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Abstract

Background

Endothelial Cell-Specific Molecule-1 (ESM-1) is a 50 kDa soluble proteoglycan that is produced
mainly the vascular endothelial cells of the kidney and lung. It is produced by the effects of
proangiogenic and pro-inflammatory cytokines, and it indicates activation and dysfunction of the
vascular endothelium. We aimed to detect the role of ESM-1 in children with asthma.

Materials and Methods

This study is a prospective cross sectional study and include 50 child (32 with mild persistent, 18 with
moderate  persistent  asthma  (patients) and 30 healthy children  served as
controls, both groups were selected from outpatient pulmonology clinic and inpatient pediatric
department at children hospital, Minia University, Egypt, from 2016 to 2018; and were subjected to:
detailed clinical examination, lung function test, complete blood picture and measurement of level of
ESM-1 in serum.

Results

Level of ESM-1 was increased in asthmatic children compared to the controls (p=0.001). Also, the
level of ESM-1 in children suffering from moderate persistent asthma was markedly higher than those
with mild persistent asthma (p=0.001). In addition, ESM-1 level was positively correlated with
eosinophil counts (r=0.79, p=0.01), but had negative correlation with lung functions FEV1 and PEFR
(r=-0.89, - 0.84, p=0.001).

Conclusion

ESM-1 level was increased in asthmatic children suggesting that it may have a role in asthma,
furthermore, it was associated with decreased lung function indicating that it is considered as an
indicator of severe asthma.
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1- INTRODUCTION

Asthma is the most chronic respiratory
disease of children characterized by
airflow obstruction, bronchial hyper-
responsiveness, and frequent exacerbations
(1). The underlying cause of asthma is
unclear but many environmental and
genetic factors are involved in the
development of asthma (2). It is a
worldwide disease affecting more than 300
million people (3). Frequent exacerbation
of asthma is an important leading cause of
morbidity and even mortality (4). Also, it
has negative effects on the quality of life
of children and their families (5).
Endothelial cell-specific molecule-1(ESM-
1) is a newly discovered soluble 50 kDa
proteoglycan that is found in human blood
and produced mainly by lung and kidney
vascular endothelial cells, it is also called
endocan (6). Usually the level of ECSM-1
in blood is low and may be undetectable in
healthy individual (7).

Under the effect of inflammatory
cytokines, like (IL-1, TNF-a) many
endothelial pathological changes occur that
induce the secretion of ESM-1, the
endothelial changes include vasodilation,
edema, coagulopathy, ischemia, and even
organ failure. Thereby levels of ESM-1
may be closely related to the severity of
inflammation (8, 9). Also, it inhibits
migration of white blood cells into the
pulmonary vasculature causing more lung
damage (10). Studies that investigate the
role of ESM-1 in asthma are few so that
this study was aimed to measure the level
of ESM-1 in asthmatic children and
correlate its level to the severity of asthma.

2- MATERIALS AND METHODS

2-1. Study Design

This study is a cross sectional one done
at the Department of Pediatrics, Minia
University, Egypt, from January 2016 till
April 2018. The study included fifty
asthmatic children diagnosed according to
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Global Strategy for Asthma Management
and  Prevention  Classification  (2).
Informed consent was obtained from the
parents before the study. The protocol was
done according to the local ethics
committee of the faculty. Another 30
healthy children cross matched by age and
sex served as control group. Children
under 5 years of age or with severe asthma
or with associated infection, congenital
heart disease were excluded from the
study. The asthmatic patients were divided
into two groups according to type of
asthma,;

= Group (1): included 32 children with
mild persistent asthma (14 males and
18 females), their ages ranged from
5-11.5 years.

=  Group (2): included 18 children with
moderate persistent asthma (8 males
and 10 females) their ages ranged
from 6.5-13 years (2).

2-2. Method

Both patients (n=50), and controls (n=30)
were subjected to:

= Thorough history taking about the
course of the disease and complete
clinical examination particularly
chest examination and assessment of
anthropometric measurements.

= Pulmonary function test using
spirometry; it was performed three
times and the highest flow rate of
PEFR and FEV1 were recorded and
were compared to predicted normal
values.

