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Abstract. This study was performed to evaluate whether 
endocan expression, which is known to be involved in tumor 
angiogenesis, was increased in rheumatoid arthritic tissues. In 
addition, the involvement of adiponectin in the regulation of 
endocan expression in arthritic joints was examined. Arthritic 
synovial tissues from patients with rheumatoid arthritis (RA) 
or osteoarthritis (OA) were immunostained with antibodies 
to endocan and vascular endothelial growth factor (VEGF). 
Subsequently, synovial cells and human umbilical vein endo-
thelial cells were cultured and stimulated with interleukin-1 β 
(IL-1β) or adiponectin. The mRNA and protein levels of 
endocan were evaluated by polymerase chain reaction and 
ELISA, respectively. Endocan expression was markedly 
increased in the inflammatory sites of RA synovial tissues. 
In OA tissues, endocan expression was higher in tissues 
displaying moderate and severe inflammation than in those 

with mild inflammation. In vitro expression levels of endocan 
and VEGF in endothelial and synovial cells were differentially 
increased in response to IL-1β stimulation. Adiponectin was a 
more potent stimulant of endocan than IL-1β at their respec-
tive physiological concentrations in synovial cells. Endocan 
silencing by small interfering RNA transfection of synovial 
cells decreased in vitro cell migration and invasion. In conclu-
sion, adiponectin is an important factor in the stimulation of 
endocan expression in synovial cells. Adiponectin-induced 
endocan expression in synovial cells may stimulate cell migra-
tion and invasion as well as angiogenesis in the pannus of 
arthritic joints.

Introduction

Rheumatoid arthritis (RA) is a systemic disease characterized 
by synovial inflammation. The combination of the proliferation 
of synovial lining cells and the infiltration of inflammatory 
cells, including monocytes and activated leukocytes, into joint 
tissues contributes to ‘pannus’ tissue formation, tumor-like 
growth and eventually to extensive synovial inflammation and 
joint destruction (1,2). Thus, the continued neovascularization 
of pannus tissues may facilitate the penetration of inflamma-
tory cells into the synovium and thereby stimulate pannus 
formation (3). Increased angiogenesis is one characteristic 
of RA, and rheumatoid joints also contain elevated levels of 
pro-angiogenic molecules, including vascular endothelial 
growth factor (VEGF), basic fibroblast growth factors (FGF), 
hypoxia-inducible factor-1, and angiopoietins (4). Furthermore, 
preclinical studies have indicated that angiogenesis inhibitors 
are able to reduce pannus formation, inflammation and joint 
erosion; and that therapeutic targeting of angiogenesis has 
demonstrated beneficial effects in the treatment of diseases, 
including colorectal, kidney and lung cancer (4,5). Thus, 
angiogenesis inhibitors may be developed as potential thera-
pies.

Endocan, which was previously named endothe-
lial cell-specific molecule (ESM-1), has been studied 
as a pro-angiogenic factor in tumor tissues (6). It was 
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originally cloned from human endothelial cells in 1996 by 
Lassalle et al (7). Structurally, endocan is a 50 kDa secretory 
proteoglycan composed of a mature polypeptide of 165 amino 
acids with a single dermatan sulfate chain covalently linked to 
Ser137 (6). It is a relatively unusual molecule in that it is able to 
freely circulate in the blood and carries only one GAG chain. 
Endocan binds CD11a/CD18 integrin (also known as leukocyte 
function-associated antigen-1) on human leukocytes, inhibiting 
its binding to intercellular adhesion molecule 1 and thereby 
preventing transendothelial migration (7-9). The silencing of 
endocan in hepatocellular carcinoma resulted in decreased 
cell migration, invasion and survival (10). Furthermore, 
endocan has been suggested to be a specific biomarker of tip 
cells during neoangiogenesis (6). The expression of endocan is 
upregulated by pro-inflammatory molecules, including tumor 
necrosis factor alpha (TNF-α), as well as pro-angiogenic 
molecules, including VEGF and FGF-2 (6,11,12).

