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Background: We sought to determine the
association of plasma level of soluble
L-selectin (sL-selectin) and F206L polymor-
phism of L-selectin with asthma. Methods:
A total of 90 asthmatic patients and 90 sex-
and age-matched healthy controls were en-
rolled. The plasma level of sL-selectin was
measured by enzyme-linked immunosor-
bent assay (ELISA) method. An amplifica-
tion refractory mutation system polymerase
chain reaction was performed to detect
F206L polymorphism of L-selectin. Results:
The mean plasma levels of sL-selectin
was significantly higher in the patients with
asthma than the controls (2113 + 466 vs.
1664 + 322 ng/ml, P = 0.001). Logis-
tic regression analysis after adjustment for
age, sex, and body mass index demon-

strated that plasma levels of sL-selectin
are an independent biomarkers for asthma
(odds ratio [OR], 1.86; 95% confidence in-
terval [95% Cl], 1.42—2.24). The area under
the receiver operating characteristic (ROC)
curve for sL-selectin was 0.792, 95% ClI
(0.732-0.862), P = 0.0001. Individuals with
the minor homozygote of F206L polymor-
phism of L-selectin demonstrated a higher
level of sL-selectin than the major homozy-
gous (2319 + 732 vs. 1917 + 453 ng/ml,
P = 0.02). No association was found be-
tween F206L polymorphism of L-selectin
with asthma. Conclusion: Our study sug-
gests that plasma level of sL-selectin is an
independent biomarker for asthma. J. Clin.
Lab. Anal. 29:191-197,2015. ©2014 Wi-
ley Periodicals, Inc.
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INTRODUCTION

It is estimated that more than 300 million people world-
wide are affected with asthma (1). The prevalence of
asthma in the United States had increased from 7.3%
in 2001 to 8.4% in 2010, when 25.7 million persons were
affected (2). Asthma is a common chronic airway disor-
der characterized by periods of reversible airflow obstruc-
tion. Airflow is obstructed by inflammation and airway
hyperactivity (contraction of the smooth muscles sur-
rounding the airways) in reaction to certain exposures.
The airway inflammation is characterized by the influx
of lymphocytes, monocytes, and eosinophils into the air-
way and lung (3). The process of leukocyte migration
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occurs through complex and highly regulated interac-
tions between the circulating leukocytes and the vascu-
lar endothelium. Multiple families of adhesion molecules
as well as specific chemoattractants and their cognate
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receptors function to stabilize these interactions and in-
duce migration into the tissue.

L-Selectin (CD62L) plays an important role in leuko-
cyte adhesion, where it mediates the initial capturing and
tethering (4). L-selectin is constitutively expressed on all
normal naive T, B cells, leukocytes, and other subset of
natural killer cells (5). L-selectin contains a membrane-
proximal enzymatic cleavage site that results in the rapid
release of L-selectin from the cell surface following leuko-
cyte activation. Cleavage of L-selectin results in the pro-
duction of a soluble molecule that is functional in vivo (6).
Cleavage is also necessary for the maintenance of appro-
priate cell-surface L-selectin expression levels and normal
leukocyte migration (7).

There are two mutations in the L-selectin gene known
in humans resulting in amino acid exchange from threo-
nine to serine in the lectin domain at position 49 (T49S;
(8)) and from phenyloalanine to leucine in the epidermal
growth factor like (EGF) domain at position 206 (F20
6L; (9)). It has been suggested that mutations in the EGF
domain could also be relevant for ligand binding (8, 9).
It is logical to speculate that the abnormal binding func-
tion of L-selectin on lymphocytes (as a result of abnormal
L-selectin molecule conformation, caused by missense mu-
tations) could result in the impaired migration to areas of
inflammation in asthma.

Both plasma levels of soluble L-selectin (sL-selectin) and
F206L polymorphism of L-selectin have been implicated
in inflammatory diseases (10-15). However, the roles of
these two variables in asthma have not been determined.
In addition, our previous studies in an Iranian popula-
tion indicated that there is an association between in-
flammatory diseases (coronary artery diseases and brucel-
losis) and F206L polymorphism of L-selectin (14,15). The
present study was conducted to determine the association
of plasma levels of sL-selectin and F206L polymorphism
of L-selectin with asthma in a population from Hamadan
province of Iran. Our study demonstrated that plasma
levels of sL-selectin are elevated in asthmatic patients and
sL-selectin is an independent risk factor for asthma. How-
ever, based on our study, L-selectin F206L polymorphism
was not associated with asthma.

