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BACKGROUND

The evolutionarily conserved 18-glycosyl-hydrolase family contains true chitinases and 
chitinase-like proteins that lack enzymatic activity. Acidic mammalian chitinase has 
recently been associated with animal models of asthma. The related chitinase-like 
protein, YKL-40 (also called human cartilage glycoprotein 39 [HCgp-39] and chitin-
ase 3–like 1), can be readily measured in the serum. However, its relationship to asthma 
has not been evaluated.

METHODS

We quantified serum YKL-40 levels in three cohorts of patients with asthma — one 
recruited from the patient population at Yale University, one from the University of 
Paris, and one from the University of Wisconsin — as well as in controls from the 
surrounding communities. In the Paris cohort, immunohistochemical analysis and 
morphometric quantitation were used to evaluate the locus of expression of YKL-40 
in the lung. The clinical characteristics of the patients with high serum or lung 
YKL-40 levels were also evaluated.

RESULTS

Serum YKL-40 levels were significantly elevated in patients with asthma as compared 
with controls. In the Paris cohort, lung YKL-40 levels were elevated and were cor-
related with circulating YKL-40 levels (r = 0.55, P<0.001) and with airway remodel-
ing (measured as the thickness of the subepithelial basement membrane) (r = 0.51, 
P = 0.003). In all three cohorts, serum YKL-40 levels correlated positively with the sever-
ity of asthma and inversely with the forced expiratory volume in 1 second. Patients with 
elevated levels of YKL-40 had significantly more frequent rescue-inhaler use, greater 
oral corticosteroid use, and a greater rate of hospitalization than patients with lower 
levels.

CONCLUSIONS

YKL-40 is found in increased quantities in the serum and lungs in a subgroup of pa-
tients with asthma, in whom expression of chitinase in both compartments correlates 
with the severity of asthma. The recovery of YKL-40 from these patients indicates either 
a causative or a sentinel role for this molecule in asthma.
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Chitinases are a family of evolu
tionarily conserved hydrolases character-
ized by the ability to cleave the environmen-

tally abundant polysaccharide chitin.1-3 Mammals 
do not synthesize chitin, but they do synthesize 
chitinases.4 We recently showed, in an animal 
model of asthma, that chitinases are important ef-
fector molecules in the airway inflammation that 
occurs in the disease.5,6 In those studies, a true 
chitinase, acidic mammalian chitinase, was shown 
to play a critical role in inflammation driven by 
type 2 helper T (Th2) cells and was expressed in 
an exaggerated manner in tissues from patients 
with asthma. Those experiments also demonstrat-
ed that the level of expression of the chitinase-
like protein YKL-40 (a chitinase homolog, also 
called human cartilage glycoprotein 39 [HCgp-39] 
and chitinase 3–like 1, that lacks chitinase activity) 
was increased during Th2-type inflammation.7 Al-
though a number of studies have suggested that 
YKL-40 has a role in inflammation and tissue re-
modeling in human disease,8-12 its expression in 
human asthma has not been investigated.

We hypothesized that the level of expression of 
YKL-40 would be increased in patients with asth-
ma and would correlate with the severity of the 
asthma. To test this hypothesis, we quantitated the 
levels of circulating YKL-40 in three cohorts of 
patients with asthma and controls and compared 
these findings with the severity of asthma, levels 
of expression of YKL-40 in the airway, and mea-
sures of airway remodeling.

Me thods

Study Design and Subjects

We performed a cross-sectional analysis of serum 
samples from an established cohort of patients 
with asthma from Yale University, in New Haven, 
Connecticut, plus controls. On the basis of the re-
sults of this exploratory analysis, we analyzed sets 
of serum samples from a cohort of patients with 
asthma from the University of Paris, plus controls, 
and from a cohort of patients with asthma from 
the University of Wisconsin in Madison, plus 
controls. In addition, the levels of expression of 
YKL-40 in the airway and their relationship to se-
rum YKL-40 levels was investigated in the Paris 
cohort. The methods of recruitment of patients 
with asthma and controls from the surrounding 
community were similar at each of the three cen-
ters. Each center had its own inclusion and exclu-

sion criteria for controls and patients with asth-
ma and its own criteria for the severity of asthma, 
based on established guidelines (see the Supple-
mentary Appendix, available with the full text of 
this article at www.nejm.org).13