2-3. Laboratory investigations

Under complete aseptic condition 3ml of
venous blood was withdrawn and 0.5 ml
was added to tube containing
Ethylenediamine tetraacetic acid (EDTA)
for complete blood count (Sysmex KX-
21N, Japan), and the other 2.5 ml was
allowed to clot and was then centrifuged at
2,500 g for 15 min and the resulting serum
was stored at —70 °C for ESM-1 assay
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using ELISA (ELISA; LUNGINNOV
Systems, Lille, France) to measure ESM-1
according to the instructions of the
manufacture (normal values were: 0.93 +
0.3 ng/ml).

2-4. Statistical Analysis

The entered data were analyzed using
IBM SPSS statistics (version 17; SPSS
for Windows; SPPS Inc., Chicago,
Illinois, USA).The Chi square test was
used to compare between two variables or
more. P-values less than 0.05 were
statistically significant and Pearson's
correlation coefficient (r) test was used
for correlating data.

3- RESULTS

Table.1 summarizes the demographic
and laboratory data of the studied groups
and it is shown that positive family history
of asthma and atopy was 40% and 26%,

respectively. Eosinophil counts were
increased significantly in children with
asthma compared to the control (p<0.01).
The lung functions (PEFR and FEV1)
were markedly decreased in patients
compared to control group (p<0.001). In
addition, the level of ESM-1 was increased
significantly  in  asthmatic  patients
compared to the control group (p<0.001).

The study revealed that ESM-1 level
among patients sub-group was
significantly increased in group | (patients
with mild persistent asthma), and group I
(patients with moderate persistent asthma)
when compared to controls (group 1) (p-
0.01 and p=0.001, respectively) (Table.2).
Furthermore, the level of ESM-1 was
markedly increased in group Il (moderate
persistent) compared to group | (mild
persistent) (p=0.001) indicating that its
level increases with increasing asthma
severity.

Tabale-1: Demographic and laboratory findings of patients and control groups.

Variables

Asthmatic children Control

n= 50 n=30 P- value
Age (y): Range 5.5-13 5-12 0.21
Mean = SD 42+25 45+1.6

Gender:  Male 32 16

Female 18 14 0.23
Weight (kg) 25.2+8 25.6+7.2 0.99
Weight/age percentile 54.3+28.4 55.3£28.1 '
Height (cm) 128.4+11 131.2+10 0.36
height/age percentile 42.4 £24.5 43.2 £24.6 '
BMI value 18.243.5 18.3+1.5 0.42
Positive family history of asthma 20 (40%) 0
Positive family history of atopy 13 (26%) 0
PBE count (cell/ul) 570£120 128+ 66 0.01
Percentage of PEFR | 76.2 £3.2 96.7 0.9 0.01
Percentage of FEV1 78.2+4.6 97.1+0.58 0.01
ESM-1 level (ng/ml) 25.2+4.3 42425 0.001

BMI=body mass index; PEFR=peaked flow rate; FEV1 =forced expiratory volume in 1st second; ESM-1:
Endothelial cell-specific molecule-1; SD: Standard deviation.
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Table-2: Comparison between patient's subgroup and controls.

Group | Group Il Control group P- value
Data n=32 n=18 (111), n=30 Ivs. Il Ivs. 111 lvs. Il
Eosinophil count 433102 | 525+29 128+ 66 0.05 0.001 0.05
(cell/ul)
: :
6PEFR predicted | g5 9138 | 728507 | 967209 001 0.001 001
normal
r :
n/‘;an'fglll predicted 82.5t1.7 | 70.846.7 97.1+0.58 0.01 0.001 0.001
Serum ESM-1 level 3.2+1.3 6.5+£0.9 0.93+03 0.01 0.001 0.001
(ng/ml)

Group |: mild persistent; Group Il: moderate persistent; Group IlI: controls; PEFR: peaked flow rate; FEV1:
forced expiratory volume in 1% second; ESM-1: Endothelial cell-specific molecule-1.

Table.3 demonstrates the correlation
between ESM-1 and laboratory findings,
level of ESM-1was positively correlated
with eosinophil count (r=0.79 and p=0.01),

and correlated negatively with the
functions of the lung (FEV1 and PEFR
(r=-0.89, and -0.84, respectively p=0.001).

Table-3: Correlation between ESM-1 level, Eosinophil counts and lung functions in asthmatic

patients.
Parameter Serum ESM-1 level

Pearson's correlation P-value
Eosinophil count 0.79 0.01
(cell/ul) ' '
% of FEV1 predicted
normal -0.89 0.001
% PEF predicted normal -0.84 0.001

ESM-1: Endothelial cell-specific molecule-1; PEFR: peaked flow rate; FEV1: forced expiratory volume in 1%

second.