MATERIALS AND METHODS
Study Population

The present study was approved by the Research and
Ethics Committee of Hamadan University of Medical
Services. The patients with suspected bronchial asthma
before starting treatment were recruited from the out-
patient clinic in Shahid Beheshti hospital in Hamadan,
located in West part of Iran. In addition, previously di-
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agnosed asthmatic patients who did not receive any drug
therapy in the past 4 weeks were also selected. The in-
clusion criteria for all cases were bronchial asthma, and
the final diagnosis was confirmed through demonstrating
reversible airway obstruction. The participants were re-
quested to fill a questionnaire for identifying their demo-
graphic characteristics, asthma history, past medical his-
tory, nocturnal and diurnal clinical signs and symptoms.
In order to identify the bronchial asthma, a trained ob-
server assessed airway reversibility, peak flowmetry, and
spirometry in the asthmatic patients. At least three accept-
able maneuvers from American College of Chest Physi-
cians standards were required with the minimum of two
reproducible forced expiratory volumes in 1 sec (FEV1)
and forced vital capacity (FVC) maneuvers within 5%
of the best measurement required for each test (16). The
airway responsiveness was evaluated by a standardized
protocol and the airway reversibility was evaluated by
spirometry before and 15 min after inhalation of two puffs
of a B-adrenergic agonist (albuterol; (17)). Equal or more
than 12% increase in FEV1 (by at least 200 ml increase)
was diagnostic for bronchial asthma (17). Patients were
classified, based on the severity of illness, into mild persis-
tent asthma, moderate persistent, and severe persistent.
Severity is determined by a combination of physical as-
sessment and either the peak expiratory flow rate (PEFR),
or pulmonary score (18). The exclusion criteria were the
presence of any inflammatory and infectious diseases in
the past 2 weeks and history of recurrent infections, vi-
ral hepatitis, known collagen vascular diseases, autoim-
mune diseases, chronic obstructive lung disease (other
than bronchial asthma), myocardial infarction/unstable
angina, and being under any surgical procedures during
the previous month. Also, patients who previously used
inhaled steroid or systemic steroid within the past 4 weeks
and those who were active smokers were excluded from
the study. Ninety healthy individuals without any evidence
or family history of asthma were randomly selected from
the same geographical area through blood donor clinics as
control group. For a period of 45 days, consecutive donors
of number 5, 10, 15, and 20 in a day were asked whether
they are willing to participate in the study. The blood
was collected after filling the informed consent form by
the donor. The donors were selected if physical examina-
tion and medical history indicated that they do not have
asthma. One standardized method was used to collect
blood from both healthy individuals and patients with
asthma. The participants were not fasted but asked to
avoid heavy and fatty meals 2 hr before blood collection.
All subjects were of Iranian Caucasian origin. The body
mass index (BMI) was calculated by dividing the body
weight (in kilograms) by the height (in meters) squared
(BMI = weight/height?).



sL-Selectin Analysis

Blood samples were taken before any treatment for
bronchodilator was started. Peripheral venous blood sam-
ples were taken into 3.8% 1:9 trisodium citrate contain-
ing vacuum tubes without venous occlusion. The blood
samples were centrifuged immediately at 2,000 x g for
15 min and then the plasmas were stored in aliquots
at —70°C until assayed. sL-Selectin was measured us-
ing a sandwich enzyme-linked immunoassay following
the manufacturer’s instructions (ELISA; Bender MedSys-
tems, Vienna, Austria). This ELISA detects sL-selectin
in concentrations ranging from 0.4 to 25 ng/ml. Plasma
samples were diluted at 1/100 to 1/1,000 to obtain sL-
selectin concentrations in the linear range of the assay.
An anti-human sL-selectin monoclonal coating antibody
is adsorbed onto microwells. Human sL-selectin present
in the sample or standard binds to antibodies adsorbed
to the microwells; an HRP-conjugated monoclonal anti-
human sL-selectin antibody binds to human sL-selectin
captured by the first antibody. Following incubation, un-
bound enzyme-conjugated anti-human sL-selectin is re-
moved during a wash step and substrate solution reactive
with HRP is added to the wells. A colored product is
formed in proportion to the amount of human sL-selectin
present in the sample. The reaction is terminated by ad-
dition of acid and absorbance is measured at 450 nm. A
standard curve is prepared from seven human sL-selectin
standard dilutions and human sL-selectin sample concen-
tration determined. All assays were performed simulta-
neously in triplicate, without knowledge of patient group.
sL-selectin was determined three times in each sample and
results were expressed as mean values. The limit of detec-
tion of human sL-selectin defined as the analyte concentra-
tion resulting in an absorbance significantly higher than
that of the dilution medium (mean plus 2 standard devi-
ations) was determined to be 0.176 ng/ml (mean of eight
independent assays).The coefficients of variation of the
assays (CV%), according to the manufacturer, were 3 £
5% within assays and 5 £ 10% between assays. According
to the manufacturer, the average recovery ranged from 80
to 126% with an overall mean recovery of 104%. The in-
traassay CV% was <5%, and interassay CV% was <11%
in this study, and the concentrations of the control sam-
ples fell within the ranges specified by the manufacturer.
The laboratory personnel were unaware of case-control
status for all tests.