In the Yale and Wisconsin cohorts, patients 
with asthma were stratified according to the se-
verity of asthma as defined by medication require-
ments to achieve asthma control (the use of a 
rescue inhaler ≤2 days per week). The case defini-
tion for mild asthma was asthma requiring the 
use of 200 μg or less of fluticasone per day, or 
the equivalent, to achieve asthma control. Mod-
erate asthma was defined as that requiring the 
use of 200 to 800 μg of fluticasone per day, or 
the equivalent, to achieve control. In the Paris 
cohort, the case definition for mild asthma was 
asthma requiring exclusive treatment with short-
acting inhaled β2-agonists only when needed for 
asthma symptoms. The definition of moderate 
asthma was asthma requiring treatment with 
250 to 500 μg of f luticasone per day, or the 
equivalent, in addition to long-acting β2-agonists 
to achieve asthma control. In contrast to the Yale 
and Wisconsin cohorts, for the Paris cohort, the 
evaluation of pulmonary function was also used 
in the case definition for asthma: patients with 
mild or moderate disease had a prebronchodilator 
forced expiratory volume in 1 second (FEV1) of 80% 
or more of the predicted value and a ratio of FEV1 
to forced vital capacity (FVC) of 0.70 or more; pa-
tients with severe asthma had a prebronchodila-
tor FEV1 of less than 70% of the predicted value 
and a ratio of FEV1 to FVC of less than 0.70. In all 
three cohorts, patients with severe asthma ful-
filled the definition of severe asthma adopted by 
the American Thoracic Society Workshop on Re-
fractory Asthma.14

Our studies were approved by the human in-
vestigation committees at all three institutions. All 
subjects gave written informed consent.

Measurement of Serum ykl-40  
and Serum IgE Levels

Measurement of serum YKL-40 and serum IgE 
levels was performed in duplicate with the use of 
commercially available enzyme-linked immuno-
sorbent assay (ELISA) kits (for YKL-40, Quidel; 
for IgE, Pharmacia or Dade-Behring); median val-
ues are presented. The minimum detection limit 
of the YKL-40 assay is 20 ng per milliliter. We 
evaluated the specificity of the YKL-40 ELISA by 
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confirming that the capture and detection anti-
bodies lacked cross-reactivity to other human chi-
tinases, including acidic mammalian chitinase, 
YKL-39, and chitotriosidase.

Fiber-Optic Bronchoscopy and Sample 
Collection

At the University of Paris, bronchoscopy was per-
formed to obtain specimens for biochemical and 
immunohistochemical analysis. The bronchoscopy 
was performed on the same day as phlebotomy, ac-
cording to the guidelines of the American Thoracic 
Society.15,16 The participating patients with asth-
ma had not had an exacerbation within 2 months 
before bronchoscopy. Bronchoalveolar lavage was 
performed with the use of 50 ml of sterile saline, 
and the samples were immediately centrifuged (at 
150×g for 10 minutes at 4°C). Cytospin preparations 
from cell pellets were fixed in acetone for 10 min-
utes at room temperature. Four bronchial-biopsy 
specimens were taken from the bifurcations of the 
right middle or lower lobes, immediately immersed 
in Tissue-Tek compound (Sakura Finetek), snap-
frozen in liquid nitrogen, and kept at −80°C until 
they were processed.

Immunohistochemical and Morphometric 
Analyses

Serial 5-μm sections of bronchial-biopsy specimens 
were mounted on glass slides coated with γ-meth-
acryloxypropyltrimethoxysilane (Sigma) and fixed 
in acetone for 10 minutes at room temperature. Im-
munohistochemical analysis was performed as 
previously described.16 The primary antibody was 
rabbit anti–human YKL-40 antibody (1 μg per mil-
liliter) (MedImmune). Control antibodies were rab-
bit IgG (DakoCytomation) and anti–YKL-40 anti-
body coincubated with 1 μg of recombinant human 
acidic mammalian chitinase and chitotriosidase 
per milliliter. The secondary antibody was biotin-
conjugated antirabbit antibody. Detection was ac-
complished with the use of the avidine–alkaline 
phosphatase complex (Vector), fast red (DakoCyto-
mation), and a light nuclear Mayer’s hematoxylin 
counterstain.