These physiological functions of endocan may addition-
ally be involved in the angiogenesis of pannus in rheumatoid 
arthritic joints, which are characterized by tumor-like growth. 
To the best of our knowledge, the relevance of endocan to 
RA has not previously been studied. In addition, a previous 
study by our group indicated that adiponectin, which was 
recently demonstrated to be involved in RA pathogenesis, 
stimulated the expression of VEGF in FLSs to the same extent 
as interleukin-1 β (IL-1β), one of the most important stimulators 
of FLSs. This result suggested that adiponectin was also an 
important stimulant of angiogenesis in arthritic joints (13). In 
the present study, endocan expression in arthritic joints was 
evaluated and those cells which contributed most to endocan 
production were identified. Furthermore, the effects of adipo-
nectin on the expression of endocan in the FLSs of arthritic 
joints were examined. In the present study, for the first time, 
to the best of our knowledge, it is concluded that endocan 
expression is increased in arthritic synovial tissues and that 
adiponectin is an important factor involved in mediating the 
increased endocan expression observed in synovial cells.

Materials and methods

Synovial tissues and joint fluid collection. Synovial tissues 
were collected from patients with RA or OA following 
the attainment of informed consent. Patients met the 1987 
American College of Rheumatology criteria for the diagnosis of 
RA, had been treated with non-biological, disease-modifying 
anti-rheumatic drugs and had undergone therapeutic joint 
surgery. Ethical approval was obtained from the Institutional 
Review Board for Human Research of Kyung Hee University 
Hospital at Gangdong, Republic of Korea.

Cell culture. FLSs from patients with RA were isolated and 
grown in Dulbecco's modified Eagle's medium (DMEM, 
low glucose; Gibco Invitrogen Inc., Grand Island, NY, USA) 
as described previously (13). Human umbilical vein endo-
thelial cells were obtained from Cell Applications Inc. (San 
Diego, CA, USA). Once the cells had grown to confluence, 
they were split at a 1:4 ratio. Passages three to six were used 
for all experiments. The cells were treated with IL-1β (0.1 
or 1 ng/ml; ProSpec, Rehovot, Israel) or adiponectin (1 or 
10 µg/ml; ProSpec). Culture supernatants were collected for 

the analysis of VEGF and endocan by ELISA, and the cells 
were used for total RNA extraction.

Measurement of gene expression by ELISA. The cells 
(2.5x105 cells/60 mm dish/2 ml serum-free media) were treated 
with recombinant adiponectin (1 or 10 µg/ml) or IL-1β (0.1 or 
1 ng/ml; ProSpec, Rehovot, Israel). Conditioned media was 
collected following 24 h. Briefly, culture supernatants were 
centrifuged and the supernatants were collected and analyzed 
for endocan (Lunginnov, Lille, France) and VEGF (R&D 
Systems Inc., Minneapolis, MN, USA) with ELISA kits. Three 
independent experiments were performed in quadruplicate.

Polymerase chain reaction (PCR) analysis of messenger 
RNA (mRNA) expression levels. Culture supernatants were 
harvested and the cells were subsequently used to measure 
gene expression levels, as described previously (14). Briefly, 
complementary DNA was synthesized from 1 µg of total 
RNA in a 20 μl reverse transcription reaction mixture. For 
semi-quantitative PCR, aliquots of cDNA were amplified 
with the primers in a 25-µl PCR mixture containing 1X PCR 
buffer, 0.625 units TaKaRa Ex TaqTM HS and 0.2 µM specific 
upstream primers, according to the manufacturer's instruc-
tions (TaKaRa Bio, Kyoto, Japan). The PCR conditions for 
VEGF and endocan were as follows: 95˚C for 45 sec, 55-60˚C 
for 45 sec and 72˚C for 45 sec; repeated for 30-33 cycles. The 
PCR products were subjected to electrophoresis on a 1.5% 
agarose gel containing ethidium bromide (Bio-Rad, Hercules, 
CA, USA) and the bands were visualized under ultraviolet 
light. For quantitative PCR, the reaction was performed using 
the LightCycler PCR system (Roche Diagnostics, Meylan, 
France) and the DNA binding SYBR Green I dye was used to 
detect the PCR products. Product specificity was determined 
by melting curve analysis as described in the LightCycler 
manual. Results are expressed as ratios of endocan transcripts 
to β-actin transcripts, with the quantity of transcripts in each 
sample expressed as a copy number. The primers were synthe-
sized by Bioneer Co. Ltd. (Seoul, Korea), and their sequences 
are listed in Table I.

