
Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition

Bratisl Lek Listy 2015; 116 (3)

147 – 149

DOI: 10.4149/BLL_2015_029

CLINICAL STUDY

Soluble P-selectin glycoprotein ligand – a possible new target 
in ulcerative colitis
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Abstract: Background: The main characteristic of active infl ammatory bowel disease (IBD) is the neutrophil 
infi ltration into the intestinal lamina propria, where neutrophils usually do not reside. Selectins are cell surface 
glycoproteins responsible for binding the leukocytes to vascular cells and their extravasation into the surround-
ing tissue. They show high affi nity to P-selectin glycoprotein ligand-1 (PSGL-1) receptors. PSGL-1 is expressed 
on the surface of all leukocytes and they mediate the rolling of neutrophils on P-selectin. Soluble PSGL-1 acts 
competitively with cellular PSGL in many physiological and pathological processes.
The aim of our study was to compare serum sPSGL-1 concentration in the blood of patients with ulcerative 
colitis (UC) and healthy control subjects. 
Methods: Serum concentrations of sPSGL-1 were measured in 20 patients with UC and 20 control subjects. 
Two-layer immunoenzyme procedure (ELISA) was used.
Results: The mean (± standard deviation) serum concentrations of sPSGL-1 in patients with UC and controls 
were 349.97±75.40 U/mL and 284.39±52.40 U/mL, respectively (p=0.003).
Conclusion: In the present study, we showed that patients with UC had signifi cantly higher sPSGL-1 blood val-
ues in comparison with healthy subjects. A short-term blockade with anti-PSGL-1 antibodies could block the 
transport of neutrophils and decrease UC activity. Thus it could possibly be employed in a new therapeutic ap-
proach to the treatment of UC (Fig. 1, Ref. 25). Text in PDF www.elis.sk.
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Introduction

Ulcerative colitis (UC) is an infl ammatory bowel disease 
(IBD) of unknown etiology; however, aberrant intestinal mucosal 
immune responses seem to play a role in the course of the disease 
(1). According to a hypothetical model of IBD pathogenesis in 
genetically predisposed individuals, some factors, both exogenous 
(infection, luminal bacteria) and endogenous (membranous role, 
blood supply, neurons) stimulate the mucosal immune response 
characterized by tissue infl ammation and destruction (2–5).

In IBD, the expression of adhesion receptors on endothelial 
cells is increased, which facilitates the neutrophils to enter the 
intestinal lamina propria (6).

The main characteristic of active IBD is the neutrophil infi ltra-
tion into intestinal lesions (7). Stimulated by chemotactic media-
tors (interleukin (IL)-8, leukotriene B4 and others), the neutrophils 
migrate from the blood into the intestinal lamina propria, where 
they usually do not reside. After entering the tissue, neutrophils 
become exposed to IL-1, tumor necrosis factor (TNF)-α, granu-

locyte-macrophage colony-stimulating factor (GM-CSF) or lipo-
polysaccharides (LPS) and abundantly produce reactive oxygen 
species. Even the extracellular matrix itself may induce the acti-
vation of neutrophils, which then actively penetrate through the 
epithelium into and out of the intestinal lumen (6–16). Neutrophils 
are agents most responsible for tissue damage in IBD while their 
role, especially in UC, has not been suffi ciently investigated (6, 16).

Selectin family, i.e. P-, E- and L-selectins, belong to cellular 
adhesion molecules. They are cell surface glycoproteins respon-
sible for initial binding of leukocytes to the vascular endothelial 
cells and their consequent rolling along the endothelium and ex-
travasation into the surrounding tissue (17).

L-selectin is expressed on leukocyte surfaces, whereas P- and 
E-selectins are expressed on activated endothelial cells. P-selectin 
is also expressed on activated platelets (18). 

Selectins are involved in migration of neutrophils, monocytes, 
T lymphocytes, and platelets. Selectin or selectin ligand defi ciency 
results in recurrent bacterial infections and chronic disease (19).