The number of YKL-40–positive cells was 
counted per cubic millimeter of bronchial epithe-
lium and subepithelium in tissue sections. The 
total biopsy area (in cubic millimeters) and thick-
ness of the subepithelial basement membrane 
were determined by means of morphometry and 
computer-assisted image analysis (Microvision In-

struments).16 The areas of biopsy were similar 
among patients with mild asthma, those with 
moderate asthma, those with severe asthma, and 
controls (median, 0.433 to 0.496 mm2; P = 0.40 by 
the Kruskal–Wallis test). Immunohistochemical 
measurements were made at a magnification of 
400, and the total biopsy area and thickness of 
the subepithelial basement membrane were as-
sessed at a magnification of 60.

Statistical Analysis

Analyses were performed with the use of SPSS 
software, version 6.1.3, or MedCalc. We compared 
the characteristics of subjects using the Kruskal–
Wallis test and Pearson’s chi-square test. Simple 
associations were assessed with the use of Spear-
man’s rank-correlation analysis. YKL-40 levels were 
not normally distributed and therefore were log-
arithmetically transformed. The assumption of nor-
mality of the log-transformed values was verified 
by means of the Kolmogorov–Smirnov test, and the 
values were compared among the study groups 
with the use of the independent-samples t-test and 
analysis of covariance with a test for linear trend. 
The YKL-40 levels are expressed as medians and 
interquartile ranges. Post hoc comparisons of pair-
wise differences between patients with mild asth-
ma, those with moderate asthma, and those with 
severe asthma were evaluated with significance 
tests corrected with the use of Tukey’s test. Multi-
variable linear regression analysis was performed 
to determine the associations of variables with 
YKL-40 in the entire study sample (patients with 
asthma and controls). The coefficient of variation 
representing the intrasubject variability was calcu-
lated as the square root of the mean squared co-
efficient of variation for each subject’s measure-
ments over the study period.

R esult s

Characteristics of the Patients

In the Yale cohort, there were significant differ-
ences between controls and patients with asthma 
in factors associated with asthma; for example, 
patients with asthma had a higher mean body-mass 
index (BMI) (P = 0.01), a history of atopy (P = 0.001), 
and elevated IgE levels (P = 0.001) (Table 1).17 More 
black and Latino patients had severe asthma as 
compared with mild or moderate asthma. As com-
pared with patients with mild or moderate asthma, 
those with severe asthma had a history of more 
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hospitalizations, intubations, use of rescue medi-
cation, and periods of tapering of oral corticoste-
roids; a longer duration of asthma; and more se-
verely compromised pulmonary function.

In the Paris cohort, there were significant dif-
ferences in the levels of IgE, dose of inhaled corti-
costeroids used for the treatment of asthma, and 
lung function among patients with mild asthma, 
those with moderate asthma, and those with se-
vere asthma (Table 1). In the Wisconsin cohort, the 
severity of asthma was significantly associated 
with age at asthma onset, asthma duration, num-
ber of patients hospitalized for asthma, history of 
urgent care visits, inhaled-corticosteroid dose, 
and pulmonary function; these characteristics were 
generally similar to those in the Yale cohort 
(Table 1).

Serum ykl-40 Levels

In the Yale cohort, the serum YKL-40 levels in 
patients with asthma were higher than those in 
controls (median, 69.7 ng per milliliter [interquar-
tile range, 40.0 to 107.1] vs. 58.3 ng per milliliter 
[40.0 to 73.3]; P = 0.02) (Fig. 1A). Among 40 patients 
with stable asthma and controls who had a total 
of 114 repeat measurements during the 4-year study 
period (20 subjects had two measurements, 10 had 
three measurements, 8 had four measurements, 
1 had five measurements, and 1 had seven mea-
surements), the mean coefficient of variation per 
subject was 37% (data not shown).

The findings in the Yale cohort were subse-

quently confirmed in the Paris cohort (Fig. 1B). 
Although this population was smaller than the 
Yale population, serum YKL-40 levels were signifi-
cantly elevated in patients with asthma as com-
pared with controls (median, 97.7 ng per milliliter 
[interquartile range, 26.8 to 103.5] vs. 41.5 ng per 
milliliter [11.5 to 57.8]) (P = 0.002).

