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ABSTRACT: The chitinase-like protein YKL-40, which binds chitin but lacks chitinase activity, has

been found to be either the cause or a biomarker for asthma. The aim of our study was to

investigate whether serum YKL-40 levels are increased in Chinese patients with asthma and

identify its correlation to acute exacerbation, total serum immunoglobulin (Ig)E, the percentage of

peripheral blood eosinophils and lung function. We quantified serum YKL-40 levels, total IgE

levels and peripheral blood eosinophil percentages in patients with asthma, as well as in controls

from the communities surrounding our hospital. The lung function of asthma subjects was also

measured. Our data showed that the serum YKL-40 levels were significantly elevated in patients

with asthma compared with controls and, when the asthma subjects were stratified, serum YKL-40

levels in the exacerbation group were higher than those in the stable and control groups. In

addition, serum YKL-40 levels correlated positively with total serum IgE levels and the percentage

of peripheral blood eosinophils, but correlated inversely with lung functions. Thus, we conclude

that YKL-40 is found in increased quantities in the serum of Chinese patients with asthma, and its

level correlates with exacerbation attacks, indicating that high levels of serum YKL-40 may be a

biological characteristic of the exacerbation of asthma.

KEYWORDS: Asthma, CHI3L1, exacerbation, immunoglobulin E, YKL-40

T
he chitinase-like protein YKL-40, also called
human cartilage glycoprotein 39 (HCgp-39)
and chitinase 3-like 1 (CHI3L1), binds chitin

but is deficient in chitinase activity. It is produced
at sites of inflammation in many cells and is
secreted from vascular smooth muscle cells and
macrophages [1]. Previous studies have demon-
strated that the expression level of YKL-40 was
increased during T-helper cell (Th) type 2 inflam-
mation [2]. Furthermore, it is suggested that
YKL-40 has a role in inflammation and tissue
remodelling in human diseases, such as joint
injury, liver fibrosis, type 2 diabetes etc. [1, 3, 4].
As current concepts of pathogenesis centre on the
notion that asthma is the result of exaggerated Th2
airway inflammation, and airway remodelling is
an important pathological feature of asthma, YKL-
40 is believed to have a role in the pathogenesis of
asthma, and attracts the attention of many
collaborative groups. A recent study by CHUPP et
al. [5] established that YKL-40 levels were
increased in the lung and circulation of patients
with severe asthma. Thereby, they reasoned that
YKL-40 could either be a cause or marker for
asthma. KUEPPER et al. [6] also showed that YKL-40
concentrations predominantly increased at the site

of allergen deposition in response to allergen
challenge. However, whether serum YKL-40
levels are stable or increased during exacerbations
of asthma still needs to be investigated.
Additionally, all the data compiled for YKL-40
and asthma come from white, black and Latino
ethnic groups; there are no data for the Asian
ethnic group. In our study, we measured the levels
of serum YKL-40 in 62 patients with asthma and
64 controls in the Chinese population and com-
pared the findings of the exacerbation group with
those from the stable group and controls.
Furthermore, the relationships between the serum
YKL-40 levels, total serum immunoglobulin (Ig)E,
percentage of peripheral blood eosinophils and
lung function were also investigated.

METHODS

Study design and subjects
This case–control study was conducted on 62
asthmatic patients recruited from Changzheng
Hospital, Second Military Medical University
(Shanghai, China) over a period of 24 months,
starting in March 2006 and ending in February
2008. The diagnosis of asthma was based on
established guidelines [7]. 64 healthy people
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without allergic manifestations were studied as controls. The
characteristics of the patients and controls are shown in table 1.
Asthmatic subjects were divided into two subgroups.

Exacerbation group

Asthmatic patients who requested urgent medical care for an
acute exacerbation of asthma were recruited for the exacerba-
tion group after presenting to a clinic or emergency room.
Acute exacerbation of asthma was defined as the following:
episodes of a rapidly progressive increase in shortness of
breath, cough, wheezing or chest tightness, or a combination of
these symptoms necessitating a non-scheduled visit, associated
with a decrease in respiratory airflow quantified by measure-
ments of forced expiratory volume in 1 s (FEV1) [7]. In our
study, asthmatic patients with exacerbation were enrolled only
when FEV1 was ,90% of the predicted value. Those patients
who had the concomitant diseases of cancer, arthritis, hepatic
fibrosis and type 2 diabetes, and those who received oral
corticosteroids or had had pneumonia within the preceding
4 weeks were excluded from the study. Blood samples from

the exacerbation group were collected within 6 h after the
medical visit.

