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Abstract: Ankylosing spondylitis (AS) is a chronic inflammatory disease with a high rate of disability. To find a proper 
prognosis marker is helpful for the treatment of AS. The purpose of this study was to investigate whether soluble 
P selectin (SP selectin) exerted effects on the prognosis of AS patients. Firstly, we detected the expression level of 
SP selectin in 85 AS patients and 60 normal subjects using quantitative real-time-polymerase chain reaction (QRT-
PCR) assay. The result demonstrated that SP-selectin was over expressed in AS patients compared with healthy 
controls and the difference was significant (P < 0.05). Chi-square test was used to estimate whether SP selectin 
was associated with clinicopathologic characteristics. The factors of stages (P = 0.002), HLA-B27 (P = 0.002), ESR 
(P = 0.001) and C-reactive protein (P = 0.000) were considered to be related to the expression of SP selectin, which 
indicated that SP-selectin might be involved in the development of AS. Besides, the prognosis of AS patients after 
treatment was explored and analyzed via Cox regression analysis. The analysis suggested that ESR and SP selectin 
both served as independent prognostic biomarkers for AS (HR = 2.069, 95% CI = 1.049-4.080; HR = 4.562, 95% CI 
= 1.766-11.784). Taken together, our study revealed that not only the level of SP selectin was upregulated, but also 
SP selectin could predict the prognosis of AS patients.
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Introduction

Ankylosing spondylitis (AS) is a complex multi-
factor disease characterized by inflammatory 
back pain which mostly strike young adults [1]. 
According to statistics, the morbidity rate of AS 
patients is approximately at 0.2%-1.2% [2]. The 
incidence of AS exhibits a phenomenon of 
familial aggregation, considerable geographi-
cal and ethnic variation [3]. AS may cause seri-
ous disability via affecting the spine and sacro-
iliac joints and the lesion is irreversible in spine 
sacroiliac, joint and hip [4, 5]. Until now, the 
survival situation of AS patients was difficult to 
control and there was still no effective treat-
ment for them. Therefore, to find out a prognos-
tic biomarker for AS will help for improving the 
survival rates of the patients.

Soluble P selectin (SP selectin) is a soluble 
form of the P selectin which is considered as a 
plasma markers for platelet activation and 

localizes in the membranes of the α-granules of 
platelets [6, 7]. Studies have confirmed that the 
expression of SP selectin is closely related to a 
variety of thrombotic and cardiovascular dis-
eases [8, 9]. Increased expression of SP selec-
tin has been found in several diseases includ-
ing inflammatory disease [10-13]. However, the 
effect of SP selectin on pathogenesis of AS is 
still not clear.

In this study, we detected the expression of 
SP-selectin in AS patients and healthy controls 
and then investigated whether SP-selectin 
could predict the prognosis of AS patients.

Materials and methods

Sample collection

The study was conducted with 85 AS patients in 
Luoyang Orthopedic Hospital and approved by 
the council of ethics of the hospital. The classi-
fication of AS patients was based on the modi-
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fied New York criteria of 1984 [14]. The diag-
nosed AS patients including 39 males and 46 
females aging from 18 to 79 were enrolled. 
Patients who suffered from heart, brain, liver, 
kidney diseases or rheumatism were excluded. 
All the patients hadn’t received any form of 
treatment prior to surgery. Then unified treat-
ments were performed on 85 AS subjects and 
the assay of curative effect was determined to 
evaluate the survival situation for AS patients. 
We considered above 30% improvement of clin-
ical symptoms as effective treatment. 60 
healthy people matched with age and gender 
were obtained as healthy controls. All participa-
tors signed informed consent in advance.

The serum samples were extracted from the 
patients and healthy controls, then put into 
EDTA blood collection tube immediately, and 
lastly stored at -80°C for RNA extraction.

Quantitative real-time-polymerase chain reac-
tion (QRT-PCR)

RNA was isolated from serum using RNApure 
Blood Kit (Tiangen, Beijing, China) according to 
the manufacturer’s instruction. Reverse tran-
scription was performed to synthesize cDNA. 
Then real-time PCR reaction was carried out to 
measure the expression of SP selectin in the 
Applied Biosystems 7900 Fast Real-Time PCR 
system (Applied Biosystems, Foster, California, 
USA) with an internal control of GAPDH gene. 
The expression level of SP selectin was calcu-
lated with the 2-ΔΔct method. All the experiments 
were conducted in triplicate.

Follow-up analysis

A 5-years follow-up was implemented to esti-
mate the prognostic value of SP-selectin in AS 
patients. The follow-time began from the day 
that patients received treatment to the time 
that the condition altered. The clinicopatholog-
ic characteristics including the onset age, dis-
ease duration, gender, stages, HLA-B27, ESR, 
and C-reactive protein were recorded ahead of 
time. The follow-up information was updated 
every three months and obtained via a tele-
phone or questionnaire.