Genotyping Methodology

After primary assessment, 10 ml of peripheral blood
was collected from all participants. Genomic DNA was
isolated via the proteinase K-buffer method (15). The
polymorphism of the gene was analyzed on the basis
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of polymerase chain reaction (PCR) amplification. An
amplification refractory mutation system PCR (ARMS-
PCR) assay was performed to detect F206L polymor-
phism. PCR was performed with a reaction mixture con-
taining 0.2 pl of DNA, 2 mM of each primer, 300 mM
of each dNTP, 1.6 mM of MgCl,, 0.3 U/ of Taq poly-
merase, and 1 x KCI of buffer. Amplification was carried
out using primers F5-TATGGGCCCCAGTGTCAGT-
3, and R5"ATGGGCCCCAGTGTCAGC-3'. The prod-
ucts were visualized on 2% agarose gel stained with ethid-
ium bromide.

Statistical Analysis

Statistical analysis was performed using the SPSS 14.0
software package (SPSS, Chicago, IL). All allelic and
genotypic frequencies were obtained by direct counting.
The Hardy—Weinberg equilibrium was tested by using a
chi-square goodness of fit test. The frequencies of al-
leles and genotypes were compared by the Fisher ex-
act and chi-square tests, respectively. The risk associ-
ated with sL-selectin and each L-selectin genotype in the
occurrence of asthma was estimated by logistic regres-
sion analysis computing the odds ratio (OR) with the
respective 95% confidence interval (CI). Receiver oper-
ating characteristic (ROC) curve was prepared by SPSS
software. Correlation between sL-selectin levels and nu-
merical variables was determined with Spearman’s rank
correlation. P values were corrected by Bonferroni cor-
rection for multiple comparisons, taking into account the
number of alleles studied. Two-tailed P values of less than
0.05 were considered to be statistically significant. The
sample size for this study was calculated by a program
available from University of British Columbia, Canada
(http://www.stat.ubc.ca/~rollin/stats/ssize/). To detect
a minimal difference of 10% for the mean concentrations
of sL-selectin between the patients and control group with
a power of 80% and a value of 0.05 for «, the sample size
of n =79 in each group is needed.

RESULTS

No Significant Differences in the Demographic
Characteristics of Participants

As shown in Table 1, there was no significant difference
in the demographic characteristics of two groups with and
without asthma for sex ratio, average age, and BMI.

Patients With Asthma Have Higher Plasma Levels
of sL-Selectin

The distribution of frequency of plasma levels of sL-
selectin in patients and control was not significantly
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TABLE 1. Comparison of Male/Female Ratio, Age, and BMI
Between Healthy Subject and Asthmatic Patients

TABLE 2. L-Selectin F206L. Polymorphism in Asthmatic Pa-
tients and Healthy Subjects

Healthy Patients with
subjects, n =90 asthma, n = 90 P-value
Male/female 55735 56/34 0.453
Age (years) 453+ 18.6 422+ 18.2 0.234
BMI 259 +8.5 243479 0.632

Means + standard deviation for age and BMI were determined for
healthy subjects and patients with asthma.
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Fig. 1. Receiver operating characteristic (ROC) curve showing the per-
formance of sL-selectin in predicting asthma. Each point on the curve
represents the true-positive rate and false-positive rate associated with
a particular test value (cutoff value). The area under the curve (AUC)
is 0.792, 95% CI (0.732-0.862), P = 0.0001. An AUC value close to 1
indicates an excellent diagnostic test, a curve that lies close to the diago-
nal (AUC = 0.5) has no diagnostic utility. Arrow shows cutoff of 1,800
ng/ml of sL-selectin with the sensitivity and specificity of 81 and 71%,
respectively.