Transfection of small interfering RNA (siRNA). FLSs were 
transiently transfected with siRNA that targeted endocan 
(Bioneer Co. Ltd.) in Lipofectamine 2000 (Gibco), according 
to the manufacturer's instructions. Briefly, siRNA (1 µg) 
for endocan (GenBank accession number NM_007036.3) 
was suspended in 100 µl Lipofectamine solution and mixed 
with an equal volume of serum-free DMEM (Gibco). The 
mixture was added to 5x105 FLSs cultured in 100-mm dishes. 
(BD Biosciences, Franklin Lakes, NJ, USA) Control siRNA 
was used as a negative control. Following 6 h of incubation, the 
transfected cells were washed twice with phosphate-buffered 
saline, replenished with fresh medium and grown under IL-1β 
stimulation (10 ng/ml) for 24 h. The knockdown of endocan 
was determined by reverse transcription PCR. Three indepen-
dent experiments using the synovial cells of one patient with 
RA were performed in quadruplicate.

Cell migration and invasion assays. Migration and invasion 
were examined by Transwell assay using a CytoSelectTM 
24-Well kit (Cell Biolabs, Inc., San Diego, CA, USA), according 
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to the manufacturer's instructions. For the migration assay, 
briefly, the inner chambers of the transwells containing poly-
carbonate membrane inserts were seeded with 0.3 ml synovial 
cells (0.6x105 cells/well) that were transfected with endocan 
siRNA or control siRNA. Media containing 10% fetal bovine 
serum (Sigma-Aldrich St. Louis, MO, USA) was added to the 
lower well of the migration plate. IL-1β was added to the upper 
well containing the cells which were activated with IL-1β for 
24 h. The migrated cells were stained with a cell staining 
solution and extracted with an extraction solution (both Cell 
Biolabs, San Diego, CA, USA) according to the manufacturer’s 
instructions. The optical density of the extracted solution 
was measured at 560 nm using an Emax Microplate Reader 
(Molecular Devices, Sunnyvale, CA, USA). For the invasion 
assay, the kit required a 24-well plate containing polycarbonate 
membrane inserts; the upper surface of the insert membrane 
was coated with a uniform layer of dried basement membrane 
matrix solution. This basement membrane layer served as a 
barrier to discriminate invasive from non-invasive cells. The 
invasion assay was performed simultaneously using an iden-
tical protocol to that used for the migration assay but with a 
different insert.

Histopathology. Specimens were fixed in 10% buffered 
formalin (DNA Korea, Incheon, Korea), processed routinely 
and embedded in paraffin. Sections (4 µm) of paraffin 
blocks were cut and subsequently stained with hema-
toxylin and eosin (H&E) and immunohistochemical stain. 
Immunohistochemical staining was performed in a Bond-Max 
automated slide stainer (Leica Microsystems, Newcastle, UK) 
using monoclonal mouse endocan/ESM-1 antibody (1/5,000; 
LIA-0901, Lunginnov, Lille, France). Antigens (Leica 
Microsystems) were retrieved with epitope retrieval solution 1 
(Leica Microsystems). Slides were incubated with the antibody 
at room temperature for 20 min and subsequently incubated 
with a biotinylated secondary antibody for 8 min. The resulting 
complexes were detected using avidin-peroxidase conjugate 
polymer. Color was developed using 3,3'-diaminobenzidine 
(ScyTek, Logan, UT, USA). Mayer's hematoxylin (Leica 
Microsystems) was used as a counterstain. Positive and nega-
tive control staining were used. For the evaluation of endocan 

and VEGF expression, the area of cytoplasmic staining was 
determined as a percentage and scored as follows: 1, staining 
in <10% of cells; 2, staining in 10-50% of cells and 3, staining 
in >50% of cells.

Statistical analysis. The in vitro experimental data were 
expressed as the mean ± standard error of the mean (SEM) 
of quadruplicate samples. Differences between groups were 
assessed using repeated analysis of variance followed by the 
Dunnett multiple comparison test. The degree of inflamma-
tion observed in H&E-stained sections, mRNA expression 
levels determined by PCR and the cell migration and inva-
sion tests in endocan siRNA-transfected cells were compared 
between groups with the Mann-Whitney U test. Prism soft-
ware 5.02 (GraphPad Software, Inc., San Diego, CA, USA) 
was used for statistical analysis and graphing. P<0.05 was 
considered to indicate a statistically significant difference 
between values.