Statistical analysis

SPSS 20.0 software (SPSS Inc., Chicago, USA) 
was used to operate the statistical analyses. 
Differences of SP selectin expression at mRNA 
level between two groups were compared by 
students’ t test. The association of SP selectin 
expression and clinicopathologic characteris-
tics were analyzed through χ2 test. Prognostic 
value of SP selectin for AS was assessed via 
Cox regression analysis.

Results

Expression of SP selectin in AS patients and 
healthy controls

QRT-PCR assay was taken to evaluate the 
expression of SP selectin at mRNA level in 85 
AS patients and 60 healthy controls. The result 
demonstrated that SP selectin expression in AS 
patients was significantly higher than that in 
healthy individuals (4.389 ng/ml vs. 2.149 ng/
ml, P < 0.001), as displayed in Figure 1.

Association between SP selectin and clinico-
pathologic characteristics

In the study, AS patients were divided into two 
groups: high SP selectin expression group (SP 
selectin-high, n = 47) and low SP selectin 
expression group (SP selectin-low, n = 38). As 
displayed in Table 1, SP selectin expression of 
AS patients was influenced by the stages (P = 
0.002), HLA-B27 (P = 0.002), ESR (P = 0.001), 
and C-reactive protein (P = 0.000), while it has 
no relationship with the onset age (P = 0.643), 
gender (P = 0.530), and disease duration (P = 
0.685).

Prognostic role of SP selectin for AS patients

Among the 85 patients, 65 patients were 
defined as the elevated SP selectin expression 

Figure 1. SP selectin was over-expression in AS pa-
tients compared with healthy subjects. QRT-PCR was 
performed to measure the expression levels of SP 
selectin between patients and healthy controls. A 
value of P < 0.05 was considered to be statistically 
significant.
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group (higher than the upper limit of healthy 
people) and 20 patients belonged to the nor-
mal SP selectin expression level (lower than the 
upper limit of healthy subjects), then the follow-
up was conducted with two groups. 6 months 
later, AS patients with high SP selectin level 
exhibited worse therapeutic effect compared 

as an adhesion molecular which is confirmed to 
play an important role in inflammatory foci [18]. 
AS was reported to be associated with micro-
vascular dysfunction such as atherosclerosis 
[19]. However, the relationship between elevat-
ed circulating cell adhesion molecules (CAMs) 
including platelet activation markers such as 

Table 1. Association of SP selectin expression and clinicopathologic 
characteristics in AS patients

Pathological parameters Cases
SP selectin expression

P
High expression Low expression

Onset age 0.643
    ≤ 16 28 17 11
    16-25 32 18 14
    > 25 25 12 13
Gender 0.530
    male 39 23 16
    female 46 24 22
Disease duration (years) 0.685
    ≤ 2 20 12 8
    2-10 42 24 18
    > 10 23 11 12
Stages 0.002
    I+II 59 26 33
    III+IV 26 21 5
HLA-B27 0.002
    positive 75 46 29
    negative 10 1 9
ESR (mm/hr) 0.001
    > 30 41 30 11
    < 30 44 17 27
C-reactive protein 0.000
    positive 48 38 10
    negative 37 9 28

Table 2. Relationship of SP selectin and therapeutic effects
Groups Cases Cases of effectiveness P
Elevated SP selectin 65 36 0.019
Normal SP selectin 20 17

Table 3. Prognostic value of SP selectin and clinicopathologic charac-
teristics according to Cox regression analysis
Pathological parameters HR 95% CI P

SP selectin
Low expression - - -
High expression 4.562 1.766-11.784 0.002

ESR
< 30 - - -
> 30 2.069 1.049-4.080 0.036

with those with normal SP 
selectin level (P = 0.019) 
(Table 2). Hence, we spec-
ulated that higher expres-
sion of SP selectin con-
tributed to the deteriora-
tion of AS patients.

Multivariate analysis acc- 
ording to Cox regression 
analysis showed that ESR 
(HR = 2.069, 95% CI = 
1.049-4.080, P = 0.036), 
and SP selectin expres-
sion (HR = 4.562, 95% CI 
= 1.766-11.784, P = 
0.002) were independent 
prognostic markers for AS 
(Table 3).

Discussion

AS is a chronic inflamma-
tory rheumatic disease 
with a prevalence ranging 
from 0.1% to 0.9% [15, 
16]. The diagnosis time is 
often late. The time inter-
val between symptom 
onset and diagnosis is 
about 5 to 8 years [17]. 
Besides, the new bone 
formation in the progress 
of AS could cause defor-
mity and disability, which 
seriously affects people’s 
lives. In addition to early 
diagnosis, to improve the 
survival situation of AS 
patients is also important 
for curing the disease. 
Until now, the studies 
have explored many prog-
nostic markers for AS and 
genes were the mostly 
studied ones.