4- DISCUSSION

Bronchial Asthma in children is
considered as a major public health
problem worldwide with broad differences
in prevalence and severity throughout the
world (11, 12). Endothelial cell-specific
molecule-1 is a soluble 50 kDa dermatan
sulfate proteoglycan that is produced
mainly by vascular endothelial cells of the
lung and kidney (13, 14). It has been found
that ESM-1 can bind directly to
lymphocyte function-associated antigen-1
(LFA-1) in vitro and can block binding of
bacteria to the intercellular adhesion
molecule-1 (ICAM-1) (15, 16); this may
reduce leukocyte-endothelial cell adhesion,
and inhibit the excessive leukocyte homing
into the lungs. Some authors suggested
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that ESM-1 may be considered as a good
indicator of endothelial dysfunction and
multiple-organ dysfunction in
inflammation. Studies that investigate the
role of ESM-1 in childhood asthma are
scare so this study aimed to determine
whether ESM-1 has a significant role in
asthma and, in addition, correlate it with
asthma severity. In our study there were no
significant differences in the
anthropometric measurements between
asthmatic children and control (p>0.05); as
regards  eosinophil  count, it was
significantly  increased in  asthmatic
children compared to controls (p=0.01),
and also it was significantly higher in
children with moderate persistent asthma
compared to those with mild persistent
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asthma (p=0.001). In addition, the lung
functions (PEFR and FEV1) were
markedly deceased in asthmatic children
compered to controls (p= 0.001). In the
present study, serum level of ESM-1 was
significantly increased in children with
asthma compared to the control group
(p=0.001). Also, level of serum ESM-1
level in children with moderate persistent
(group 1) was significantly higher than
those with mild persistent asthma (group 1)
control group (p <0.001). The increased
plasma level of may result from the effect
of inflammatory mediators that were
released during the inflammatory process
of asthma like tumor necrosis factor-o
(TNF-a), interleukin (IL)-1. Also, Long,
E.O. (17) found in vitro that, bacteria
endotoxin, IL-1 and TNF- induce the
synthesis and the release of ESM-I by
HUVECSs. These results were in agreement
with Tang et al. (18), Abdelhalim and
Elsayed (19) who found elevated plasma
level of ESM-1 in patients with respiratory
distress. Also, the higher level of ESM-I in
children with moderate persistent asthma
compared to those with mild persistent
asthma may due to increased and sustained
inflammatory process in patients with
more severe asthma. This is in agreement
with Tang et al. (18), who found that cases
with severe respiratory distress have a
sustained release of ESM-I and are
associated with poor outcomes; therefore,
ESM-1 represents a good marker of
endothelial cell dysfunction. In contrast,
Mikkelsen et al. (20), reported lower
serum levels of ESM-I in patients with
acute lung injuries; they explained that it
was associated with ESM-I -mediated
blockade of leukocyte homing in the lung,
although trauma and infection may differ
clinically and biologically (21). In the
present study, there was a positive
correlation between serum levels of ESM-
1 and the severity of asthma, and PBE
count as an inflammatory marker of
asthma may suggest that ESM-I is more
than a simple marker of asthma and it may
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play a role in systemic inflammatory
process in asthmatic children. This may be
explained by the findings of altered small
airway wall vascularity and functional
changes of the endothelial wall that occur
with bronchial obstruction (22, 23). In
addition, in asthma with recurrent
exacerbations, the inflammatory changes
observed during the course of each
episode, including the levels of markers
such as TNF-a and IL-6, have been shown
to be of potential value in the exacerbation
(24, 25). Also, vascular change that takes
place during the inflammatory process of
asthma such as microvascular
hyperpermeability, vascular remodeling
that involves the whole bronchial tree,
increase in subepithelial blood flow and
endothelial dysfunction (26, 27). There are
adequate grounds for future studies of its
role in the natural history of obstructive
pulmonary diseases as well as in the
follow-up of affected patients (28, 29). The
relationship of the ESM-1 levels and the
clinical outcomes of patients could be of
great importance, possibly in line with
recent findings supporting a close relation
between serum levels of ESM-1  and
disease severity (30, 31). We have
demonstrated that ESM-1 can predict the
severity of asthmatic attack. It may be a
guide for further effective therapies. In
addition, combined clinical variables with
biological biomarkers such as ESM-1 may
play an important role in early therapeutics
or preventative approaches for asthma.