Immunohistochemical Analysis of ykl-40  
in the Lung

The expression of YKL-40 in bronchial-biopsy spec-
imens was evaluated in the Paris cohort (Fig. 2). 
These studies showed that there were few YKL-40–
expressing cells in controls, with significantly in-
creased numbers in patients with asthma (medi-
an, 3.1 YKL-40–positive cells per cubic millimeter 
[interquartile range, 2.1 to 7.4] vs. 16.2 per cubic 
millimeter [9.1 to 30.2]) (P = 0.005). YKL-40 stain-
ing was seen in subepithelial cells from the major-
ity of patients with asthma (Fig. 2). Among patients 
with severe asthma, the number of subepithelial 
cells with YKL-40 staining was increased, and 
staining of the bronchial epithelium was also 
evident (Fig. 2D and 2E). In cytospin prepara-
tions of bronchoalveolar-lavage specimens from 
the patients with severe asthma, YKL-40 was also 
noted in the cytoplasm of macrophages and neu-
trophils (Fig. 2F). In patients with asthma, lung 
YKL-40 levels correlated with serum YKL-40 lev-
els (r = 0.55, P<0.001) (Fig. 3). No correlation was 
found between the number of YKL-40–positive 
cells in biopsy specimens and the number of in-
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Figure 1. Serum YKL-40 Levels in the Yale and Paris Cohorts.

The levels of circulating YKL-40 were assessed in subjects from Yale University (Panel A) and the University of Paris 
(Panel B). Values are expressed as the median (horizontal line in each box), with the 25th and 75th percentiles (top 
and bottom of each box) and the 10th and 90th percentiles (top and bottom of each I bar).
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flammatory cells (macrophages, eosinophils, lym-
phocytes, or neutrophils) in bronchoalveolar-lavage 
specimens (data not shown).

ykl-40 Expression, Severity of Asthma,  
and Thickness of the Subepithelial  
Basement Membrane

On the basis of the findings described above, the 
relationship between YKL-40 levels in the airway 
and the severity of asthma was evaluated (Fig. 4). 
These studies showed that, in the Paris cohort, the 
median number of tissue cells expressing YKL-40 
correlated positively with the severity of asthma, 
with 3.1 cells per cubic millimeter (interquartile 
range, 2.1 to 7.4) in controls, 13.7 per cubic milli-
meter (3.0 to 28.3) in patients with mild asthma, 
11.3 (7.9 to 17.5) in those with moderate asthma, 
and 23.1 per cubic millimeter (15.2 to 54.1) in those 
with severe asthma (P for trend = 0.003) (Fig. 4A).

We then studied the relationships among the 
severity of asthma, the thickness of the subepithe-
lial basement membrane, or YKL-40 levels by com-
paring these variables in patients in the Paris co-
hort. The subepithelial basement membrane was 

thicker in patients with mild or moderate asthma 
(median, 9.4 μm [interquartile range, 7.0 to 10.9] 
and 9.2 μm [8.8 to 10.8], respectively), than in 
controls (4.7 μm [3.9 to 4.9]; P<0.001 for both 
comparisions) and was thickest in the patients 
with severe asthma (12.4 μm [11.5 to 13.4]; 
P<0.001, P<0.001, and P = 0.003 for the compari-
sion with controls, patients with mild asthma, and 
patients with moderate asthma, respectively). There 
was a significant correlation between the thick-
ness of the subepithelial basement membrane and 
the serum YKL-40 levels in this cohort (r = 0.51, 
P = 0.003) (Fig. 4B).