Results

Increased expression of endocan and VEGF in inflammatory 
arthritic joints. Synovial tissues from patients with RA (n=3) 
and OA (n=10) were immunohistochemically stained with 
antibodies to endocan and VEGF in order to examine their 
expression in arthritic joints. Endocan expression was detected 
in vascular endothelial cells, infiltrated lymphocytes and 
proliferating synovial cells in synovial tissues of RA (Fig. 1A). 
Based on synovial tissues from three RA patients, expression 
of endocan in synovial cells was correlated with the degree 
of inflammation, though its expression remained unaltered in 
vessels regardless of the degree of inflammation. Similarly, 
VEGF expression was also detected in these cells; however, 
endocan expression in RA synovial cells was markedly 
higher than that of VEGF. Subsequently, to evaluate endocan 
and VEGF expression in synovial tissues of OA patients and 
determine their association with the degree of inflammation, 
OA synovial tissues (n=10) were divided into mild, moderate, 
and severe groups according to the degree of inflammation 
observed. The degree of inflammation was evaluated by the 
number of infiltrated immune cells, based on a relative degree 

Table I. The sequence of polymerase chain reaction primers used in this experiment.

Primer name Primer sequence Product size

MMP-1 sense 5'-CCT AGC TAC ACC TTC AGT GG-3'  338 bp 
MMP-1 antisense 5'-GCC CAG TAC TTA TTC CCT TT-3' 
MMP-13 sense 5'-TTG AGG ATA CAG GCA AGA CT-3'  311 bp
MMP-13 antisense 5'-TGG AAG TAT TAC CCC AAA TG-3' 
MMP-2 sense 5'-ACT TCA GGC TCT TCT CCT TT-3' 288 bp
MMP-2 antisense 5'-TTC AGA CAA CCT GAG TCC TT-3' 
Endocan sense 5'-TGC CTG AAA TTC CCC TTC TT-3' 152 bp
Endocan antisense 5'-TTC CTC ATT ACG GGA GAC CC-3' 
β-actin sense 5'-TCA TGA GGT AGT CAG TCA GG-3' 305 bp
β-actin antisense 5'-CTT CTA CAA TGA GCT GCG TG-3' 

MMP, matrix metalloproteinase.
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of inflammation. The endocan expression levels in OA tissues 
with moderate and severe inflammation were approximately 
two-fold higher than those of tissues with mild inflammation. 
Similarly, VEGF expression was higher in tissues exhibiting 
moderate and severe inflammation; however, this had no 
statistical significance (Fig. 1B). These results suggested that 
endocan expression was significantly upregulated in inflamed 
arthritic synovial tissues.

Comparison of endocan and VEGF expression in endothe-
lial cells and FLSs under pro-inflammatory stimulation. To 
further provide indirect evidence of the expression patterns 
of endocan and VEGF in arthritic tissues, two gene expres-
sion patterns in cultured endothelial cells and FLSs under 
pro-inflammatory stimulation were investigated in vitro by 
PCR. The endocan gene was constitutively expressed in 
cultured endothelial cells, and its expression was not signifi-
cantly increased in response to IL-1β (0.1-1 ng/ml) (Fig. 2A). 
By contrast, VEGF expression was significantly increased 
following IL-1β stimulation in endothelial and synovial 
cells. Consistent with the observed RNA expression levels, 
endocan protein was constitutively expressed in cultured 
endothelial cells and its expression levels (mean ± SEM) 
were not increased in response to stimulation with 1 ng/ml 
IL-1β (67.44±3.31 ng/ml vs. 54.63±2.75 ng/ml) (Fig. 2B). 

However, the protein expression levels of endocan in syno-
vial cells in response to IL-1β (1 ng/ml) were increased 
~5-fold compared to those with no stimulation (0.58±0.04 
vs. 0.12±0.01 ng/ml). The relative protein expression levels 
of endocan in endothelial cells were ~100-fold greater than 
those of FLSs (54.63±2.75 vs. 0.58±0.04 ng/ml); however, 
IL-1β significantly increased the expression of endocan in 
synovial cells (Fig. 2B). Conversely, the relative VEGF protein 
expression levels in synovial cells were ~30-fold higher than 
those in endothelial cells (89.94±3.29 vs. 3.12±0.34 pg/ml), 
although IL-1β stimulation induced VEGF expression in 
both cell types. These results suggested that endocan was 
mainly produced in endothelial cells and partly produced in 
synovial cells of arthritic joints under inflammatory stimula-
tion, whereas VEGF was produced equally in both cell types.