4-1. Study Limitations

First, the small number of patients
included in the study, especially those with
moderate persistent asthma. It may be
useful to repeat the study on a larger
sample of patients in future. Second,
ESM-1 was measured only initially, at the
time of admission, and the dynamics of
concentration  during the asthmatic
evolution has not been evaluated so follow
up sample must be taken into
consideration.
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5- CONCLUSION

Serum level of ESM-1 markedly
increased in children with asthma,
therefore it may play a role in systemic
inflammatory process in asthma. Also,
higher levels were associated with poor
lung functions denoting that it may be
considered as a marker of severity of
asthma further studies are needed to
confirm the role of ESM-1 in asthmatic
children and to detect its role in other
allergic diseases.

6- CONFLICT OF INTEREST: None.
7- ACKNOWLEDGMENT

We are thankful to all patients, members of
pediatrics and clinical pathology for their
help in accomplishing this work.

8- REFERENCES

1. Bateman ED, Hurd SS, Barnes PJ, Bousquet
J, Drazenb JM, FitzGerald M, et al., ,: Global
strategy for asthma management and
prevention: GINA executive summary. Eur
Respir J 2008, 31:143-78.

2. GINA. Global strategy for asthma
management and prevention (GINA) of
asthma. J Asthma 2013; 47: 257-62.

3. Global Initiative for Asthma (GINA),
Global Strategy for Asthma Management and
Prevention. J Asthma 2008; 28: 125-32.

4, Lawson J A, Senthilselvan A. Asthma

epidemiology: has the crisis passed? Cur Opin
Pul Med 2005; 11: 79-84.

5. Dougherty R H, Fahy J V. Acute
exacerbations of asthma: epidemiology,
biology and the exacerbation prone phenotype.
Clin Exp Allergy 2009; 39(2):193-202.

6. Lassalle P,Molet S,Janin A, Heyden
JV, Tavernier J, Fiers W, et al. ESM-1 is a
novel human endothelial  cell-specific
molecule expressed in lung and regulated by

cytokines,” Journal of Biological Chemistry. J
Biol Chem. 1996; 23; 271(34):20458-64.

7. Bechard D, Meignin V, Scherpereel
A, Oudin S, Kervoaze G, Bertheau P, et al.
Characterization of the secreted form of

Int J Pediatr, VVol.7, N.11, Serial No.71, Nov. 2019

endothelial-cell-specific  molecule 1 by
specific monoclonal antibodies. Journal of
Vascular Research. 2000; 37(5) 417-25.

8. Béchard D, Scherpereel A, Hammad
H, Gentina T, Tsicopoulos A, Aumercier M, et
al. Human endothelial-cell specific molecule-1
binds directly to the integrin CD11a/CD18
(LFA-1) and blocks binding to intercellular
adhesion molecule-1. Journal of Immunology,
2001: 167 (6): 3099-106.

9. Balta |, Balta S, Koryurek OM, Demirkol
S, Mikhailidis DP, Celik T, et al. Serum
endothelial-cell specific molecule-1 levels as
a marker of disease activity in patients with
Behcet disease. J Am Acad of Dermatol. 2014;
70(2): 291-96.

10. Delehedde M, Devenyns L, Maurage CA,
Vives RR. Human endothelial-cell specific
molecule-lin cancers: a lesson from a
circulating dermatan sulfate proteoglycan. Int J
Cell Biol. 2013; 20(13):705027.

11. Sarrazin S, Lyon M, Deakin JA, Guerrini
M, Lassalle P, Delehedde M,, et al.
Characterization and binding activity of the
chondroitin/dermatan  sulfate chain  from
Human endothelial-cell specific molecule-1, a

soluble endothelial proteoglycan.
Glycobiology. 2010; 20(11):1380-88.
12. Janke J, Engeli S, Gorzelniak

K, Feldpausch M, Heintze U, Bohnke J, et al.
Adipose tissue and circulating endothelial cell
specific molecule-1 in human obesity. Horm
Metab Res. 2006; 38(1):28-33.

13. Wellner M, Herse F, Janke J, Gorzelniak
K, Engeli S, Bechart D, et al. Endothelial cell
specific molecule-1 — a newly identified
protein in adipocytes. Horm Metab Res. 2004;
35(4):217-21.