Stable group
The age-matched patients with stable asthma were recruited
during their scheduled clinic visit. Their symptoms and FEV1

were stable. The enrolled patients experienced no change in
their treatment course for at least 4 weeks and also had no
evident asthma exacerbations during that same time period.
Blood samples were collected during the scheduled clinic visit.

Our studies were approved by the human investigation
committee at our institution (Changhai Hospital, Second
Military Medical University, Shanghai, China). All subjects
gave written informed consent.

Measurement of serum YKL-40 and total IgE levels
Measurement of serum YKL-40 levels was performed in
duplicate using commercially available ELISA kits for
YKL-40 (Quidel, San Diego, CA, USA). Median values are
presented. The minimum detection limit of the YKL-40 assay is

TABLE 1 Patient characteristics

Characteristics Controls Patients with asthma p-values

All Stable Exacerbation For controls versus

all patients

For stable versus

exacerbation

Patients n 64 62 16 46

Age yrs 42.2¡11.9 40.1¡18.6 30.9¡21.8 43.3¡16.6 0.41 0.06

Males 31 (48) 29 (46) 6 (37) 23 (50) 0.78 0.13

Total serum IgE kU?L-1 131.5¡110.4 506.6¡444.2 420.5¡295.0 536.5¡484.7 ,0.001 0.484

Eosinophils in WBC % 2.92¡1.88 5.29¡4.33 5.26¡1.90 5.30¡4.92 0.001 0.26

FEV1/FEV1 predicted 0.96¡0.05# 0.68¡0.14" ,0.001

Data are presented as mean¡SD or n (%), unless otherwise stated. IgE: immunoglobulin; WBC: white blood cells; FEV1: forced expiratory volume in 1 s. Continuous data

were compared using the Kruskal–Wallis test and categorical data were compared using Pearson’s chi-squared test. #: Data are missing for three subjects; ": data are

missing for one subject.
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FIGURE 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

25th and 75th percentiles (top and bottom of each box) and 10th and 90th percentiles (top and bottom of each bar) and outliers (#: .3 quartile deviations; $: .6 quartile

deviations). #: p50.003; ***: p50.001; ": p50.043.
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20 ng?mL-1. Total serum IgE levels were detected once by a
fluoroenzyme immunoassay (ImmunoCAPTM; Phadia AB,
Uppsala, Sweden) from patients with asthma and controls.
The percentage of peripheral blood eosinophils was also
determined using a routine blood test in each patient and
control.

Statistical analysis
Analyses were 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 the nonparametric tests, including the
Mann–Whitney U-test and the Kruskal–Wallis H-test. YKL-40
levels were expressed as median and interquartile range. Simple
associations between serum YKL-40 levels, total serum IgE, the
percentage of peripheral blood eosinophils and lung function
were assessed using Spearman’s rank correlation analysis.

RESULTS
There were significant differences between the controls and
patients with asthma for total serum IgE levels and the
percentage of peripheral blood eosinophils, which are two
characteristics closely associated with asthma [8, 9]. Compared
with patients in the stable group, those in the exacerbation
group had more severely compromised lung function (table 1).
The serum YKL-40 levels in patients with asthma were higher
than those in the controls (median (interquartile range) 77.66
(45.75–87.00) ng?mL-1 versus 55.16 (34.25–70.75) ng?mL-1;
p50.003; fig. 1a). When the relationship between serum YKL-
40 levels of the stratified groups and those of the control group
were evaluated, we found that the serum YKL-40 levels for
patients in the exacerbation group were higher than those in
control group (83.72 (47.00–97.25) ng?mL-1 versus 55.16 (34.25–
70.75) ng?mL-1; p50.001) and those in the stable group (83.72
(47.00–97.25) ng?mL-1 versus 60.25 (39.00–72.75) ng?mL-1;
p50.043). The serum YKL-40 levels of patients in the stable
group were not higher than those in control group (median
60.25 (39.00–72.75) ng?mL-1 versus 55.16 (34.25–70.75) ng?mL-1;
p50.58) (fig. 1b).

