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Introduction

Rheumatoid arthritis (RA) is a  systemic, autoimmune 
inflammatory disease of unknown origin [1]. The hall-
mark of RA is a chronic inflammation of joints resulting 
in joint destruction, functional disability and increased 
mortality of patients [2]. Systemic inflammation, pres-
ent in majority of RA patients and reflected in symp-
toms and biochemical tests, is characterized by activa-
tion of vascular endothelium, leukocytes and platelets. 
These activated cells express selectins [3], which play 
important roles in coordination of leukocyte migration 
to extravascular sites of inflammation [4]. E-selectin is 
expressed only by endothelial cell and circulating E-se-
lectin reflects endothelial activation [5] and mediates 
angiogenesis via its endothelial ligand sialyl LewisX 
(sLex) [6]. P-selectin is an adhesion molecule located in 
the membrane of alpha granules of platelets and in the 

Weibel‑Palade bodies of endothelial cells, and its solu-
ble (s) form is a clinical marker of platelet activation [5]. 
L-selectin is expressed by granulocytes, lymphocytes 
and monocytes and sL-selectin is a regulator of leuko-
cyte attachment to endothelium [7]. Soluble forms of 
selectins can be detected in circulation, and their raised 
levels have been reported in RA [8]. All selectins recog-
nize sialylated, fucosylated glycoconjugates expressed 
on glycoproteins [9]. Recent outcomes emphasized 
a  critical role of post‑translational modifications such 
as glycosylation in the pathophysiology of many auto-
immune diseases. Increased fucosylation of many 
serum proteins, including antibodies against cyclic cit-
rullinated peptides (ACPA), have been observed in RA 
patients [10, 11]. The majority of the fucose residues 
were detected as sLex on α1-acid glycoprotein (AGP), 
α1-antichymotrypsin (ACT) and haptoglobin [12]. 
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ACT is a  serine protease inhibitor which rises in 
inflammatory conditions and has been implicated in 
the pathology of a number of devastating human dis-
eases including chronic obstructive pulmonary disease, 
Parkinson's disease and Alzheimer's disease [13]. In RA 
the serum concentration of ACT was described as a reli-
able indicator of the mass of inflamed tissue [14]. ACT 
acts as an inhibitor of leukocyte cathepsin G, which is 
involved in the pathophysiology of RA [15] and has the 
unique ability amongst serpins to bind to DNA [16]. 

As sLex epitope on fucosylated glycoproteins can 
act as a ligand for both membrane bound selectins and 
their circulating forms, fucosylated proteins can interact 
with soluble selectins and influence their function. In 
this study we assessed concentration and fucosylation 
of ACT in relation to serum concentrations of soluble 
forms of selectins and disease activity in RA patients. 

Material and methods

Patients
We recruited to the pilot study 70 consecutive patients 
(52 women, 18 men, age range 25–75 years, mean 
54.7 ± 12.6 years), all of whom fulfilled the 2010 
American College of Rheumatology (ACR) / European 
League Against Rheumatism (EULAR) criteria for RA 
[17]. Patients were also grouped as having early RA 
(n = 16) or established RA (n = 54), based upon the 
duration of the disease, defining early RA as patients 
having a  disease duration of less than 2 years and 
established RA as patients having a disease duration 
longer than 2 years. Informed consent was obtained 
from all participants and the study was approved by 
the Institutional Review Board at Poznan University of 
Medical Sciences. A protocol of the conducted research 
conforms to the principles of the World Medical Asso-
ciation’s Declaration of Helsinki.

Clinical evaluation and laboratory measurements
The workup included the demographics of patients, 
patients’ history, a  thorough clinical examination 
together with patients’ status/disease activity assess-
ment using Disease Activity Score (DAS 28) [18, 19]. 
Functional status was evaluated with Polish version of 
the Health Assessment Questionnaire (HAQ) disability 
index [20]. The patients were also asked to assess their 
overall activity of arthritis and pain using visual analog 
scales (VAS) [21]. In addition, the 66/68-joint count 
was performed (66 peripheral joints were evaluated for 
swelling and 68 peripheral joints were evaluated for 
tenderness or pain on motion).