SP selectin, a member of 
P selectin family, is known 
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P-selectin and the pathogenesis of atheroscle-
rosis had been shown, the link between SP 
selectin and AS was still obscure [20, 21].

In the present study, we detected the expres-
sion of SP selectin in AS patients and controls. 
Namely, the expression of SP selectin was high-
er in AS patients than in healthy controls which 
hinted SP selectin might affect the occurrence 
of AS. To further verify whether SP selectin par-
ticipate the development of AS, the association 
between SP selectin and clinicopathologic 
characteristics was analyzed. The outcome 
proved that the expression of SP selectin was 
influenced by the stages, HLA-B27, ESR, and 
C-reactive protein.

Another interesting finding was that the level of 
SP selectin could influence overall survival of 
AS patients in our study. Besides, the prognos-
tic value of SP selectin had been reported in 
several malignancies such as acute coronary 
syndrome, colorectal cancer, chronic conges-
tive heart failure, presumed myocardial isch-
emia, severe trauma and rheumatoid arthritis 
in previous studies [13, 22-25]. So we per-
formed a Cox regression analysis to estimate 
the prognostic value of SP selectin in AS. As a 
result, ESR and SP selectin were considered as 
impact factors in the prognosis of AS and they 
might also be an independent prognostic 
marker.

In summary, SP selectin is over expressed in AS 
patients and it may be involved in the develop-
ment of AS. As respect to its prognostic value, 
our findings provided some evidences for infer-
ring that it acts as a prognostic marker. 
However, how the SP selectin functions in the 
development of AS and whether it is a prognos-
tic biomarker still needed to be further 
investigated.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Qiang Ding, Luo- 
yang Orthopedic Hospital of Henan Province, 
Orthopedic Hospital of Henan Province, China. 
E-mail: qigngeding@yeah.net

References

[1]	 Helmick CG, Felson DT, Lawrence RC, Gabriel 
S, Hirsch R, Kwoh CK, Liang MH, Kremers HM, 

Mayes MD, Merkel PA, Pillemer SR, Reveille JD 
and Stone JH. Estimates of the prevalence of 
arthritis and other rheumatic conditions in the 
United States. Part I. Arthritis Rheum 2008; 
58: 15-25.

[2]	 Sieper J, Rudwaleit M, Khan MA and Braun J. 
Concepts and epidemiology of spondyloarthri-
tis. Best Pract Res Clin Rheumatol 2006; 20: 
401-417.

[3]	 Reveille JD, Ball EJ and Khan MA. HLA-B27 and 
genetic predisposing factors in spondyloar-
thropathies. Curr Opin Rheumatol 2001; 13: 
265-272.

[4]	 Castro-Santos P, Gutierrez MA and Diaz-Pena 
R. [Genetics of ankylosing spondylitis]. Rev 
Med Chil 2014; 142: 1165-1173.

[5]	 Van der Linden JM, De Ceulaer K, Van 
Romunde LK and Cats A. Ankylosing spondyli-
tis without HLA B27. J Rheumatol Suppl 1977; 
3: 54-56.

[6]	 Blann AD and Lip GY. The endothelium in ath-
erothrombotic disease: assessment of func-
tion, mechanisms and clinical implications. 
Blood Coagul Fibrinolysis 1998; 9: 297-306.

[7]	 Woollard KJ and Chin-Dusting J. P-selectin an-
tagonism in inflammatory disease. Curr Pharm 
Des 2010; 16: 4113-4118.

[8]	 Katayama M, Handa M, Araki Y, Ambo H, Kawai 
Y, Watanabe K and Ikeda Y. Soluble P-selectin 
is present in normal circulation and its plasma 
level is elevated in patients with thrombotic 
thrombocytopenic purpura and haemolytic 
uraemic syndrome. Br J Haematol 1993; 84: 
702-710.

[9]	 Blann AD, Dobrotova M, Kubisz P and 
McCollum CN. von Willebrand factor, soluble 
P-selectin, tissue plasminogen activator and 
plasminogen activator inhibitor in atheroscle-
rosis. Thromb Haemost 1995; 74: 626-630.

[10]	 Roselli M, Mineo TC, Martini F, Mariotti S, 
Ambrogi V, Spila A, D’Alessandro R, Basili S, 
Guadagni F and Ferroni P. Soluble selectin lev-
els in patients with lung cancer. Int J Biol 
Markers 2002; 17: 56-62.

