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Abstract: Rheumatoid arthritis (RA) is a chronic inflammatory disorder that affects approximately 1% of the world’s 
population. The pathogenesis of RA is not understood fully. It is assumed that endothelial function is associated with 
the proinflammatory state of RA. Endothelial dysfunction/activation reflects the increased level of von Willebrand 
factor (vWF) and a shift toward prothrombotic activity of the endothelium. The present study was performed to inves-
tigate the possible relationships between vWF and claudin-5 and the level of disease activity in patients with RA. The 
study population was divided into four groups according to the disease activity score in 28 joints (DAS28): remission 
group (RG), 18 patients (DAS28 < 2.6); low disease activity group (LDAG), 23 patients (DAS28 > 2.6-3.2); moderate 
disease activity (MDAG), 23 patients (DAS28 > 3.2-5.1); high disease activity group (HDAG), 14 patients (DAS28 > 
5.1); and control group (CG), 10 healthy subjects. Claudin-5 and vWF assessment were derived from serum samples 
gathered from the patients known to have RF and anti-CCP titers in the normal ranges. A high positive association of 
claudin-5 and vWF with the MDAG was observed (P < 0.001). The results of our study indicated that the relationship 
between vWF and claudin-5, which are indicators of endothelial cell dysfunction and tight junction activity, may be 
a predictor of disease activity. Further studies are required to investigate these pathways to shed light on the roles 
of claudin-5 and vWF in the progression of inflammation and other vascular conditions.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflam-
matory disorder that affects approximately 1% 
of the world’s population [1]. Unfortunately, its 
management has a significant impact on quali-
ty of life unfortunatelly, its management has a 
significant impact on quality of life [2]. C-reactive 
protein (CRP) and the erythrocyte sedimenta-
tion rate (ESR) are routinely used in evaluation 
of disease activity in RA [3]. However, these 
parameters are not disease-specific. Investi- 
gation of effective new treatments and preven-
tion strategies to improve the progression of 
disease activity in RA are needed. However, the 
pathogenesis of RA is not understood fully. It is 
assumed that endothelial function is associat-
ed with the proinflammatory state of RA [4]. 
Endothelial cells are recognized as gatekeep-
ers that control the infiltration of leukocytes 
and plasma proteins into the walls of blood ves-

sels. Endothelial cell-cell junctions can also 
function as signaling structures directly or indi-
rectly [5]. Tight junction (TJ) proteins are located 
at endothelial cell-cell contacts. TJ protein com-
plexes are composed of transmembrane, cyto-
plasmic, and cytoskeletal proteins [6]. The roles 
of several TJ proteins, including zonula 
occludens (ZO), occludin, and junctional adhe-
sion molecules (JAMs), have been de- 
monstrated in RA [7, 8]. The organization of 
endothelial junctional complexes is affected by 
cytokines in many diseases. Endothelial dys-
function/activation reflects the increased level 
of von Willebrand factor (vWF) and a shift 
toward prothrombotic activity of the endotheli-
um. The present study was performed to inves-
tigate the possible relationships between vWF 
and claudin-5 and the level of disease activity 
in patients with RA. The roles of this mecha-
nism and possible association with disease 
activity have not been studied extensively.
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Green Oaks, IL) and considered positive above 
a cut-off value of 5 arbitrary units, as suggest-
ed by Abbott ARCHITECT i1000SR. Claudin-5 
and vWF were assessed by ELISA (Eastbiopharm 
Co., Ltd., Wuhan, China).

Ethics approval

The study protocol was approved by the Ethics 
Committee of Sakarya University. This work 
was performed as part of a laboratory-based 
study, with no direct involvement with the 
affected patients. All clinical data, including 
specimen source and relevant patient informa-
tion, were carefully recorded from laboratory 
request forms. The assays were calibrated  
and quality control materials were analyzed 
according to the respective manufacturer’s 
instructions.

Statistical analysis

SPSS version 20.0 statistical software was 
used for statistical analysis (IBM Corp., Armonk, 
NY, USA). Quantitative variables (clinical, labo-
ratory) are presented as means, SDs, and  
ranges. Correlations among clinical, laboratory 
parameters and autoantibodies were analyzed 
by Pearson’s correlation and one-way ANOVA. 
In all analyses, P < 0.05 was taken to indicate 
statistical significance.