14. Paulus P, Jennewein C, Zacharowski K.
Biomarkers of endothelial dysfunction: can
they help us deciphering  systemic
inflammation and sepsis? Biomarkers. 2011;
16: 11-21.

15. Sarrazin S, Adam E, Lyon M, Depontieu
F, Motte V, Landolfi C, et al. Endocan or
endothelial cell specific molecule-1 (ESM-1):
a potential novel endothelial cell marker and a
new target for cancer therapy. Biochim Biophy
Acta. 2006; 1765(1):25-37.

10366


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lassalle%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8702785
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molet%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8702785
https://www.ncbi.nlm.nih.gov/pubmed/?term=Janin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8702785
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heyden%20JV%5BAuthor%5D&cauthor=true&cauthor_uid=8702785
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heyden%20JV%5BAuthor%5D&cauthor=true&cauthor_uid=8702785
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tavernier%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8702785
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fiers%20W%5BAuthor%5D&cauthor=true&cauthor_uid=8702785
https://www.ncbi.nlm.nih.gov/pubmed/8702785
https://www.ncbi.nlm.nih.gov/pubmed/8702785
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bechard%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11025405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meignin%20V%5BAuthor%5D&cauthor=true&cauthor_uid=11025405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scherpereel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11025405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scherpereel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11025405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oudin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11025405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kervoaze%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11025405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bertheau%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11025405
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%A9chard%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11544294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scherpereel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11544294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hammad%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11544294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hammad%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11544294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gentina%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11544294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsicopoulos%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11544294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aumercier%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11544294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balta%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24176522
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balta%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24176522
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koryurek%20OM%5BAuthor%5D&cauthor=true&cauthor_uid=24176522
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demirkol%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24176522
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demirkol%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24176522
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mikhailidis%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=24176522
https://www.ncbi.nlm.nih.gov/pubmed/?term=Celik%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24176522
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarrazin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20581009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lyon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20581009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deakin%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=20581009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guerrini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20581009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guerrini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20581009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lassalle%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20581009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delehedde%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20581009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Janke%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16477537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Engeli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16477537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gorzelniak%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16477537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gorzelniak%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16477537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feldpausch%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16477537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heintze%20U%5BAuthor%5D&cauthor=true&cauthor_uid=16477537
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%B6hnke%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16477537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wellner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12778364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herse%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12778364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Janke%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12778364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gorzelniak%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12778364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gorzelniak%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12778364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Engeli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12778364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bechart%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12778364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarrazin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16168566
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adam%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16168566
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lyon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16168566
https://www.ncbi.nlm.nih.gov/pubmed/?term=Depontieu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16168566
https://www.ncbi.nlm.nih.gov/pubmed/?term=Depontieu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16168566
https://www.ncbi.nlm.nih.gov/pubmed/?term=Motte%20V%5BAuthor%5D&cauthor=true&cauthor_uid=16168566
https://www.ncbi.nlm.nih.gov/pubmed/?term=Landolfi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16168566

Abdel Mohsen and Yousef

16. Zhang SM, Zuo L, Zhou Q, Gui SY, Shi
R, Wu Q, et al. Expression and distribution of
endocan in human tissues. Biotech Histochem.
2012; 87(3):172-78.

17. Long EO. Intercellular adhesion molecule
1 (ICAM-1): getting a grip on leukocyte
adhesion. J Immunol. 2011; 186(9):5021-23.

18. Tang, Y. Zhao, D. Wang, W. Deng, C. Li,
Q. Li, S. Huang C. Shu, endothelial-cell
specific molecule-1 levels in peripheral blood
predict outcomes of acute respiratory distress
syndrome,  Mediators Inflamm.  2014;
6(25):180-6.

19. Ashraf Abd EI Halim, Manal Sayed.
Serum endocan role in diagnosis and prognosis
of ventilator associated pneumonia. Egyptian
Journal of Chest Diseases and
Tuberculosis.2015; 64(4): 865-69.

20. Mikkelsen ME1, Shah CV, Scherpereel

A, Lanken PN, Lassalle P, Bellamy SL, et al.
Lower serum endocan levels are associated
with the development of acute lung injury after
major trauma. J Crit Care. 2012;
27(5):522.e11-7

21. Calfee CS, Eisner MD, Ware
LB, Thompson BT, Parsons PE, Wheeler AP,
et al. Trauma-associated lung injury differs
clinically and biologically from acute lung
injury due to other clinical disorders. Critical
Care Medicine, 2007; 35; (10) 2243-50.