The circulating YKL-40 levels and the severity 
of asthma were also evaluated among patients 
with asthma in all three cohorts. In the Yale co-
hort, the median YKL-40 levels were 49.1 ng per 
milliliter (interquartile range, 36.7 to 94.2) among 
patients with mild asthma, 68.4 ng per milliliter 
(38.0 to 88.0) among those with moderate asthma, 
and 77.0 ng per milliliter (44.6 to 158.4) among 
those with severe asthma (P for trend = 0.003) 
(Fig. 4C). This association between the severity of 
asthma and the circulating YKL-40 levels was also 
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evident in the Paris cohort, with a median of 
45.5 ng per milliliter (interquartile range, 24.5 to 
78.5) among patients with mild asthma, 41.0 ng 
per milliliter (25.0 to 67.0) among those with mod-
erate asthma, and 94.0 ng per milliliter (72.0 to 
181.5) among those with severe asthma (P for 
trend = 0.007) (Fig. 4D), and in the Wisconsin co-
hort, with 37.5 ng per milliliter (25.1 to 60.9), 
62.5 ng per milliliter (42.8 to 80.0), and 64.1 ng per 
milliliter (45.8 to 82.2), respectively (P for trend =  
0.048) (Fig. 4E). Serum YKL-40 levels also corre-
lated inversely with the FEV1 in all three cohorts 
(Yale: r = −0.22, P = 0.01; Paris: r = −0.21, P = 0.005; 
and Wisconsin: r = −0.33, P = 0.009). Thus, the cir-
culating YKL-40 levels correlated with the sever-
ity of asthma, the thickness of the subepithelial 
basement membrane, and pulmonary function in 
these cohorts.

Characteristics of Patients with High  
ykl-40 Levels

To further investigate high circulating YKL-40 lev-
els, we performed a post hoc analysis of the data 
for correlations between serum YKL-40 levels and 
asthma characteristics in the Yale cohort (Table 2). 
The YKL-40 levels correlated positively with a num-
ber of clinical measurements associated with se-
vere asthma, including the number of oral corti-
costeroid tapering periods in the previous year, the 

dose of oral corticosteroids, and the frequency of 
rescue-inhaler use, and correlated negatively with 
the percentage of the predicted FEV1. YKL-40 lev-
els did not correlate with the age at the onset of 
asthma, the duration of asthma, the number of in-
tubations or hospitalizations, the serum IgE level, 
or the inhaled-corticosteroid dose.

A post hoc multivariable analysis of the data for 
the Yale cohort was also undertaken to determine 
whether the correlation between YKL-40 levels and 
the severity of asthma persisted after adjustments 
for confounders that differed significantly ac-
cording to the severity of asthma and affected 
YKL-40 levels — including age, sex, race or eth-
nic group, history of atopy, BMI, and serum IgE 
level (Table 2). In accordance with our initial ob-
servations, this analysis showed that the severity 
of asthma was independently associated with 
YKL-40 levels after adjustment for these factors 
(P for trend = 0.02).

A pairwise examination of differences among 
the three asthma-severity groups revealed that pa-
tients with severe asthma had significantly higher 
YKL-40 levels than either those with mild asthma 
or those with moderate asthma (P = 0.006 and 
(P = 0.004, respectively). Furthermore, patients with 
asthma who had serum YKL-40 levels above the 
50th percentile (60.94 ng per milliliter) had more 
impaired lung function and required higher doses 
of corticosteroids than those with YKL-40 levels 
below this threshold (P = 0.04 and P = 0.007, respec-
tively) (data not shown).

Discussion

Our data from three independently recruited pop-
ulations of patients with asthma show that circu-
lating levels of YKL-40 are increased in patients 
with asthma, as compared with healthy persons, 
and correlate with the severity of disease. In addi-
tion, the serum YKL-40 levels correlate positively 
with the level of expression of YKL-40 in the air-
way, the thickness of the subepithelial basement 
membrane, and clinical indexes of disease sever-
ity and correlate inversely with lung function. Al-
though these findings do not allow us to determine 
whether YKL-40 is a link in the chain of pathogen-
esis of more severe asthma or a sentinel molecule 
indicating more severe disease, they support the 
hypothesis that YKL-40 plays an important role in 
determining the pathobiologic characteristics of 
severe asthma.
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Figure 3. Correlation between YKL-40 Levels in Bronchial-Biopsy Specimens 
and Serum YKL-40 Levels in Patients with Asthma.

The correlation coefficient is from a univariate Spearman’s rank-correlation 
analysis.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 9, 2009 . For personal use only. No other uses without permission. 