In patients with asthma, the correlation between serum YKL-40
levels, total serum IgE levels, the percentage of peripheral
blood eosinophils and the ratio of prebronchodilator FEV1 to
the predicted value were investigated. The findings revealed
that serum YKL-40 levels correlated with serum IgE levels
(r50.298, p50.018) (fig. 2a), the percentage of peripheral blood
eosinophils (r50.272, p50.032) (fig. 2b) and the ratio of FEV1 to
the predicted value (r5 -0.44, p50.001) (fig. 2c).

DISCUSSION
Chitin, a polymer of N-acetylglucosamine, is the second most
abundant polysaccharide in nature. It is found in the walls of
fungi; the exoskeleton of crabs, shrimp and insects; the
microfilarial sheath of parasitic nematodes; and the lining of
the digestive tracts of many insects [10, 11]. Chitin accumula-
tion is regulated by the balance of chitin synthase-mediated
biosynthesis and degradation by chitinases [12]. Although
humans do not have chitin and chitin synthase, studies have
shown that they do express true chitinases, including acidic
mammalian chitinase and chitotriosidase [11, 13]. YKL-40 is a
chitinase-like protein that is also expressed in humans. It binds
chitin but has no chitinase activity. The protein was named

YKL-40 based on its three N-terminal amino acids tyrosine (Y),
lysine (K) and leucine (L), and its molecular mass of 40 kDa
[14]. A role for YKL-40 in inflammation and tissue remodelling
has been suggested previously [2]. Elevated circulating YKL-40
levels were proved to be present in patients with meningitis,
pneumonia, rheumatoid arthritis, osteoarthritis, breast or lung
cancer, and hepatic fibrosis [4, 15, 16]. Furthermore, CHUPP et al.
[5] have recently demonstrated that YKL-40 is strongly
upregulated in the airway epithelium and alveolar macro-
phages of patients with asthma, and that serum YKL-40 levels
are elevated in patients with asthma. Circulating YKL-40 levels
are correlated with asthma severity, the thickness of the
subepithelial basement membrane and pulmonary function,
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FIGURE 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 (Ig)E levels (r50.298,

p50.018); b) the percentage of peripheral blood eosinophils (r50.272, p50.032);

c) forced expiratory volume in 1 s (FEV1)/predicted value (r5 -0.44, p50.001).
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suggesting that circulating YKL-40 levels are a biomarker for
asthma [5]. Additionally, KUEPPER et al. [6] showed that YKL-40
concentrations increased in response to allergen challenge
predominantly at the site of allergen deposition.

Our study manifests that in the Chinese population, circulating
levels of YKL-40 are increased in patients with asthma compared
with healthy people. When the asthma subjects are stratified,
circulating levels of YKL-40 in the exacerbation group are higher
than those in the stable and healthy groups, which suggests that
serum levels of YKL-40 correlate with asthma exacerbation
attacks. In addition, the serum YKL-40 levels correlate positively
with total serum IgE levels and the percentage of peripheral
blood eosinophils, and correlate inversely with lung functions.
Our data showing the comparison of serum YKL-40 levels
between asthma and healthy subjects, and the correlation
between the protein levels and lung functions coincide with
those from the study of CHUPP et al. [5]. A recent study by SOHN et
al. [17] suggested that in an East Asian population (Korean
children), no significant associations between CHI3L1 single
nucleotide polymorphisms (SNPs) and asthma were observed,
while a SNP (g.-247C/T) was found to be associated with atopy
and serum YKL-40 levels. Although this study did not compare
the serum YKL-40 levels of asthmatic subjects with those of
healthy controls directly, it seemed that there were no associa-
tions between serum YKL-40 levels and asthma. The basis for
this potential discrepancy may be due to the differences in the
mean ages of the subjects, since some children with atopy may
develop asthma with increasing age.

In our study, we showed that when exacerbation attacks,
serum YKL-40 levels of patients with asthma are higher than
those of the stable period and healthy persons, and illustrated
the protein’s correlations with total serum IgE and the
percentage of peripheral blood eosinophils among Chinese
asthmatic patients. However, perspective studies will be
required in order to determine whether the serum levels of
YKL-40 would decline when those exacerbation subjects are
completely controlled after treatments; this is the aim of our
further efforts. Although the pathogenetic role of YKL-40 in
asthma remains unclear, our study indicates that high levels of
serum YKL-40 may be a biological characteristic of asthma
exacerbation.
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