22. Hashimoto M, Tanaka H, Shoshaku A.
Quantitative analysis of bronchial wall
vascularity in the medium and small airways
of patients with asthma and COPD. Chest.
2005; 127(3):965-72.

23. Moro L, Pedone C, Scarlata S, Malafarina
V, Fimognari F, Antonelli-Incalzi R.
Endothelial dysfunction in chronic obstructive
pulmonary disease. Angiology. 2008; 59(3):
357-64.

Int J Pediatr, VVol.7, N.11, Serial No.71, Nov. 2019

24. Perera  WR, Hurst JR, Wilkinson
TM, Sapsford RJ, Mullerova H, Donaldson
GC, et al. Inflammatory changes, recovery and
recurrence at COPD exacerbation. Eur Respir
J. 2007; 29(3): 527-34.

25. Pinto-Plata VM, Livnat G, Girish
M, Cabral H, Masdin P, Linacre P,et al.
Systemic cytokines, clinical and physiological
changes in patients hospitalized for
exacerbation of COPD. Chest. 2007;
131(1):37-43.

26. Koutsokera A, Kiropoulos TS, Nikoulis
DJ, Daniil ZD, Tsolaki V, Tanou K, et al.
Clinical, functional and biochemical changes
during recovery from COPD exacerbations.
Respir Med. 2009; 103(6):919-26.

27. Kumar SD, Emery MJ, Atkins ND, Danta
I, Wanner A. Airway mucosal blood flow in
bronchial asthma. Am J Respir Crit Care Med.
1998; 158(1):153-56.

28-Wanner A, Mendes ES. Airway endothelial
dysfunction in asthma and chronic obstructive
pulmonary disease. A challenge for future
research. Am J Respir Crit Care Med. 2010;
182(11):1344-51.

29. Pinto-Plata V, Casanova C, Millerova
H, de Torres JP, Corado H, Varo N, et al.
Inflammatory and repair serum biomarker
pattern. Association to clinical outcomes in
COPD. Respir Res. 2012; 13(1):71.

30. Tuder RM, Yoshida T, Arap W, Pasqualini
R, Petrache I. State of the art. Cellular and
molecular mechanisms of alveolar destruction
in emphysema: an evolutionary perspective.
Prac Am Thorac Soc. 2006; 3(6):503-10.

31. Kechagia M, | Papassotiriou, K
Gourgoulianis. Endocan and  respiratory
system, International Journal of COPD
2016:11; 3179-87.

10367


https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=21526908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zuo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21526908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21526908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gui%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=21526908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21526908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21526908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21526908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mikkelsen%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=21958978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah%20CV%5BAuthor%5D&cauthor=true&cauthor_uid=21958978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scherpereel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21958978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scherpereel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21958978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lanken%20PN%5BAuthor%5D&cauthor=true&cauthor_uid=21958978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lassalle%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21958978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bellamy%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=21958978
https://www.ncbi.nlm.nih.gov/pubmed/21958978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calfee%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=17944012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eisner%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=17944012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ware%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=17944012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ware%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=17944012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20BT%5BAuthor%5D&cauthor=true&cauthor_uid=17944012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parsons%20PE%5BAuthor%5D&cauthor=true&cauthor_uid=17944012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wheeler%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=17944012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perera%20WR%5BAuthor%5D&cauthor=true&cauthor_uid=17107990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurst%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=17107990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilkinson%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=17107990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilkinson%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=17107990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sapsford%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=17107990
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCllerova%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17107990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donaldson%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=17107990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donaldson%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=17107990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pinto-Plata%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=17218554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Livnat%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17218554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Girish%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17218554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Girish%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17218554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cabral%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17218554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Masdin%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17218554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Linacre%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17218554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koutsokera%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19121927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kiropoulos%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=19121927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nikoulis%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=19121927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nikoulis%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=19121927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daniil%20ZD%5BAuthor%5D&cauthor=true&cauthor_uid=19121927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsolaki%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19121927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanou%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19121927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pinto-Plata%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22906131
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casanova%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22906131
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCllerova%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22906131
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCllerova%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22906131
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Torres%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=22906131
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corado%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22906131
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varo%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22906131