different from a normal distribution as tested by chi-
square test for goodness of fit (Fig. 1). The mean plasma
level of sL-selectin was significantly higher in asthma
group than control group (2113 £ 466 and 1664 +
322 ng/ml, P = 0.001, respectively). Multivariable lo-
gistic regression analysis was used to control for possi-
ble confounding factors. Multivariable logistic regression
analysis after adjustment for age, sex, and BMI demon-
strated that plasma levels of sL-selectin is an independent
risk factor for bronchial asthma (OR, 1.86; 95% CI, 1.42—
2.24). ROC curve was used to determine a cutoff value
for plasma level of sL-selectin. The area under the ROC
curve was 0.792, 95% CI (0.732-0.862), P = 0.0001. As
shown in Figure 1, when the cutoff value of sL-selectin
was selected as 1,800 ng/ml, the sensitivity and specificity
for diagnosis of asthma was 81 and 71%, respectively. On
the other hand, when a value of 2,000 ng/ml was used
as the cutoff point, sensitivity and specificity were 60 and
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n/Total (%) for:
L-Selectin F206L

polymorphism Control,n =90 Asthma,n=90 P-value
Allele
Leucine (L) 52/180 (29) 62/180(34) P=0.315
Phenylalanine (F) 128/180 (71) 118/180(66) P =0.343
Genotype
Minor homozygotes  18/180 (10.0) 30/180 (16.6)
(L/L)
Major homozygotes  94/180 (52.2) 86/180(47.8) P =0.116
(F/F)
Heterozygotes (F/L)  68/180 (37.8) 64/180 (35.6)

L-Selectin alleles and genotypes were determined in patients and control.

85.2%, respectively. No significant differences were found
between males and females for the mean plasma levels of
sL-selectin, age or BMI. Analysis of variances (ANOVAs)
test did not show any significance differences in the mean
levels of sL-selectin between the patients with mild (n
= 13), moderate (n = 23), and severe (n = 54) form of
asthma (2200 % 264, 2159 4 396, and 2135 £ 442 ng/ml,
respectively). There was a weak but statistically signifi-
cant correlation between the levels of sL-selectin and BMI
(R?> = 0.234; P = 0.02). However, no significant correla-
tion between age and levels of sL-selectin was found.

No Significant Differences in F206L Polymorphism
of L-Selectin Between the Patients and Control
Groups

The allele frequencies and genotype distribution of the
L-selectin F206L polymorphism in patients with asthma
and healthy subjects are given in Table 2. The genotype fre-
quencies for the control population were consistent with
Hardy—Weinberg equilibrium (X?> = 1.167, P = 0.280).
As indicated in Table 2, the frequency of Leu and Phe
alleles was 34 and 66% in the group with asthma and 29
and 71% in the control group with no significant differ-
ence. The results demonstrated no significant difference
in the frequency of the heterozygote (Leu/Phe), and ma-
jor homozygous (Phe/Phe) genotypes. The frequency of
the major homozygote in asthma and control groups was
47.8 and 52.2% and for the heterozygote genotype was
35.6 and 37.8%, respectively. The statistical analysis did
not show a significant difference between the frequency of
minor homozygote (Leu/Leu) in the asthma and control
group (16.6 vs. 10.0%). No association between asthma
severity and L-selectin L206P polymorphism was found
between the asthmatic patients.



Individuals With Homozygotes Leu/Leu Genotype
of F206L Polymorphism of L-Selectin Have Higher
Plasma Levels of sL-Selectin

To determine the association of L-selectin L206P poly-
morphism with plasma level of sL-selectin, the plasma
levels of sL-selectin were compared between differ-
ent genotypes of L206P polymorphism. The compar-
ison of genotypes for L206F L-selectin polymorphism
demonstrated that individuals with minor homozygote
(Leu/Leu) genotype have higher levels of plasma si-
selectin than the major homozygote (Phe/Phe) genotypes
(2319 £ 732 vs. 1917 £ 453 ng/ml, P = 0.02). This dif-
ference was more pronounced when we compared the
two homozygotes genotypes in the patients with asthma
(2619 £ 598 vs. 2121 £ 428 ng/ml, P = 0.002). The same
analysis for healthy subjects revealed that minor homozy-
gote genotype have higher levels of plasma sL-selectin
than the major homozygote genotypes, but to a lesser
extent than the asthmatic patients (2109 4431 vs. 1813 +
321 ng/ml, P = 0.04).

DISCUSSION

We demonstrated that plasma level of sL-selectin is an
independents risk factor for asthma in an Iranian popu-
lation. In addition, our study indicated that individuals
with minor homozygote of L-selectin F206L polymor-
phism (Leu/Leu) have higher plasma levels of L-selectin.
However, no significant association was found between
L-selectin F206L polymorphisms and asthma.

