
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(SD 6.9)) at follow-up in all treatment 
groups. 
For CRPM, only patients in the MTX 
and the TOFA+MTX group achieved 
levels close to the average of healthy 
individuals (6.4ng/ml (SD 3.2)) at 

follow-up (Fig. 3D). Although CRPM 
was significantly decreased at follow-
up in all four treatment groups com-
pared with baseline (p-values ranging 
from 0.032 to <0.0001), the levels 
in the ADA+MTX and TCZ+MTX 

groups remained 53% and 62% higher 
at follow-up than the reference level 
for healthy individuals. At baseline, 
the MTX group had generally lower 
biomarker values than the three other 
treatment groups.

Table IV. Multiple regression analysis illustrated the association between the different biomarkers and DAS28 and SHS at baseline (n=149). 

	 DAS28	 SHS
 
	 n	 SD	 ρ	 p	 n	 SD	 ρ	 p

C1M – Alone	 148	 0.35	 0.37	 <0.0001	 149	 0.209	 0.18	 0.029
C1M – Adjusted for age, sex and disease duration	 149	 0.35	 0.36	 <0.0001	 149	 0.13	 0.22	 0.009
C1M – Adjusted for age, sex, disease duration, and treatment groups	 149	 0.34	 0.39	 <0.0001	 149	 0.13	 0.22	 0.009

C3M – Alone	 149	 0.40	 0.34	 <0.0001	 149	 30.7	 0.13	 0.13
C3M – Adjusted for age, sex and disease duration	 148	 0.41	 0.33	 <0.0001	 149	 20.9	 0.25	 0.015
C3M – Adjusted for age, sex, disease duration. and treatment groups	 148	 0.40	 0.33	 <0.0001	 149	 20.8	 0.20	 0.018

C4M – Alone	 148	 0.50	 0.44	 <0.0001	 148	 40.0	 0.24	 0.0036
C4M – Adjusted for age, sex and disease duration	 148	 0.50	 0.44	 <0.0001	 148	 26.6	 0.31	 0.0001
C4M – Adjusted for age, sex, disease duration, and treatment groups	 148	 0.50	 0.44	 <0.0001	 148	 27.4	 0.29	 0.0004

CRPM – Alone	 147	 0.42	 0.39	 <0.0001	 148	 32.8	 0.21	 0.011
CRPM – Adjusted for age, sex and disease duration	 147	 0.42	 0.39	 <0.0001	 148	 33.4	 0.28	 0.0006
CRPM – Adjusted for age, sex, disease duration, and treatment groups	 147	 0.42	 0.39	 <0.0001	 148	 23.0	 0.26	 0.0014

Fig. 3. Evaluations of biomarker 
levels at baseline and follow-up: 
A: Type I collagen degradation 
in connective tissue evaluated by 
C1M. 
B: Type III collagen degradation 
evaluated by C3M. 
C: Type IV collagen degradation 
evaluated by C4M. 
D: MMP-degraded CRP evaluated 
by CRPM. The dashed line repre-
sents the reference level of healthy 
individuals.  Difference between 
baseline and follow-up was evalu-
ated using the Wilcoxon matched 
pairs signed rank test. 
*p<0.05, ** p<0.01, ***p<0.001, 
****p<0.0001. 
Error bars are illustrated as SEM.  
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Discussion
Chronic inflammation of RA and the 
damage induced in the epithelium re-
sult in exposure of the underlying tis-
sues and subsequent remodelling of the 
basement membranes and interstitial 
tissue. In in this study some of these 
changes were profiled by selected bio-
markers in patients at different stages 
of RA. The selected patient popula-
tions ranged from newly diagnosed, 
treatment naïve patients that were in-
troduced to MTX at baseline to patients 
that were diagnosed for several years, 
and had been introduced to several 
treatments on top of MTX. 
The main findings of the current study 
are: 
•	 Diagnostically
	 Basement membrane degradation 

(measured by C4M) and intersti-
tial tissue degradation (C1M and 
C3M) were all higher than the lev-
els for healthy individuals. The dif-
ferences in these levels were more 
pronounced in the patient groups 
with the longest disease duration 
(TCZ+MTX and TOFA+MTX).

•	 Efficacy
	 The turnover of connective tissue 

depicted by types I, III and IV deg-
radation products were, significantly 
decreased and approaching normal 
levels at follow-up. In addition, the 
significant decrease of CRPM lev-
els in all treatment groups suggests 
that inflammation of the joints was 
reduced. 

•	 Disease score
	 Significant correlations were found 

between all four evaluated biomark-
ers and severity of disease when 
measured as DAS28, SJC28 or SDAI. 
This indicates that tissue turnover is a 
key constituent of disease activity. 

Currently, several biomarkers are used 
to assess autoantibodies, elevated lev-
els of inflammatory cytokines as well 
as evaluation of bone and cartilage 
turnover (26-29). Our results do, how-
ever, indicate that it may be relevant 
to consider turnover of the connective 
tissue in addition to the current stand-
ard disease activity parameters in RA, 
since inflammation and tissue damage 
are key drivers in all autoimmune dis-
eases including RA (30). 