Effect of adiponectin on the expression of endocan in syno-
vial cells. In previous studies by our group, adiponectin was 
shown to have an important function in angiogenesis, as it 
was a potent stimulant of VEGF in synovial cells, similarly 
to IL-1β (13). Therefore, the stimulatory effect of adiponectin 
on endocan expression in arthritic joints was investigated. 
FLSs and endothelial cells were stimulated with adiponectin 
or IL-1β (Fig. 3). The expression pattern of endocan was 
compared in three different cell types. Endocan expression 

Figure 1. Expression of endocan and VEGF in synovial tissues of joints with RA or OA. (A) Expression of endocan and VEGF in arthritic tissues of RA patients 
(n=3) was evaluated by immunohistochemistry. The arrows indicate significant expression of endocan or VEGF in the synovium and vessels. (B) Expression 
levels of endocan and VEGF were compared in the arthritic tissues of OA patients (n=10), which were divided into three groups depending on the degree of 
inflammation; mild, moderate or severe. On the graph, the expression values of endocan and VEGF in OA arthritic tissues are expressed as the mean ± standard 
error of the mean. *P<0.05; NS, not significant. VEGF, vascular endothelial growth factor; RA, rheumatoid arthritis; OA, osteoarthritis; H&E, hematoxylin 
and eosin. 
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Figure 2. Comparative expression of endocan and VEGF in endothelial cells and fibroblast-like synoviocytes under pro-inflammatory stimulation. 
Endothelial cells and synovial cells were stimulated with IL-1β (0.1 or 1 ng/ml). Levels of endocan and VEGF were evaluated by (A) semi-quantitative 
polymerase chain reaction and (B) ELISA. The data are representative of three independent experiments, each performed in quadruplicate. Values are 
expressed as the mean ± standard error of the mean. *P<0.05; **P<0.01 compared with untreated cells. VEGF, vascular endothelial growth factor; IL-1β, 
interleukin-1 β. 

Figure 3. Effect of adiponectin on endocan expression in synovial cells. Endothelial and synovial cells were stimulated with IL-1β (0.1 or 1 ng/ml) or 
adiponectin (1 or 10 µg/ml). Expression levels of endocan were evaluated by (A) polymerase chain reaction and (B) ELISA. Data shown are representa-
tive of three independent experiments, each performed in quadruplicate. *P<0.05; **P<0.01 compared with untreated cells. IL-1β, interleukin-1 β; adipo, 
adiponectin.
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in adiponectin (10 µg/ml)-stimulated synovial cells was 
~4-fold and ~3-fold higher than in IL-1β-stimulated cells at 
concentrations of 0.1 and 1 ng/ml, respectively. Considering 
the physiological concentrations of IL-1β (<0.1 ng/ml) and 
adiponectin (1-10 µg/ml) in joint fluids, adiponectin is more 
likely to be significantly involved in the production of endocan 
in synovial cells. However, endocan expression was not 
stimulated by adiponectin in endothelial cells. In addition, the 
expression of VEGF and endocan in osteoblasts was stimulated 
by adiponectin in a similar pattern to that of synovial cells 
(data not shown). These results suggested that endocan was 
constitutively expressed in endothelial cells, and that adipo-
nectin was a more potent stimulant of endocan production 
in synovial cells and osteobalsts than IL-1β at physiological 
concentrations.

Endocan gene knockdown by siRNA inhibits the invasiveness 
and migration of synovial cells. To provide insight into the role 
of the endocan gene in synovial cell migration and invasion 
in arthritic joints, the gene was silenced in vitro by siRNA 
transfection. Matrix metalloproteinase (MMP) genes, which 
are associated with invasion and migration, were analyzed 
for mRNA expression levels in endocan gene-silenced 
synovial cells (Fig. 4A). Gene levels of collagenase (MMP-1 

and MMP-13) and gelatinase (MMP-2) were investigated by 
RT-PCR. As indicated in Fig. 4A, mRNA levels of MMP-1 
and MMP-2 were not significantly altered, but MMP-13 
levels were significantly decreased in cells transfected with 
endocan siRNA and treated with IL-1β (10 ng/ml) for 24 h. 
Subsequently, the effects of endocan gene knockout on 
the invasion and migration of FLSs were investigated. As 
demonstrated in Fig. 4B, endocan gene silencing significantly 
decreased cell migration and invasion of FLSs under inflam-
matory conditions. These results suggested that the endocan 
gene may have an important role in FLSs in mediating the 
pannus invasion of cartilage and bone in arthritic joints.