Results

Age, sex, BMI, and smoking habits were similar 
between RA patients and controls. Both clau-
din-5 and vWF value distributions showed 
homogeneous characteristics in terms of 
demographic characteristics. With regard to 
claudin-5 and vWF, there were no statistically 
significant differences among RA patients in 
the duration of symptoms, disease duration, or 

Materials and methods

A total of 78 patients who were followed up at 
the Rheumatology Policlinics in the Medicine 
Faculty Hospital, Sakarya University between 
April 2012 and September 2013 and fulfilled 
the ACR/EULAR 2010 RA classification criteria 
were enrolled in this study. Ten healthy control 
subjects who were followed up at the checkup 
polyclinic were also included in the study. 
Patients were randomly selected, according to 
the criteria outlined below, from seronegative 
patients negative for rheumatoid factor (RF) 
and anti-cyclic citrullinated peptide (anti-CCP) 
antibody. The study population was divided into 
four groups according to the disease activity 
score in 28 joints (DAS28): remission group 
(RG), 18 patients (DAS28 < 2.6); low disease 
activity group (LDAG), 23 patients (DAS28 > 
2.6-3.2); moderate disease activity (MDAG), 23 
patients (DAS28 > 3.2-5.1); high disease activ-
ity group (HDAG), 14 patients (DAS28 > 5.1); 
and control group (CG), 10 healthy subjects. 
The patients’ age, gender, body mass index 
(BMI), and smoking habits were registered. 
Clinically, the patients’ duration of symptoms, 
duration of disease, delay in diagnosis, clinical 
remission, levels of relevant disease-modifying 
antirheumatic drugs (DMARD), and family  
history were noted. To evaluate the patients’ 
quality of life, the Health Assessment 
Questionnaire (HAQ) disability index consisting 
of 20 questions was used. To determine wheth-
er the patients were in remission, the ACR/
EULAR 2011 remission criteria published  
in 2011, involving the CRP, swollen and ten- 
der joint numbers and the patient’s global eval-
uation were used. Claudin-5 and vWF assess-
ment were derived from serum samples gath-
ered from the patients known to have RF and 
anti-CCP titers in the normal ranges. RF was 

measured by nephe-
lometry; a level of 20 
U/mL was considered 
positive as suggested 
by Beckman Coulter 
IMMAGE® Immuno- 
chemistry Systems 
(Beckman Coulter, 
Brea, CA). Anti-CCP 
antibodies were mea-
sured by Enzyme 
Linked Immunosor- 
bent Assay (ELISA; 
Abbott Laboratories, 

Table 1. Demographic and clinical characteristics of the study groups
Characteristics RA patients Controls P
Age, mean ± SD years 47.75 ± 14.91 45.31 ± 14.42 > 0.05
Sex, % women 74.42 60.00%
BMI, kg/cm2 27.51 ± 3.05 25.84 ± 2.65
Cigarette smoking, % 29.83 40.0
Duration of symptoms, mean ± SD months 44.93 ± 24.47 NA
Disease duration, mean ± SD months 39.13 ± 23.8 NA
Delay in diagnosis, mean ± SD months 4.98 ± 4.05 NA
HAQ total scores, mean ± SD 2.94 ± 2.26 NA
BMI: Body Mass Index; HAQ: Health Assessment Questionnaire; NA: Not applicable.
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Both claudin-5 and vWF were significantly cor-
related with the ESR, CRP, and DAS28 score (P 
< 0.05), but not with RF or anti-CCP antibody. In 
addition, among all patients involved in this 
study, the average HAQ score was 2.9 ± 2.3. 
The means ± SD of the HAQ scores of the RG, 
LDAG, MDAG, and HDAG were 3.7 ± 2.1, 3.1 ± 
1.9, 2.4 ± 2.6, and 1.2 ± 1.7, respectively. 
Within groups, there were negative correlations 
among claudin-5 (r = -0.129), vWF (r = -0.156), 
and HAQ scores, but these were not statistical-
ly significant (P > 0.05). 

Discussion

Recent studies have indicated that immunity 
leads to vascular injury via the effects of inflam-
mation. In this context, many molecules 
involved in different signaling pathways have 
been investigated in endothelial cells. In addi-

delay in diagnosis. Clinically, the remission rate 
was 58.8% in RA patients. The demographic 
and baseline clinical characteristics of the 
study groups are shown in Table 1. 

