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Abstract  

Background:  YKL-40 is a member of the mammalian  
chitinase like protein class of 40 Kda (kilo Dalton) heparin  

binding glycoprotein. Its name is derived from the protein's  

molecular weight and three N-terminus amino acids (tyrosine  

[y], lysine [k] and leucine [l]). YKL-40 is secreted by various  

cell-types including macrophages, chondrocytes, and some  
types of cancer cells. The exact physiological role of YKL-
40 is not known, but it has been implicated in cell development,  
inflammatory disease such as asthmaand cancer progression.  

Aim of Study:  This study was to investigate whether  
serum YKL-40 were increased in Asthmatic children and  
identify its correlation with acute exacerbation, total IgE,  

blood Eosinophil percentage (EO%) and Pulmonary Function  

(PF). We measured serum YKL-40 levels, EO%, and serum  

IgE in 30 children with Asthma as well as in 20 apparently  

healthy controls from the communities surrounding AL-Salama  

Hospital, EL-Khobar district, Saudi Arabia. Pulmonary Func-
tion (PF) of Asthmaticpatients was also measured.  

Patients and Methods:  Our data showed that the serum  
YKL-40 was significantly elevated in patients with Asthma  

(77.66ng/mL) compared with control (55.16ng/mL) ( p=0.001)  
and when Asthma patients were stratified, serumYKL-40  
levels in exacerbation group were significantly higher (83.72ng/  

mL) than those in stable Asthmatic group (77.66ng/mL)  

(p=0.043).  

Results:  In addition, serum YKL-40 was correlated posi-
tively with the level of IgE (with r=0.298 and p=0.018) and  
EO% (with r=0.272 and p=0.032) but negatively correlated  
to pulmonary functions as Forced Expiratory Volumein 1 st  

second (FEV1) (with r=–0.044 and p=0.0001).  

Thus, we conclude that YKL-40 is found significantly  

high in the serum of asthmatic childrenand its level correlates  

with exacerbation attacks, indicating that high levels of serum  
YKL-40 may be biological characteristic of the asthma exac-
erbation.  

Conclusion:  In our study, we conclude that serum YKL-
40 level are increased in asthmatic children patients and its  
level correlates with exacerbation attacks indicating that YKL- 
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40 may be either a cause or a new biomarker for asthma and  
its disease severity.  
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Introduction  

AIRWAY  Hyper responsiveness (AHR) and re-
versible airway obstruction (RAO) are character-
istic features of Asthma. Many Studies and re-
searches are designed to evaluate and determine  

mechanisms of Asthma and how airway inflamma-
tion causes the disease and how to contribute to  

Asthma severity [1] .  

Recent studies focused on several mechanisms  
of airway inflammations, regulation of the immune  
responses by environmental factors, altered Aller-
gens, injury-repair process (remodeling), inflam-
matory mediators as cytokines (INF y) from Th1  
and IL5 from Th2 cells regarding to the balance  
between Th1/Th2 cell clones. Studies explained  
the importance of chemokines, IgE synthesis /  
production and processes contribute in the patho-
genesis of asthma [2] .  

YKL-40 is a member of the mammalian chiti-
nase like protein class of 40 kDA (kilo Dalton)  
heparin binding glycoprotein. Its name is derived  
from the protein's molecular weight of three N-
terminus amino acids (tyrosine [Y], lysine [K] and  

leucine [L]). The gene for YKL-40 has been iden-
tified on chromosome 1q31-q32). YKL-40 is also  
called [human cartilage glycoprotein39 (HCgp39)]  

or chitinase-3 like 1 (CH3L 1) binds chitin but it  

is deficient in chitinase activity. It is produced at  

sites of inflammation in many cells and is secreted  
by smooth muscle and Macrophage (Mo). YKL-
40 has been shown to be a potent growth factor  

for connective tissue cells and a potent migration  

factor for endothelial cells [3] .  
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Researches have demonstrated substantial levels  

of YKL-40 in environments with inflammation or  

where remodeling of the extracellular matrix (ECM)  

occurs. Previous studies have demonstrated that  

the expression level of YKL-40 was increased  

during T-helper (Th1) inflammatory cells [4] . Fur-
thermore, it is suggested that YKL-40 has a role  

in inflammation and tissue remolding in human  
diseases as joint injury, liver fibrosis, type 2 DM  
and cancer [5] .  

As current concepts of pathogenesis of Asthma,  

it is the result of exaggerated Th2 airway inflam-
mation, airway remolding's role in the pathological  

features of asthma, and YKL-40 is believed to have  
a role in the pathogenesis of asthma and attracts  

the attention of many collaborative groups. Recent  
study of Chupp, et al., 2007 established that YKL-
40 level were increased in lung and circulation of  
patients suffered from severe Asthma [6] .  