[11]	 Blann AD, Gurney D, Wadley M, Bareford D, 
Stonelake P and Lip GY. Increased soluble 
P-selectin in patients with haematological and 
breast cancer: a comparison with fibrinogen, 
plasminogen activator inhibitor and von 
Willebrand factor. Blood Coagul Fibrinolysis 
2001; 12: 43-50.

[12]	 Suzuki Y, Ohtani H, Mizoi T, Takeha S, Shiiba K, 
Matsuno S and Nagura H. Cell adhesion mole-
cule expression by vascular endothelial cells 
as an immune/inflammatory reaction in hu-
man colon carcinoma. Jpn J Cancer Res 1995; 
86: 585-593.

[13]	 Ferroni P, Roselli M, Martini F, D’Alessandro R, 
Mariotti S, Basili S, Spila A, Aloe S, Palmirotta 

mailto:qigngeding@yeah.net



 Expression and prognostic value of SP-selectin for ankylosing spondylitis

7276	 Int J Clin Exp Pathol 2015;8(6):7272-7276

R, Maggini A, Del Monte G, Mancini R, Graziano 
F, Cosimelli M and Guadagni F. Prognostic val-
ue of soluble P-selectin levels in colorectal 
cancer. Int J Cancer 2004; 111: 404-408.

[14]	 van der Linden S, Valkenburg HA and Cats A. 
Evaluation of diagnostic criteria for ankylosing 
spondylitis. A proposal for modification of the 
New York criteria. Arthritis Rheum 1984; 27: 
361-368.

[15]	 Braun J, Bollow M, Remlinger G, Eggens U, 
Rudwaleit M, Distler A and Sieper J. Prevalence 
of spondylarthropathies in HLA-B27 positive 
and negative blood donors. Arthritis Rheum 
1998; 41: 58-67.

[16]	 Saraux A, Guillemin F, Guggenbuhl P, Roux CH, 
Fardellone P, Le Bihan E, Cantagrel A, Chary-
Valckenaere I, Euller-Ziegler L, Flipo RM, Juvin 
R, Behier JM, Fautrel B, Masson C and Coste J. 
Prevalence of spondyloarthropathies in 
France: 2001. Ann Rheum Dis 2005; 64: 
1431-1435.

[17]	 Guillemin F, Briancon S, Pourel J and Gaucher 
A. Long-term disability and prolonged sick 
leaves as outcome measurements in ankylos-
ing spondylitis. Possible predictive factors. 
Arthritis Rheum 1990; 33: 1001-1006.

[18]	 Akin E, Aversa J and Steere AC. Expression of 
adhesion molecules in synovia of patients with 
treatment-resistant lyme arthritis. Infect 
Immun 2001; 69: 1774-1780.

[19]	 van Eijk IC, Peters MJ, Serne EH, van der Horst-
Bruinsma IE, Dijkmans BA, Smulders YM and 
Nurmohamed MT. Microvascular function is 
impaired in ankylosing spondylitis and im-
proves after tumour necrosis factor alpha 
blockade. Ann Rheum Dis 2009; 68: 362-366.

[20]	 Divecha H, Sattar N, Rumley A, Cherry L, Lowe 
GD and Sturrock R. Cardiovascular risk param-
eters in men with ankylosing spondylitis in 
comparison with non-inflammatory control 
subjects: relevance of systemic inflammation. 
Clin Sci (Lond) 2005; 109: 171-176.

[21]	 Wendling D, Racadot E, Auge B and Toussirot 
E. Soluble intercellular adhesion molecule 1 in 
spondylarthropathies. Clin Rheumatol 1998; 
17: 202-204.

[22]	 Berns SA, Shmidt EA, Kiprina ES, Klimenkova 
AV, Barbarash OL, Sin’kov MV, Moiseenkov GV 
and Barbarash LS. [Predictors of coronary ad-
verse events in patients with acute coronary 
syndrome with ST segment elevation treated 
with percutaneous coronary interventions with 
stenting]. Kardiologiia 2010; 50: 15-20.

[23]	 Yin WH, Chen JW, Jen HL, Chiang MC, Huang 
WP, Feng AN, Lin SJ and Young MS. The prog-
nostic value of circulating soluble cell adhe-
sion molecules in patients with chronic con-
gestive heart failure. Eur J Heart Fail 2003; 5: 
507-516.

[24]	 Hillis GS, Terregino C, Taggart P, Killian A, Zhao 
N, Dalsey WC and Mangione A. Elevated solu-
ble P-selectin levels are associated with an in-
creased risk of early adverse events in patients 
with presumed myocardial ischemia. Am Heart 
J 2002; 143: 235-241.

[25]	 Siemiatkowski A, Rogowski F, Wereszczynska-
Siemiatkowska U, Malinowska L and Borkowski 
J. Soluble selectin profiles associated with se-
vere trauma. Arch Immunol Ther Exp (Warsz) 
2001; 49: 317-324.


