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Asthma and Chitinases
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Asthma is a complex and heterogeneous syndrome 
in which the airway mucosa is abnormal and in-
flamed. Although its causes are unknown, there 
are strong clues: it runs in families, and many, 
but by no means all, patients with asthma have 
signs and symptoms of IgE responses to common 
allergens. Asthma has an incomplete association 
with the phenomenon of nonspecific bronchial 
hyperresponsiveness to a variety of stimuli. The 
mechanism of bronchial hyperresponsiveness is 
itself mysterious. A childhood in an environment 
rich in microbes protects against the development 
of asthma in many parts of the world.

In this issue of the Journal, Ober et al.1 contrib-
ute to the understanding of the asthma conun-
drum with their report on the genetic influences 
on asthma and a chitinase-like protein known as 
YKL-40 (in which YKL refers to the terminal se-
quence of the 40 amino acids of the protein). The 
Human Genome Organization Gene Nomencla-
ture Committee now refers to the gene encod-
ing YKL-40 as CHI3L1 (for chitinase 3–like 1).

The level of expression of YKL-40 has previ-
ously been shown to be genetically regulated.2 The 
minor allele of the single-nucleotide polymor-
phism (SNP) rs4950928, –131C→G, disrupts bind-
ing of transcription factors in the CHI3L1 promoter 
and is known to be associated with reduced lev-
els of the protein. Ober et al. now show that the 
serum YKL-40 level is highly heritable in Hutter-
ite families and that rs4950928 accounts for 9.4% 
of its variance.

Some members of the collaborative group in-
cluding Ober previously established that YKL-40 
levels were increased in the lung and circulation 
of patients with severe asthma, and they reasoned 
that YKL-40 could either cause or be a marker for 
asthma.3 The results of the current study by Ober 

et al. support a causal role of YKL-40, suggesting 
that the protein directly influences the asthmatic 
process.

Ober et al. found that, among Hutterites, se-
rum levels of YKL-40 were 15% higher in those 
with asthma, and 10% higher in those with bron-
chial hyperresponsiveness, than in controls. Two 
copies of the wild-type –131C allele (ensuring an 
intact CHI3L1 promoter) were found to be associ-
ated with susceptibility to asthma, indicating that 
−131C acts recessively. The authors also found as-
sociations with asthma of the same recessive CC 
genotype in children approximately 10 years of 
age from Freiburg, Germany, and in adults and 
children from Chicago. Although the significance 
of the association in the Hutterite and Chicago 
populations was limited by the small numbers 
of participants, overall the results are consistent 
and convincing. These findings may be valuable 
in understanding the mechanisms of asthma and 
in determining the risk of asthma in various clini-
cal and epidemiologic contexts.

YKL-40 binds chitin but has no chitinase activ-
ity.4 It is produced at sites of inflammation in 
many cells and is secreted from vascular smooth-
muscle cells and macrophages.4 It is strongly up-
regulated in the airway epithelium and alveolar 
macrophages of patients with asthma.3 It has also 
been implicated in diverse disease processes, in-
cluding rheumatoid arthritis, inflammatory bowel 
disease, schizophrenia, and type 2 diabetes. It has 
previously been shown that another chitinase, 
CHIA (acidic chitinase; also known as AMCase) 
influences cellular infiltration in an ovalbumin-
induced murine model of airway inflammation.5 
Moreover, SNPs in the CHIA gene have been as-
sociated with asthma in German children.6

It is therefore clear that chitinases have a role 
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in the pathogenesis of asthma and other inflam-
matory diseases in humans. However, it is diffi-
cult to understand exactly what this role is. Mam-
malian cells do not make chitin, and fungal or 
parasitic infection was not a common character-
istic of asthma in the subjects studied by Ober 
et al. YKL-40 alters the handling of bacteria by 
colonic epithelial cells7; it may have a similar ef-
fect in the airway mucosa. The lack of knowledge 
about the true functions of chitinases in patients 
with asthma or other diseases reflects the fact that 
most forms of life on earth do not have an adap-
tive immune system and that possibly only a frac-
tion of innate immune mechanisms in humans 
have yet to be discovered or understood.

From the epidemiologic point of view, the re-
sults of Ober et al. suggest that they have identi-
fied an important genetic risk factor for asthma 
but, as with all genetic findings, this impression 
needs to be confirmed through larger surveys. The 
SNP conferring this risk also seems to increase 
susceptibility to bronchial hyperresponsiveness in 
the Hutterites, but given the small numbers of 
persons analyzed, this association cannot be sep-
arated from the association with asthma. The au-
thors did not find a significant association be-
tween the diagnosis of asthma by the age of  
6 years and serum YKL-40 levels or the rs4950928 
SNP (–131C→G) in a birth cohort of children from 
Wisconsin in the Childhood Origins of Asthma 
(COAST) study. This may suggest that some mech-
anisms of asthma differ between children young-
er than 6 years of age and older children and 
adults.

The authors also did not find a significant as-
sociation between the CHI3L1 SNPs and atopy,  
a finding shared with SNPs that regulate another 
gene of unknown function (ORMDL3) associated 
with asthma.8 The disjunction between atopy and 
disease is even stronger in children with atopic 
dermatitis, in whom mutations in genes encoding 
the barrier proteins SPINK59 and FLG10 indicate 
that atopy is a secondary process. The relations 
of atopy with asthma and atopic dermatitis vary 
geographically,11,12 implying that atopy does not 
drive the underlying disease processes (although 
the presence of atopy clearly can lead to symptoms 
that may be responsive to treatment).

This is an exciting time to be studying the ge-
netics of asthma, with large-scale, collaborative, 
whole-genome association studies under way in 
the United States and Europe. These are expected 
to yield results within the next year, and epide-
miologists may quickly be able to translate genetic 
associations into a better classification of the dis-
ease. The study by Ober et al. identifies the next 
challenge: understanding how each implicated 
gene contributes to asthma.
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