YKL-40 level predominantly increased at the  
site of allergen deposition in response to allergen  
challenge. Whether, YKL-40 is stable or more  
increased during exacerbations of asthma [7] .  

Patients and Methods  

Study design and subjects:  

30 Asthmatic childrenaged 6-16 years were  

selected from Al-Salama Hospital, Al-Khobar City  

over period between March and December, 2012.  
Asthmatic group was divided into two subgroups  
(15 for each stableand exacerbation). The diagnosis  
of Asthma was based on established guidelines [8] .  
20 apparently healthy children with the same age  
group without allergic manifestations were encoun-
tered as control group.  

Exacerbation group:  

15 Asthmatic patients who requested urgent  
medical care for an acute exacerbation of Asthma  
were recruited for the exacerbation group after  

presentation to a clinic or emergency room. Acute  
exacerbation of Asthma was defined asepisodes of  

a rapidly progressive increase in a shortness of  
breath, cough, wheezing or chest tightness or a  

combination of these symptoms necessity a non-
scheduled visit associated with a decrease in res-
piratory airflow quantified by measurements of  
(FEV1) [8] .  

In our study, Asthmatic patients with exacerba-
tion were enrolled only when (FEV 1) was <80%  
of the predicted value.  

Exclusion criteria:  

We excluded from this study patients who had  

concomitant diseases proved to be related to YKL-
40 as DM, rheumatoid arthritis, hepatic fibrosisor  

had pneumonia within the preceding 4 weeks from  
the study. Blood samples from the exacerbation  

group were collected within 6 hour after the medical  

visit.  

Stable group:  

15 age matched patients with stable Asthma  

were recruited during their scheduled clinic visit.  
Their symptoms and (FEV 1) were stable. The  
enrolled patients experienced no change in their  
treatment course for at least 4 weeks and had no  

evident asthma exacerbation during that time period.  

Our study was approved by the human investi-
gations committee at our institution at Al-Salama  

Hospital. All groups gave written informed consent.  

Blood sample of was collected from both asth-
matic group and control group which divided into  
two tubes, one with EDTA for CBC and EO% and  

the other for serum IgE and serum YKL-40 assay.  

Measurement of serum IgE level and YKL-40:  

IgE assay:  
1 ml of clotted blood sample was collected for  

determination of Serum IgE. This fluorescent en-
zyme immunoassay (FEIA) measures total and  

allergen-specific immunoglobulin E (IgE) in human  

serum. The technique used for this test is (Immuno  

CAP, Phadia AB, Uppsala, Sweden). Results of  
this procedure is rapidly available [9] .  

Serum YKL-40 level: (Quidel, San Diego, CA,  

USA):  
1 ml of clotted blood samples was collected for  

the determination ofYKL-40 level. ELISA (en-
zyme-linked immunosorbent assay) is a widely-
used application for the detection of YKL-40 assay  
in a microwell format. This assay requires the use  

of an antibody labeled with a tag such as peroxidase  
or phosphatase, and an enzymatic substrate that  

produces a visible signal, indicating the presence  

of the Allergen. Signal levels are measured in a  
spectrophotometer. In a properly optimized assay,  

the intensity of the signal generated is proportional  

to the amount of Allergen present [10] .  

Calculation of the result:  The standard curve  
for the YKL-40 EIA Kit is generated using the  

A405 values for each Standard (on the Y axis) and  
the assigned concentration for each YKL-40 Stand-
ard (on the X axis). The data will be graphed  
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manually and the values (ng/mL) of the test spec-
imens will be read directly from thebest-fit line of  
the Standard Curve.  

Interquartile Range (IqR) for children(male /  

female) was 60.25ng/mL while its Median range  
was (45.75- 87.0) and for control group (IqR) was  
55.16 and its Median range was (34.23-70.75ng/  

mL). The minimum detection limit is 20ng/mL  
from ELISA kits [11] .  

Analysis was performed using SPSS software,  

version 13.0 (SPSS, Chicago IL., USA). YKL-40  
levels were not normally distributed and the values  
were compared among the study groups with the  

use of non-parametric tests, including the (Mann-
Whitney U-test and the Kruskal-Wallis H-test).  

YKL-40 level were expressed as Median and in-
terquartile range (IqR).  

Simple association between YKL-40 levels  
and total IgE, EO% and pulmonary function (PLF)  

were assessed using Spearman's rank correlation  

analysis.  