Selectins loosely bind to sialyl-Lewis X (sLeX)-similar gly-
cans, but show high affi nity to P-selectin glycoprotein ligand-1 
(PSGL-1) receptors (17). PSGL-1 is a transmembrane receptor 
that forms homodimers via disulphide bonds. It consists of two 
identical glycoprotein chains of 120 kD.

PSGL-1 contains numerous sialylated, fucosylated O-linked 
oligosaccharide branches, many of which end in sLex epitope.
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In addition to fucose and sialic acid, PSGL-1 and P-selectin in-
teraction requires at least one tyrosine-sulphate at the amino-termi-
nal sequence. PSGL-1 is expressed on the surface of all leukocytes 
and they mediate the rolling of neutrophils on P-selectin. PSGL-1 
serves as a ligand for L-selectin in neutrophil-neutrophil interac-
tions (18, 20). In mice with deletion of the gene encoding PSG-1, 
the attraction of neutrophils to vascular wall is slowed down and 
moderate neutrophilia (triple increase) is present, which is similar 
to mice without the gene encoding P-selectin (19). Consequently, 
selectin or selectin ligand defi ciency results in recurrent bacte-
rial infections and chronic disease in both animals and humans.

There is a rare disease known as leukocyte adhesion defi ciency 
type II (LAD-II). Individuals with this disease carry a mutation 
of the gene encoding the fucose transporter, leading to ineffective 
incorporation of fucose into PSGL-1. Consequently, neutrophils 
do not migrate to the infection site and bacterial infl ammation thus 
remains constantly present (19).

Monoclonal Pt on PSGL-1 recognizes the epitope within the 
tyrosin-sulphate segment and blocks the recognition of P-selectin 
(21). Soluble PSGL-1 also has the ability to bind P-selectin and 
acts competitively with cellular PSGL in many physiological and 
pathological processes.

The inhibition of thrombocyte-leukocyte binding with recom-
binant SGL-1 Ig (ligand with high affi nity to P-selectin) has shown 
benefi cial effects in animal models of carotid angioplasty by reduc-
ing signifi cantly the adhesion of neutrophils and platelets to the 
damaged arterial surfaces (22). Vowinkel et al (23) showed that 
the attraction of leukocytes and platelets to the infl amed colonic 
venules in mice with colitis induced by dextran sodium sulphate 
(DSS) were mutually associated and included in the interaction 
between P-selectin expressed on endothelial cells and platelets 
and PSGL-1 on the leukocyte and endothelial cell surfaces. The 
treatment with anti-PSGL-1 antibodies signifi cantly reduced the 
infl ammation in DSS-induced colitis (23).

The aim of our study was to compare serum sPSGL-1 con-
centration in the blood of patients with UC and healthy control 
subjects. The sPGL-1 concentration was expected to be higher in 
the blood of patients with UC. 

Methods

The study was performed at the Split University Hospital 
Center from June to December 2012 and included patients with 
UC who underwent colonoscopy and had histological evidence 
of UC. Two patients were excluded due to corticosteroid and im-
munobiological forms of therapy. The study group included 20 
patients (9 men and 11 women) aged between 19 and 65 (median, 
42 years). Of them, 19 patients were taking aminosalicylic acid 
(ASA) preparations. The control group consisted of 20 healthy 
volunteers (18 men and 2 women) without the history of gastro-
intestinal diseases, who were recruited from blood donors aged 
between 21 and 64 years (median, 38.5 years).

Blood samples were collected from patients with UC and 
healthy controls and stored after centrifugation at −20 °C un-
til analysis. The sandwich enzyme-linked immunosorbent assay 

(ELISA) was performed on a semiautomatic mini-Boss analyzer 
(Biomedica Medizinprodukte GmbH, Vienna, Austria) in order to 
quantitatively determine the serum concentration.

Serum sPSGL-1 concentration measured by ELISA was de-
termined from the standard curve using standards with known 
concentration (from 1.6 to 50 U/ml). According to the manufac-
turer, the assay sensitivity is less than 1.0 U/ml. Human sPSGL-1 
Platinum ELISA (eBioscience) tests were used, and serum samples 
were stored at −20 °C until analysis.