Discussion

In the current study, we hypothesized that the previously 
reported physiological roles of endocan in tumors were 
involved in the pathogenesis and progression of RA. In partic-
ular, endocan was reported to be involved in angiogenesis 
and tumor invasion (15,16). RA is characterized by excessive 
angiogenesis, which may be essential in the pathogenesis of 
the disease (17). Furthermore, the pannus tissue in RA joints 
exhibits aggressive, tumor-like growth and invades and erodes 
the surrounding cartilage and subchondral bones (18). Thus, 

Figure 4. Role of the endocan gene on the invasion and migration of synovial cells from a patient with rheumatoid arthritis. (A) Levels of MMP expression 
determined by reverse transcription polymerase chain reaction in endocan gene-silenced synovial cells through endocan siRNA transfection. (B) Cell migra-
tion and invasion assay in endocan gene-silenced synovial cells. Synovial cells were transfected with control or endocan siRNA and stimulated with IL-1β 
(10 ng/ml). Data are representative of three independent experiments. Values are expressed as the mean ± standard error of the mean. *P<0.05. siRNA, small 
interfering RNA; IL-1β, interleukin-1 β; MMP, matrix metalloproteinase. 
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the present study investigated whether endocan expression 
was increased in arthritic tissues. Immunohistochemistry 
revealed that its expression was increased in severe inflamma-
tory arthritic tissues. The increased expression of endocan in 
arthritic joints may be responsible for excessive angiogenesis 
and pannus invasion as well as in the recruitment of circulating 
lymphocytes to inflammatory sites and leukocyte adhesion 
and activation (9).

Subsequently, which cells in arthritic joints are mainly 
responsible for the production of endocan and how they are 
regulated by inflammatory stimuli was examined. The results 
suggested that endocan was mainly produced in the endothelial 
cells of arthritic joints, even following inflammatory stimula-
tion. Endocan was previously reported to be preferentially 
expressed in the tumor endothelium in vivo, which supported 
this result (19). VEGF is an important factor that stimulates 
endocan expression in the endothelium (15). Furthermore, 
endocan secretion was significantly increased in response to 
TNF-α, and the spontaneous and TNF-α-induced secretion 
of endocan-1 was inhibited by interferon-γ (20). However, the 
results of the present study indicated that endocan expression 
was not significantly increased in response to IL-1β (1 ng/ml). In 
addition, endocan expression was elevated in bronchial and renal 
epithelia (20). Adipocytes, which actively produce endocan (21), 
also increased their endocan expression in response to phorbol 
ester, an activator of protein kinase C, and retinoic acid (22). 
In the present study, synovial cells significantly increased the 
expression of endocan in response to inflammatory stimuli, 
including IL-1β. Meanwhile, adiponectin, an adipokine, was 
involved in the pathogenesis and progression of arthritis in 
joints. Thus, the role of adiponectin in the stimulation of 
endocan expression in arthritic joints was studied. To the best 
of our knowledge, the present study was the first to describe the 
effect of adiponectin on the expression of endocan.

To evaluate the role of endocan in arthritic joints, the endocan 
gene was knocked down by endocan siRNA in FLSs. Consistent 
with previous results in other cell types (10), endocan silencing 
in FLSs decreased the levels of cell migration and invasion in 
in vitro assays. The results of the present study indicated that 
the decrease in cell migration and invasion may be associated 
with downregulation of the MMP-13 gene caused by endocan 
silencing, similar to results observed in a previous study (23).

In conclusion, to the best of our knowledge, the present 
study indicated, for the first time, that endocan expression 
was detected in arthritic joint tissues and that the expression 
was higher at severe inflammatory sites than at mild inflam-
matory sites. Therefore, endocan may be involved in synovial 
cell migration and invasion of pannus tissue in arthritic joints. 
The expression regulation of endocan and its major sources in 
arthritic joints remain to be further investigated. Furthermore, 
in order to present a potential therapeutic target against 
rheumatoid arthritis, the in vivo role of endocan should be 
investigated in animal models of arthritis through knockout of 
the endocan gene.
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