All patients and controls were negative for RF 
and anti-CCP antibody. ESR and CRP values 
were significantly correlated (r = 0.725, P < 
0.001). Within groups, the most significant 
changes were observed in the ESR (~6-fold in 
level) followed by CRP. The mean ESR and mean 
serum CRP concentration were significantly 
higher in the tested patient groups than the 
controls (P < 0.001 and P = 0.032, respective-
ly). Table 2 presents the ESR and CRP in RA 
patients and the controls.

With the exception of a slight difference 
between the controls and RG (~5 ng/mL, P > 
0.05), claudin-5 concentrations were signifi-

cantly different with respect to 
the stage of disease activity in 
other groups. A high positive 
association of claudin-5 with 
the MDAG was observed (P < 
0.001). Figure 1 shows the 
association of claudin-5 with 
regard to the stage of disease 
activity. Similarly, with the 
exception of a slight difference 
between the controls and RG 
(~2 ng/mL, P > 0.05), vWF con-
centrations were significantly 
different with regard to the 
stage of disease activity in  
the other groups. A high posi-
tive association of vWF with  
the MDAG was observed (P < 
0.001). Figure 2 shows the 
association of vWF with res- 
pect to the stage of disease 
activity.

Table 2. Laboratory characteristics of the study groups
Groups n (%) ESRa CRPb Claudin-5c vWFc

Control 10 (11.4) 8.4 ± 2.1 [1.2] 2.4 ± 0.9 [0.8] 12.9 ± 5.9 [9.5] 12.3 ± 5.8 [7.4]
RG 18 (20.5) 27.2 ± 8.9 [10.1] 7.8 ± 4.1 [6.3] 17.3 ± 10.1 [5.6] 14.6 ± 12.1 [9.6]
LDAG 23 (26.1) 28.2 ± 9.8 [25.7] 7.8 ± 4.6 [8.1] 33.4 ± 26.1 [32.8] 28.8 ± 25.7 [32.2]
MDAG 23 (26.1) 31.7 ± 13.5 [30.6] 8.6 ± 5.9 [9.2] 56.9 ± 35.8 [63.9] 55.5 ± 35.9 [69.2]
HDAG 14 (15.9) 52.5 ± 15.7 [32.4] 14.1 ± 5.9 [13.2] 25.2 ± 14.9 [9.1] 24.5 ± 17.1 [12.2]
Pd < 0.001 0.032 < 0.001 < 0.001
Presented data were sorted according to the mean ± standard deviation [interquartile rage]. aRange: 0-200 mm/h, bRange: 
1-960 mg/L, cng/mL, dOne-way ANOVA (within groups).

Figure 1. Association of claudin-5 with disease activity.
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between early-onset inflammatory arthritis (EA) 
and healthy controls. Interestingly, the level of 
vWF was significantly higher in EA patients, 
indicating endothelial dysfunction and damage. 
Furthermore, classical inflammation markers, 
such as CRP, ESR, and IL-6 levels, were also 
evaluated and were not associated with endo-
thelial damage in these patients. Consequently, 
endothelial damage/dysfunction has been 
reported in cases of early-onset inflammatory 
arthritis but not has not been directly associat-
ed with inflammation markers. However, we 
found a positive correlation between vWF, a 
marker of endothelial dysfunction, and disease 
activity in patients with RA. Many other clinical 
studies indicated that high levels of vWF can 
also be used as a marker to estimate cardio-
vascular risk in RA patients [14-21]. Veselinovic 
et al [22] suggested that RA patients have sig-
nificantly elevated serum vWF level compared 
with controls associated with the development 
of accelerated atherosclerosis, and that it can 
be used for the estimation of cardiovascular 
risk. de Groot et al [23] reported that signifi-
cantly elevated levels of vWF as well as 
advanced glycation end products (AGEs) are 
associated with increased endothelial activa-
tion and dysfunction in RA patients. A variety of 
therapeutic agents that act as AGE crosslink 
breakers were shown to not only induce the 
degradation of AGEs but also to facilitate the 
recovery of endothelial dysfunction in experi-