Sera from patients were collected at the time of 
clinical examination and stored at -70°C before esti-
mations were made. The control sera from 30 healthy 
blood donors (20 women, 10 men, age groups: 25–34 
years, 35–44 years, 45–54 years, 55–65 years) were 
purchased from Regional Blood Center to be analyzed 
individually. The samples were also pooled and stored 
at -70°C to be used as a normal control in the lectin 
enzyme‑linked immunosorbent assay (ELISA). Erythro-
cyte sedimentation rate (ESR) was determined by rou-
tine method. Serum C-reactive protein (CRP), AGP and 
ACT concentrations were measured by rocket immu-
noelectrophoresis [22]. The serum sL-, sP-, sE-selectin 
levels and the concentrations of IgM rheumatoid fac-
tor (RF) and ACPA were measured using commercially 
available ELISA kits (R&D Systems, USA for selectins and 
Euroimmun, Germany for IgM RF and ACPA), accord-
ing to the manufacturer’s instructions. The fucosylation 
of ACT were determined by the Aleuria aurantia lectin 
(AAL) ELISA, as described previously [23]. The fucosy-
lation ratio (ACT-FR) was calculated as the ratio of the 
mean sample absorbance to the mean absorbance of 
the normal pool, after blank subtraction. All samples 
were assessed in duplicate. 

Statistical analysis

Patients’ demographic data were analyzed using 
descriptive statistics. All continuous data were tested 
for normal distribution using the Kolmogorov‑Smirnov 
test. The results of analysis of normally distributed 
data were presented as mean ± standard deviation 
(SD), whereas non‑normally distributed data were 
expressed as median (interquartile range, IQR). Dif-
ferences between investigated groups were tested for 
significance using a Mann‑Whitney U-test. Correlations 
between variables within the group were analyzed 
using Spearman’s rank‑order correlation coefficient 
(r). Results were considered significant at p  <  0.05 
two‑sided. All statistical analyses were performed with 
STATISTICA software (Statsoft, 2009. Statistica version 
9.1, www.statsoft.com).

Results

Table 1 shows the characteristics of RA patients.
Sixty four (91.4%) patients received disease‑mod-

ifying anti‑rheumatic drugs (DMARDs): 48 (68.6%) 
patients received methotrexate, 12 (17.1%) were treat-
ed with sulphasalazine, 3 (4.3%) with leflunomide and 
1 (1.4%) with chloroquine. Forty two (60%) patients 
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were treated with glucocorticoids (daily mean dose 
equivalent to prednisone was 5.6 mg), from whom 30 
received both glucocorticoids and methotrexate. Two 
women were taking oral contraceptives at the time of 
examination.

Fucosylation of ACT was significantly lower in 
healthy controls when compared to RA patients 
(0.9(0.5) vs. 1.5(1.9), p  <  0.001, Figure 1). It was 

not associated with age or disease duration of the 
investigated subjects. In RA patients ACT-FR was sig-
nificantly higher in men than in women (p  =  0.01, 
Figure 2). ACT-FR significantly correlated with serum 
concentrations of RF and ACPA (r = 0.32, p = 0.006 
and r = 0.25, p = 0.04, respectively). The correlation 
between ACT-FR and ACPA was more significant in the 
group of RA patients not treated with glucocorticoids 

Table 1. Demographic, clinical and laboratory characteristics of rheumatoid arthritis patients

Sex (women/men) 52/18
Age (years), mean (range) 54.7 ± 12.6 (25–75)
Duration of the disease (years), mean (range) 10.5 ± 11.4 (0,5–56)
IgM rheumatoid factor present, n (%) 60 (85.7)
anti-cyclic citrullinated peptide antibodies present, n (%) 48 (68.6)
Health Assessment Questionnaire disability index 1.4 (0.9)
Visual analog scale pain, mm 46.5 (32)
DAS 28 (4 variables) 5.3 (1.9)
DAS 28 (3 variables) 5.2 (1.9)
Number of tender joints 21 (24.5)
Number of swollen joints 12 (11.5)
Erythrocyte sedimentation rate, mm/h 20 (35)
C-reactive protein, mg/l 3 (9.2)
sE-selectin (ng/ml) 24.7 (16.9)
sP-selectin (ng/ml) 47.3 (63)
sL-selectin (ng/ml) 1909.1 (1022.5)
α1-antichymotrypsin fucosylation ratio (ACT-FR) 1.5 (1.9)

Data presented as the median (interquartile range), mean ± standard deviation or as n (%)
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Figure 1. α1-Antichymotrypsin fucosylation ratio (ACT-FR) in rheumatoid arthritis (RA) patients and healthy 
control (Control)
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(r = 0.46, p = 0.01). Moreover, ACT-FR and sE-selectin 
levels were significantly lower in patients with negative 
RF vs. positive RF (p = 0.02). We noted statistically sig-
nificant correlation of ACT-FR with sP-selectin (r = 0.6, 
p = 0.008, Figure 3) and sE-selectin (r = 0.5, p = 0.03, 
Figure 4) only in males with RA. No correlation was 
observed between ACT-FR and sL-selectin level.