A Chitinase-like Protein in Patients with Severe Asthma

n engl j med 357;20  www.nejm.org  november 15, 2007 2025

Multivariable analysis showed that the associa-
tion between severe asthma and elevated serum 
YKL-40 levels persisted even after adjustments 
were made for other variables associated with the 
severity of asthma, including race or ethnic group, 
sex, and BMI. Although this finding suggests that 
elevated circulating YKL-40 levels are a general 
feature of patients with severe asthma, the asso-
ciation was largely due to increases in the serum 
YKL-40 levels in the subpopulation of patients 
with severe asthma. One interpretation of this 
finding is that severe asthma is a heterogeneous 
disorder and that elevated YKL-40 levels indicate 
a pathobiologically distinct form of the disease.

Our studies showed that the association be-
tween YKL-40 and asthma could be generalized 

across populations of patients with asthma of 
varying severity, as defined with the use of various 
criteria, and during treatment with their usual 
therapeutic regimens. This allowed for the evalu-
ation of multiple cohorts of patients with asthma 
under “real world” conditions. However, as a result 
of this design, the studies were cross-sectional, the 
populations were not strictly controlled in terms 
of medication use, an exacerbation study was not 
conducted, and biopsy specimens were available 
for only one cohort. These limitations need to be 
kept in mind in interpreting our findings.

Chitin, a polymer of N-acetylglucosamine, is the 
second most abundant polysaccharide in nature. 
It is an essential part of the exoskeleton of crusta-
ceans and insects, the walls of fungi, and the mi-
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Figure 4. Correlation of YKL-40 with Severity of Asthma.

Morphometric analysis of lung-biopsy specimens showed that the number of cells expressing YKL-40 correlated positively with the severity 
of asthma (Panel A). Univariate Spearman’s rank-correlation analysis showed a significant correlation between the serum YKL-40 levels 
and airway remodeling as measured by the thickness of the subepithelial basement membrane (SBM) (Panel B). Circulating levels of 
YKL-40 were significantly associated with the severity of asthma among the patients with asthma recruited from Yale University (Panel C), 
the University of Paris (Panel D), and the University of Wisconsin (Panel E). In Panels A, C, D, and E, values are expressed as the median 
(horizontal line in each box), with the 25th and 75th percentiles (top and bottom of each box) and the 10th and 90th percentiles (top 
and bottom of each I bar).
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crofilarial sheath of nematodes.2,3,18-20 In these 
settings, chitin confers protection against the 
harsh conditions in the environment of the organ-
ism. Although mammals do not produce chitin, 
studies have shown that they do express true chi-
tinases, including acidic mammalian chitinase and 
chitotriosidase.1,21-23 These studies also identified 
the chitinase-like protein YKL-40, which binds 
chitin but lacks chitinase activity.12 Although the 
biologic characteristics of YKL-40 and other chi-
tinase-like proteins remain incompletely under-
stood, a role in inflammation and tissue remod-
eling has been suggested by the findings that 
YKL-40 and its murine homolog (breast regression 
protein 39) regulate stromal-cell proliferation, dif-
ferentiation, and survival and that elevated circu-
lating YKL-40 levels are present in patients with 
meningitis, pneumonia, rheumatoid arthritis, os-
teoarthritis, breast or lung cancer, and hepatic fi-
brosis.10,24,25 Our studies add to the understanding 
of the biologic characteristics of chitinase-like pro-
teins by defining important relationships between 
circulating YKL-40 levels and severe asthma.

In conclusion, we have shown that YKL-40 is 
found in increased quantities in the circulation 
and lungs of a subpopulation of patients with 
asthma, in whom the protein levels correlate posi-
tively with the severity of disease and the thick-
ness of the subepithelial basement membrane and 
inversely with lung function. Although our data 
suggest that YKL-40 either participates in the 
pathogenesis of asthma or is a biomarker of sever-
ity, prospective studies will be required to deter-
mine the setting in which serum YKL-40 levels 
increase in relation to the development of severe 
disease, whether YKL-40 levels are stable or in-
crease during exacerbations of asthma, and the 
potential role of serum YKL-40 levels in the man-
agement of asthma and asthma research. Our data 
do, however, indicate that the biologic character-
istics of YKL-40 should be incorporated into the 
understanding of the pathobiologic characteristics 
of asthma.
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None (controls) 58.6 (45.4–75.6)
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