tion, the mechanisms underlying the pathogen-
esis of various diseases associated with endo-
thelial dysfunction mediated by the cytokine 
pathways are currently under investigation. 
Endothelial dysfunction has been shown to be 
related to many events, such as oxidative 
stress, metabolic abnormalities, genetic pre-
disposition, polymorphisms, and cardiovascu-
lar disorders. Changes in inflammatory activity 
in RA patients may be one of the main reasons 
for endothelial dysfunction [9]. Increased vas-
cular inflammation in diseases such as RA and 
atherosclerosis is the result of increased endo-
thelial cell permeability. This increase in perme-
ability of the endothelial cells leads to an 
increase in paracellular leakage of plasma fluid 
and proteins. Claudin-5, which is the integral 
membrane protein involved in endothelial tight 
junctions, and its transcriptional and posttrans-
lational regulation are involved in many physio-
logical and pathological processes [10]. 
Claudins control pericellular permeability as 
well as barrier function [11, 12]. Moreover, 
Claudin-5 knockout mice died within 1 day after 
birth and were reported to show blood–brain 
barrier defects. It is suggested that endothelial 
dysfunction/activation is reflected by high lev-
els of leukocyte adhesion molecules (e.g., vas-
cular cell adhesion molecule-1 [VCAM-1], inter-
cellular adhesion molecule-1 [ICAM-1], and 
E-selectin), increased levels of vWF, and a shift 
toward prothrombotic activity in the endotheli-

um [9, 12]. vWF in RA patients 
has been investigated in many 
studies as a marker of endo-
thelial activity as well as for its 
role in platelet adhesion. vWF 
is released from both endothe-
lial cells and megakaryocytes, 
but the source of vWF in the cir-
culation originates only from 
endothelial cells. A previous 
study evaluating the relation-
ship between endothelial activ-
ity markers and inflammatory 
parameters in patients with RA 
indicated that inflammatory 
markers, such as IL-8, CRP, and 
RF, and vWF, are correlated 
positively. Thus, increased RA 
activity indicated endothelial 
injury. Foster et al [13] com-
pared the levels of endothelial 
activation markers (plasma 
vWF and soluble E-selectin) 

Figure 2. Association of vWF with disease activity.
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mental models [24]. There have been no previ-
ous reports regarding the relationship between 
RA and claudin-5. However, a recent study indi-
cated the importance of epithelial cell-cell and 
cell-extracellular matrix interactions as well as 
the disruption of tight junctions in Sjögren’s 
syndrome [25]. In an experimental mouse 
model of RA, occludin and ZO-1 levels were 
evaluated in the rat brain by immunoblot and 
immunofluorescence analyses. The results 
indicated decreased expression of occludin but 
no changes in ZO-1 levels. Moreover, a pathway 
and network-oriented genome-wide associa-
tion study (GWAS) analysis (PANOGA) by Bakir-
Gungor and Sezerman [26] identified the genes 
related to tight junctions and RA. However, 
many studies have shown no association 
between the vWF levels and effects of claudins, 
which play key roles in the regulation of para-
cellular permeability, on endothelial cells. Jin et 
al [27] investigated the changes of claudin-3, 
-4, -5, -18 expression in epithelial and endothe-
lial cells in Pseudomonas aeruginosa (PA)-
induced lung injury. The results indicated that 
claudin-4, -18, and -5 mRNA levels were 
increased 24 h after application of PA in alveo-
lar epithelial and endothelial cells, but Western 
blot analysis indicated no significant increases 
in protein levels. Furthermore, imaging of endo-
thelial damage by electron microscopy did not 
show any significant changes in the expression 
of vWF. We propose that the differences in 
expression of claudin-5 and vWF between the 
MDAG and HDAG may be related to disease 
activity and/or homeostatic mechanisms that 
interfere with the various proteins/immune 
mediators in the clinical progression of RA. 
These results may be due to increased disease 
activity and may restrict endothelial dysfunc-
tion in the HDAG. Further studies are required 
to investigate these differences. 

The results of our study indicated that the rela-
tionship between vWF and claudin-5, which are 
indicators of endothelial cell dysfunction and 
tight junction activity, may be a predictor of dis-
ease activity. Further studies are required to 
investigate these pathways to shed light on the 
roles of claudin-5 and vWF in the progression of 
inflammation and other vascular conditions.
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