Inflammation-driven MMP activity 
leads to the release of neo-epitopes from 
the interstitial matrix into serum. These 
changes can then be evaluated by C1M 
and C3M, which reflect degradation of 
types I and III collagen, the main com-
ponents of the interstitial tissue (16, 31, 
32). Chronic inflammation and tissue 
damage affect the rate of remodelling 
and changes in the composition of the 
interstitial matrix (33), which is in line 
with our results of C1M and C3M levels 
in RA. Both C1M and C3M have pre-
viously been found to be of prognostic 
and diagnostic value in RA (15, 19, 20, 
34), osteoarthritis (35) and ankylosing 
spondylitis (18, 19). In this study both 
markers were correlated with the disease 
activity parameters DAS28, CDAI and 
SDAI, and with the radiographic pro-
gression, even after correction for sex, 
age, disease duration. C1M levels were 
found to be elevated in all four treatment 
groups at baseline. At follow-up, both 
C1M and C3M levels in all treatment 
groups had decreased significantly. This 
indicates that modulation of the intersti-
tial tissue is reduced in response to phar-
macological intervention.
As type IV collagen is the main com-
ponent of the basement membrane, we 
consider C4M is appropriate for the 
evaluation of basement membrane mod-
ulation. We found that baseline C4M 
levels were increased by 10.1–53.1% 
compared to healthy individuals on av-
erage. This is in line with previous study 
which reported that C4M was elevated 
in the other inflammatory joint disease 
ankylosing spondylitis (18). In addition, 
C4M levels of the presented study cor-
related with the disease activity param-
eters DAS28, CDAI, HAQ, JSN, as well 
as the radiographic (SHS) score at base-
line. C4M levels approached the lev-
els of healthy individuals at follow-up. 
Thus, it appears that not only is the epi-
thelial layer, but also modulation of the 
underlying basement membrane, dis-
rupted by RA, even in the newly diag-
nosed MTX group. The decreased levels 
of C4M at follow-up indicate that the 
basement membrane may benefit from 
anti-inflammatory intervention as turno-
ver seems to have been slowed down.
The endothelium – one of the epithelial 
subtypes – has been found to be altered 

as a consequence of systemic inflam-
mation (36, 37) and this dysfunction is 
present even in young RA patients with 
low disease activity (38). The base-
ment membrane is also widely affected 
by the chronic inflammation of RA as 
it becomes exposed due to endothelial 
dysfunction (39), which may explain 
the increased C4M levels at baseline 
compared with the reference level.  It 
has been reported that the endothelial 
function is improved by interventions 
such as  MTX (40; 41), anti-inflam-
matory therapies such as anti-TNF-α 
agents (37, 42), which may explain the 
decreased C4M levels at follow-up.  
CRPM was selected to quantify the 
CRP fragments released from the in-
flamed tissue. The biomarker has pre-
viously been shown to be upregulated 
in ankylosing spondylitis (23) as well 
as in RA (43). The four groups in this 
study had all highly elevated CRPM 
levels at baseline, which were 53–
128% higher on average, compared to 
the reference level. Although all treat-
ment groups had a significant decrease 
in CRPM levels at follow-up, only pa-
tients in the MTX and the TOFA+MTX 
groups reached levels close to the ref-
erence level for healthy people. The 
ADA+MTX and TCZ+MTX groups 
were still 53% and 62% elevated at fol-
low-up compared to the reference. This 
may in part be due to the intergroup dif-
ferences in demographics and disease 
parameters. The generation of CRPM 
depends on MMPs (23). Thus CRPM 
levels reflect MMP activity in presence 
of inflammation. 
It is peculiar that the selected bio-
markers although the baseline levels 
appeared to vary between the four 
treatment groups (although only sig-
nificantly for C4M), they show similar 
patterns in response to treatments. This 
indicate that the initiated treatments 
excert the same effect on the interstitial 
tissue and basement membrane at least 
within the studied timeframe. It could 
also be that MTX is the main driver of 
this effect, since MTX is a common de-
nominator of all four treatment groups. 
However, it should be noted that the 
patients were at different stages of dis-
ease at baseline. It was only the MTX 
that consisted of MTX naïve patients 
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at baseline, indicating that MTX alone 
may not be sufficient to keep the bio-
marker levels low if or when the dis-
ease progress.     
A limitation of the study was the small 
size of the patient population, thus 
these data need to be confirmed in a 
larger study such as a phase III clini-
cal trial. The intergroup differences in 
demographic and clinical data of the 
treatment groups makes it difficult to 
compare the treatment groups. Further-
more, the biomarker reference values 
are based on samples mainly from Cau-
casians, which may be slightly different 
from other populations such as those 
of Asian descent as the RA patients in-
cluded in the study. This is however the 
first time that biomarkers of connective 
tissue destruction have been evaluated 
in a head-to-head treatment study. 
In conclusion, remodelling of the inter-
stitial tissue and basement membranes 
is elevated in RA and is associated with 
disease pathology. This level of tissue 
destruction was modulated by different 
types of intervention. Baseline levels of 
tissue destruction were associated with 
disease progression and could reflect 
central aspects of the mechanism driv-
ing disease progression.
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