No other statistically significant associations were 
detected between ACT-FR and clinical or laboratory 
findings, as shown in Table 1.We also noted no sta-
tistically significant differences in ACT-FR and soluble 
selectin levels between the group with early vs. estab-
lished RA or between patients undergoing different 
immunosuppressive therapies.
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Figure 2. α1-Antichymotrypsin fucosylation ratio (ACT-FR) in female (F) and male (M) rheumatoid arthritis 
patients
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Figure 3. Correlation between α1-antichymotrypsin fucosylation ratio (ACT-FR) and soluble P-selectin in male 
patients with rheumatoid arthritis
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Discussion

The function of raised levels of circulating selectins and 
increased fucosylation of glycoproteins in RA patients 
is obscure. Since sLex is known to be the simplest car-
bohydrate structure recognized by the selectins, gly-
coproteins that present sLex may function as the com-
petitive inhibitors of interactions between selectins and 
their ligands during inflammatory reactions. Thus, the 
fucosylated proteins may represent a feedback mecha-
nism, leading to the inhibition of leukocyte extravasa-
tion by blocking the selectins expressed on activated 
endothelium. On the other hand, the fucosylated pro-
teins through binding with the soluble forms of selec-
tins could inhibit their possible anti‑inflammatory prop-
erties. Our hypothesis, that in vivo exists a  common 
mechanism regulating fucosylation of proteins and 
serum selectin concentrations was promising. As far as 
we know, this is the first report comparing the fucosy-
lation ratio of ACT with the concentrations of soluble 
forms of selectins in RA patients. 

First of all, in the present study ACT-FR were sig-
nificantly higher in men than in women, and only in 
male RA patients statistically significant correlations 
of ACT-FR with serum concentrations of sP- and sE-se-
lectins were observed. These findings can be a result 
of altered fucosylation of glycoproteins due to hor-
monal factors [24]. Moreover, the considerably differ-
ent results obtained for both sexes could be connect-

ed with the distinct RA phenotype between men and 
women [25, 26]. Our results are also concordant with 
previous report concerning fucosylation of α1-acid gly-
coprotein (AGP-FR) in RA [27]. In the study, Ryden et 
al. noted a weak correlation between AGP-FR only in 
men and concluded, that AGP-FR reflects rather basic 
inflammatory process than short‑term variations of 
clinically assessed disease activity [27]. However, the 
limitation of our findings can be the fact that men 
accounted for the minority of the whole examined 
group. Therefore, the relevance and biological effect 
of these discoveries remains to be studied in a larger 
group of patients. 

We also showed that ACT-FR significantly correlat-
ed with the concentration of RF and ACPA (especially in 
patients not treated with glucocorticoids), and was sig-
nificantly lower in patients RF-negative vs. RF-positive. 
The last observation is concordant with the data report-
ed by Ryden et al., who found a higher degree of AGP 
fucosylation in RF-positive women than in RF-negative 
women [27]. Moreover, our finding could be of a par-
ticular importance as it was previously reported that 
higher ACPA concentrations (particularly in RF-positive 
patients) are associated with increased disease activity 
in male patients with RA [28]. Thus, it is tempting to 
speculate that the level of ACT fucosylation not only 
indicates basal pro‑inflammatory phenotype but can 
have some predictive value in disease outcome in RA.
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Figure 4. Correlation between α1-antichymotrypsin fucosylation ratio (ACT-FR) and soluble E-selectin in male 
patients with rheumatoid arthritis
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Perspectives

To conclude, our findings demonstrated differences 
in fucosylation of ACT between male and female RA 
patients and revealed a relationship between ACT fuco-
sylation and soluble selectins in men. Taken together, 
our results advocate towards better understanding of 
fucosylation mechanisms and their modulatory impact 
on immune system. It can become necessary to face 
future individualized therapeutic approaches of RA.
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