Soluble adhesion molecules are commonly formed as
the result of cell surface adhesion molecule shedding due
to cell stimulation. These molecules have been implicated
in pathophysiology of inflammatory diseases, such as
atherosclerosis and cancer (19, 20). Previous studies have
demonstrated an association between an elevated plasma
level of sL-selectin with inflammatory, autoimmune, and
systemic diseases, such as type I diabetes, systemic lu-
pus erythematosus, ischemic stroke, and acute leukemia
(10-13).

There has been controversy over the function of soluble
adhesion molecules, including sL-selectin in the inflam-
matory diseases. Soluble adhesion molecules have been
shown to both inhibit and enhance different aspects of
the inflammatory process. L-Selectin-dependent leukocyte
attachment is completely inhibited at the presence of sL-
selectin (21). In addition, it has been demonstrated that
in patients with acute leukemia, sL-selectin inhibits blast
cell adhesion to activated endothelium (13). It has been
demonstrated that sL-selectin attenuated TNF-a-induced
leukocytes adherence to endothelial cells (22).

We are the first group to demonstrate an association be-
tween elevated levels of sL-selectin and asthma. L-Selectin
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plays a critical role in lymphocyte migration to the lung
during an allergic inflammatory response (23-25). It has
been reported that endothelial sulfated sialyl Lewis x gly-
cans, a putative L-selectin ligands, are preferentially ex-
pressed in bronchial asthma (26). In addition, expression
of L-selectin by T cells is increased in asthmatic individual
27).

It has been shown that L-selectin mAbs, antibody
against L-selectin ligand or low-molecular weight selectin
antagonists, are therapeutic in the animal models of al-
lergic bronchoconstriction (28-30). L-Selectin null mice
that are sensitized to ovalbumin are protected from the
development of airway hyperresponsiveness of asthma af-
ter ovalbumin challenge (31, 32). In clinical trials, multi-
ple doses of a synthetic pan-selectin antagonist given by
aerosol indicated some protection against the late airway
responses (33). Furthermore, Huang et al. demonstrated
that long-term immunotherapy in children with asthma
reduces serum level of L-selectin (34).

Further investigations are needed to determine the func-
tional role of sL-selectin in the pathophysiology of asthma.
The elevated plasma levels of sL-selectin may protect asth-
matic patients by inhibiting the adherence of leukocytes
to endothelium of bronchial airways or it may be just a
bystander that can be used as a biomarker for asthma.
In recent years, it has become increasingly accepted that
pulmonary function testing has its limitations. Spirome-
try can identify a broad spectrum of asthmatics, but it is
incapable of discerning the various subtypes of disease,
and therefore which individuals will respond to normal
treatment regimes. Based on our ROC analysis, we spec-
ulate that sL-selectin has the potential of being used as a
biomarker for diagnose and monitoring of asthma. Fu-
ture studies will shed light on the usefulness of sL-selectin
as a noninvasive biomarker for diagnosis and monitoring
of asthma that can complement spirometry.

The levels of sL-selectin have been suggested to be influ-
enced by F206L polymorphism of L-selectin. In agreement
with our study, Russell et al. demonstrated that sL-selectin
is associated with L-selectin F206L polymorphisms in
the EGF-like domain of L-selectin in SLE patients (11).
F206L polymorphism of L-selectin has been implicated in
inflammatory diseases. Rafiei et al. showed that the 206
Leu allele was more frequent in patients with brucellosis in
comparison to healthy controls (14). In another observa-
tion by Hajilooi et al., a significantly increased frequency
of the 206 Leu mutant allele was observed in patients with
coronary artery disease compared to the controls (15).

Study Limitations

Our study did not show any signification association
between F206L polymorphism of L-selectin and asthma.
The sample size for this study was calculated for the
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detection of a minimal difference of 10% for the mean
concentrations of sL-selectin between the patients and
control group. Therefore, the results for L-selectin F206L
polymorphisms should be interpreted with caution. The
frequency of minor homozygote (Leu/Leu) in the asthma
group was greater than the controls (16.6.0 vs. 10.0%).
However, the statistical analysis did not show a signifi-
cant difference. This can be attributed to the low number
of individuals with Leu/Leu genotype. We are currently
endeavoring to increase the sample size to further study
these findings. In conclusion, our study demonstrated that
plasma level of sL-selectin is higher in asthma and is an
independent risk factor for this disease.
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