Results  

In our study, we measured the level of serum  
YKL-40 in 30 asthmatic children divided into two  
subgroups, stable [15 children, 8 boy/7 girl] and  
exacerbation [ 15 children, 10 boy/5 girl] and control  

group of non-asthmatic apparently normal children  

[20 children 12 boy/8 girl] from the same commu-
nity near to Al-Salama Hospital, El-Khobar district,  

Saudi Arabia and compared the findings of the  

exacerbation group with those from the stable  

group and controls. Furthermore, the relationships  

between serum YKL-40, IgE, EO% and pulmonary  
function (PF) were investigated.  

The characteristics of patients and controls are  

shown in (Table 1).  

There were significant statistical differences  

between asthmatic and control groups as regard  

percentage of Eosinophils (EO %), serum IgE.  
Compared with patients in the stable group, those  
with exacerbation group had more severely com-
promised pulmonary function (PF) (Table 1).  

Table (1): The characteristics of patients and control in the study.  

Characteristic  All  Control  Stable  Exacerbation  
Control vs.  
all patient  
(p-value)  

Stable vs.  
Exacerbation group.  

(p-value)  

Number of patients  50  20  15  15  

Age (Years)  10.1 ±4.2  9.8±6.3  7.4±4.6  8.1 ±3.6  0.41  0.06  

Male to Female ratio  30/20 (1.5:1)  12/8 (1.5:1)  8/7 (1.14 : 1)  10/5 (2 : 1)  0.4  0.1  

IgE (kUa/L)  506.3±44.1  131.5±87  420.5±255  536.1±41.  <0.001  0.484  

EO%  5.29±4.33  2.9± 1.4  5.26± 1.93  5.3±4.3  0.001  0.26  

FEV 1/FVC  0.96±0.05  0.68±0.1  <0.001  

Data are represented as mean ±  SD unless otherwise stated IgE, EO% (eosinophil %).  
FEV1,FVC: (Forced expiratory volume in 1st second/ forced vital capacity).  
Continuous data were compared using Kruskal-wallis and categorical data were compared using Pearson's on chi-squared test.  

There were significant statistical differences  

for percentage of Eosinophils between the control  

group (2.9± 1.4) and patients with stable asthma  
(5.29±4.33) and for exacerbation group (5.3 ±43)  
with a p-value for control versus to all ( p=0.001)  
and for stable versus exacerbation group was  

(p=0.26).  

There were significant differences as regard  

IgE between the control group (131.5 ±0.87) and  
both patients groups (stable & Exacerbation) with  

Asthma. There were significant differences between  
stable group (420.5±255) versus exacerbation group  

(536.1 ±41.0) with a p-value (p=0.484). Statistical  
difference between control group versus both asth-
matic groups was significant (p=0.001).  

YKL-40 levels in patients with Asthma were  

higher than those in control. Interquartile range  

(IqR) for Asthma group was 60.25 with median  

(45.75-87.0ng/mL) versus control IqR was 55.16  
with median (34.23-70.75ng/mL) with a p-value  
(p=0.003) (Fig. 1A).  

When the relationship between YKL-40 level  

of both asthmatic groups and those of control group  

were evaluated, we found that the YKL-40 level  
for patients in the exacerbation group were signif-
icantly higher than those in the control group with  
IqR 83.72ng/mL and median (47.0-97.25ng/mL)  
versus IqR 55.16ng/mL with median (34.23-70.75  

ng/mL) and a p-value (p=0.001), and those in the  
stable group, IqR was 83.72 with median (47.0- 
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97.25ng/mL) versus IqR 60.25ng/mL with median  

(39.0-72.75ng/mL) and a p-value (p=0.043).  

YKL-40 levels in patients in exacerbation group  

were significantly higher than those in stable group  

with IqR83.72ng/mL with median (47.0-97.25  
ng/mL) versus those in stable patient group IqR  

was 60.25ng/mL with median (45.75-78.0ng/mL)  

(Fig. 1B).  

Fig. (1): Serum YKL-40 levels in asthmatic patients and controls.  

Fig. (1): Serum YKL-40 levels in asthmatic patients and controls. The levels of circulating YKL-40 were assessed in patients  

with asthma and controls. (A) The serum YKL-40 levels in patients with asthma were higher than those in controls.  

(B) When patients were stratified according to exacerbation attacks, the serum YKL-40 levels in patients in the  

exacerbation group were higher than those in the control group and those in the stable group. Data are presented as  

median (horizontal line in each box), with 25 th  and 75 th  percentiles (top and bottom of each box) and 10 th  and 90 th  

percentiles (top and bottom of each bar) and outliers (º: >3 quartile deviations; •:> 6 quartile deviations). #: p=0.003;  
***: p=0.001; ¶: p=0.043.  