Statistical analysis
Statistically signifi cant difference in sPSL-1 concentration 

between patients with UC and healthy controls was analyzed 
with Student t-test. The results were presented as mean ± standard 
deviation (SD). The level of signifi cance was set at p < 0.05. All 
analyses were performed with Statistical Package for Social Sci-
ences 17.0 (SPSS Inc., Chicago, IL, USA).

Results

The mean (± standard deviation) serum concentrations of sPS-
GL-1 in patients with UC and healthy controls were 349.97 ± 75.40 
U/mL and 284.39 ± 52.40 U/mL, respectively (p = 0.003) (Fig. 1).

Discussion

Neutrophils are the most responsible for tissue damage in IBD. 
Neutrophil membranes contain selectins, while PSGL-1 binds to 
selectins located on neutrophil, thrombocyte, and endothelial cells, 
and partly on lymphocytes. Monocytes and endothelial cells also 
express PSGL. PSGL-1 molecules can also be found circulating 
freely in the blood, having the same biological role. As a result of 
these interactions, the fl ow of neutrophils through blood vessels 
is reduced, as well as their attraction to the vascular surface and 

Fig. 1. Serum P-selectin glycoprotein ligand-1 (sPSGL-1) concentration 
in patients with ulcerative colitis (UC) and healthy controls. Squares 
– arithmetic mean; whiskers – standard deviation.
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extravasation. The production of non-functional PSGL-1 molecule 
has been found in patients with a rare disease called leukocyte ad-
hesion defi ciency type II (LAD-II). These patients carry a mutation 
on gene encoding the fucose transporter, which leads to prolonged 
infl ammation (a consequence of inability of leukocytes to arrive to 
the infl ammation site). The benefi cial effects of selectin inhibition 
have so far been investigated in organ transplantation studies, pre-
vention of restenosis after angioplasty, and stent placement (19).

Brown (24) found that PSGL-1 defi ciency in mice alleviated 
DSS-induced colitis and reduced the number of CD4+ T lympho-
cytes and production of Th1 and T17 citokines. The administra-
tion of anti-PSGL-1 antibodies in mice reduced the total number 
of macrophages, dendritic cells, and B lymphocytes in the lamina 
propria, and decreased the expression of MHC-II on dendritic cells 
and macrophages (25).

In the present study, we showed that patients with UC had 
signifi cantly higher sPSGL-1 blood values in comparison with 
healthy subjects. A short-term blockade with anti- PSGL-1 anti-
bodies could block the transport of neutrophils and decrease UC 
activity; however, further studies are needed to investigate the 
possibility of employing these results in a therapeutic approach 
to the treatment of UC.

References

1. Rutgeerts P, Vermeire S, Van Assche G. Biological therapies for in-
fl ammatory bowel diseases. Gastroenterology 2009; 136: 1182–1197.

2. Tsianos EV, Katsanos K. Do we really understand what the immuno-
logical disturbances in infl ammatory bowel disease mean? World J Gas-
troenterol 2009; 15: 521–525.

3. Vucelić B. Infl ammatory bowel diseases. In: Vucelić B et al (Eds). 
Gastroenterology and liver diseases. Zagreb:  Medicinska naklada;  2002: 
723–727.

4. Macfarlane S, Steed H, Macfarlane GT. Intestinal bacteria and infl am-
matory bowel disease. Crit Rev Clin Lab Sci 2009; 46: 25–54.

5. Boden EK, Snapper SB. Regulatory T cells in infl ammatory bowel 
disease. Curr Opin Gastroenterol 2008; 24: 733–741.

6. Elson CO. The Immunology of Infl ammatory Bowel Disease. In:  
Kirsner JB (Ed). Infl ammatory bowel disease. Philadelphia:  W.B. Saun-
ders Company;  2000: 208–232.

7. Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the de-
velopment and function of CD4+CD25+ regulatory T cells. Nat Immunol 
2003; 4: 330–335.

8. Sakaguchi S. The origin of FOXP3-expressing CD4+ regulatory T cells:  
thymus or perifery. J Clin Invest 2003; 112: 1310–1312.

9. Maggi E, Cosmi L, Liotta F et al. Thymic regulatory T cells. Autoim-
mun Rev 2005; 4: 579–586.

10. Fantini MC, Becker C, Monteleone G et al. Cutting Edge:  TGF-β 
induces a regulatory phenotype in CD4+CD25- T cells through Foxp3 in-
duction and down-regulation of Smad7. J Immunol 2004; 172: 5149–5153.

11. Dekaris D, Kovač Z. Immune-mediated hypersensitivities. In:  Gamu-
lin S, Marušić M, Kovač Z (Eds). Pathophisiology. Zagreb:  Medicinska 
naklada;  2002: 456–470.

12. Maloy KJ, Powrie F. Regulatory T cells in the control of immune 
pathology. Nat Immunol 2001; 816–821.

13. Chinen J, Shearer WT. Advances in asthma, allergy and immunol-
ogy Series 2004. Basic and clinical immunology. J Allergy Clin Immunol 
2004; 114: 398–405.

14. Chinen J, Shearer WT. Basic and clinical immunology. J Allergy Clin 
Immunol 2005; 116: 411–418.

15. Shi HZ, Qin XJ. CD4+CD25+ regulatory T lymphocites in allergy 
and asthma. Allergy 2005; 60: 986–995.

16. Podolsky DK. Infl ammatory bowel disease. N Engl J Med 2002; 347: 
417–429.

17. Somers WS, Tang J, Shaw GD et al. Insights into the molecular basis 
of leukocyte tethering and rolling revealed by structures of P- and E-selectin 
bound to SLe(X) and PSGL-1. Cell 2000; 103: 467–479.

18. Yang J, Galipeau J, Kozak CA et al. Mouse P-selectin glycoprotein 
ligand-1:  molecular cloning, chromosomal localization, and expression of 
a functional P-selectin receptor. Blood 1996; 87: 4176–4186.

19. Ley K. The role of selectins in infl ammation and disease. Trends Mol 
Med 2003; 9: 263–268.

20. Kumar R, Camphausen RT, Sullivan FX et al. Core2 beta-1,6-N-
acetylglucosaminyltransferase enzyme activity is critical for P-selectin 
glycoprotein ligand-1 binding to P-selectin. Blood 1996; 88: 3872–3879.

21. Snapp KR, Ding H, Atkins K et al. A novel P-selectin glycoprotein 
ligand-1 monoclonal antibody recognizes an epitope within the tyrosine 
sulfate motif of human PSGL-1 and blocks recognition of both P- and L-
selectin. Blood 1998; 91: 154–164.

22. Bienvenu JG, Tanguay JF, Théorêt JF et al. Recombinant soluble 
p-selectin glycoprotein ligand-1-Ig reduces restenosis through inhibition 
of platelet-neutrophil adhesion after double angioplasty in swine. Circula-
tion 2001; 103: 1128–1134.

23. Vowinkel T, Wood KC, Stokes KY et al. Mechanisms of platelet and 
leukocyte recruitment in experimental colitis. Am J Physiol Gastrointest 
Liver Physiol 2007; 293: 1054–1060. 

24. Brown JB, Cheresh P, Zhang Z et al. P-Selectin glycoprotein ligand-1 
is needed for sequential recruitment of T-Helper 1 (Th1) and local gen-
eration of Th17 T cells in dextran sodium sulfate (DSS) colitis. Infl amm 
Bowel Dis 2012; 18: 323–332.

25. Nuñez-Andrade N, Lamana A, Sancho D et al. P-selectin glycopro-
tein ligand-1 modulates immune infl ammatory responses in the enteric 
lamina propria. J Pathol 2011; 224: 212–221.

Received November 28, 2013.
Accepted December 11, 2013.