Fig. (2): Correlation of serum YKL-40 levels with several associated items ((IgE) levels and the percentage of peripheral blood  

eosinophils.  

0.0 10.0 20.0 30.0 40.0  
YKL-40 ng/ml  

Fig. (2): Correlation of serum YKL-40 levels with several associated items. Spearman's rank correlation analysis showed a  

significant correlation between the serum YKL-40 levels. (A) The total serum immunoglobulin Elevels (IgE) ( r=0.298,  
p=0.018); (B) The percentage of peripheral blood eosinophils ( r=0.272, p=0.032); (C) Forced expiratory volume in  
1s (FEV1)/predicted value (r=–0.44, p=0.001).  
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In patients with asthma, the correlation between  

Serum YKL-40 levels, IgE, EO% and the ratio of  
prebronchodilator (FEV 1) to the predicted value  

were investigated. The findings revealed that Serum  

YKL-40 levels correlated with IgE levels ( r=0.298,  
p=0.018) (Fig. 2A), The EO% (r=0.272, p=0.032)  
(Fig. 2B) and the ratio of (FEV1) ( r=–0.044,  
p=0.0001) (Fig. 2C).  

Discussion  

Chitin, a polymer of N-acetyl glucosamine, is  
the second most abundant polysaccharide in nature.  
It is found in the walls of fungi; the exoskeleton  

of crabs, shrimp and insects, the micro-filarial  
sheath of parasitic nematodesand the lining of  

digestive tracts of many insects [12] .  

Chitin accumulation is regulated by the balance  
of chitin synthase-mediated biosynthesis and deg-
radation by chitinase [13] .  

Elevated circulating YKL-40 levels were proved  
to be present in patients with meningitis, pneumo-
nia, Rheumatoid arthritis and hepatic fibrosis [14] .  

Furthermore, Chupp have demonstrated that  

YKL-40 is strongly up-regulated in the airway  
epithelium & alveolar macrophages of patients  
with Asthma and serum YKL-40 levels are elevated  

in patient with Asthma. Circulating YKL-40 levels  

are correlated with Asthma severity. The thickness  

of the sub-epithelial basement membrane and pul-
monary function suggesting that circulating YKL-
40 levels are a biomarker for Asthma [6] . Addition-
ally, YKL-40 concentrations increased in response  
to Allergen challenge predominantly at the site of  

Allergen deposition [7] .  

Our study manifests that in children aging from  
6-14 years, circulating levels of YKL-40 are in-
creased in patients with asthma compared with  

healthy children. When the asthmatic patients were  
categorized, circulating levels of YKL-40 in the  

exacerbation group were higher than those in the  

stable and healthy children groups which suggest  
that serum YKL-40 levels correlate with asthma  

exacerbation attacks. In addition, the serum levels  

YKL-40 correlate positively with serum IgE levels  

and EO% and correlate negatively with pulmonary  

function.  

Our data showing the comparison of serum  
YKL-40 levels between asthma and healthy chil-
dren, and the correlation between the protein levels  

and lung functions coincide with those from the  
study by Chupp, et al., 2007 [6] . Another study by  
Sohn, et al., 2009 suggested that in the East Asian  

children, there is no significant associations be-
tween YKL-40 single nucleotide polymorphism  
(SNPs) and asthma are observed, while a (SNPs)  

was found to be associated with atopy and serum  

YKL-40 levels [15] . Although this study did not  
compare serum YKL-40 levels of asthmatic chil-
dren with those of healthy control children directly,  

the basis for this potential discrepancy may be due  

to the differences in the mean ages of these children,  

since some children with atopy may develop asthma  
with increasing age.  

In our Study, we showed that during exacerba-
tion attacks, serumYKL-40 levels of patients with  

Asthma are higher than those of the stable group  

and healthy children, and illustrated the protein's  
correlations with IgE and EO% among asthmatic  

patients. However, perspective studies will be  

required in order to determine whether serum YKL-
40 would decline when those exacerbations children  
are completely controlled after treatments; this is  

the aim of our further efforts. Although the patho-
genic role of YKL-40 in Asthma remains unclear,  

our study indicates that the high levels of YKL-
40 may be a biological characteristics of Asthma  
exacerbation.  

Recommendations:  
Future researches are recommended to deter-

mine how airway inflammatory activity causes and  

contributes to disease severity. Furthermore, as  

molecules contributing to the regulation of airway  
inflammation are discovered, the role of cytokines  

and their balance in the development and evolution  
of disease will be important to understand asthma  
persistence and severity.  

Also we recommend further studies to follow  
the levels of YKL-40 after improvement of exac-
erbation activity to confirm the relation of YKL-
40 with the disease activity.  
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