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Rationale: Chitinases are enzymes that cleave chitin, a polysaccha-
ride contained in many parasites of humans. Recent studies in
mouse models of bronchial asthma have shown that acid mamma-
lian chitinase (AMCase) is involved in the pathophysiology of
asthma. It acts downstream of interleukin-13; inhibition of AMCase
leads to an abrogated T-helper cell 2 inflammation, less bronchial
hyperreactivity, and fewer eosinophils.
Objectives: The aim of this study was to identify common genetic
variants in human AMCase and to use them to test for association
of AMCase with pediatric asthma.
Methods: By sequencing the promotor region and all 11 exons on
30 individuals, 12 high-frequency polymorphisms were identified.
Genotyping of six variants in exons and one promotor polymor-
phism was performed on the following populations by means of
restriction fragment length polymorphisms: 322 children with
asthma, 270 randomly chosen adult controls, and a pediatric control
population consisting of 565 children who, at age 10 yr, had never
wheezed and never been diagnosed having asthma.
Measurements and Main Results: We identified three known and two
new amino acid variants. Analyses by the Armitage’s trend test
using both control populations showed association of the newly
identified variant K17R and the nearby noncoding polymorphism
rs3818822 with asthma (p � 0.0031 and p � 0.0003, respectively).
In addition, haplotype analyses revealed strong association of hap-
lotypes with the disease (asthma population vs. pediatric control
subjects, p � 10�10).
Conclusions: This newly described association between AMCase
polymorphisms and asthma adds further evidence supporting the
involvement of AMCase in the development of asthma.
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Chitin represents the second most abundant polysaccharide on
earth, next to cellulose. It is expressed in the wall of fungi, in
the microfilarial sheath of parasitic nematodes, and the exoskele-
ton of all types of arthropods. Chitin can be degraded by special
enzymes—the so-called chitinases. Although these enzymes are
highly conserved between species during the course of evolution
(1), it was believed for a long time that chitinases had no function
in humans because it was assumed that humans completely lack
endogenous chitin and endogenous substrates for chitinases.
Only in recent years has it become evident that chitinases also
exist in humans and more has been learned about their role in
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human diseases. The first identified chitinase is called chitotriosi-
dase (2). Chitotriosidase has gained attention in the context of
Gaucher disease, in which strong elevation of chitotriosidase
activity can be measured in plasma (3).

Some years ago, a second chitinase was identified (4). This
enzyme has a pH optimum at around 2 and is therefore called acid
mammalian chitinase (AMCase). Only recently, Zhu and col-
leagues have observed the important function of AMCase in the
development of bronchial asthma in a mice model (5). AMCase
is highly expressed in lungs of mice sensitized to ovalbumin. Inhibi-
tion of AMCase leads to an abrogated T-helper cell type 2 inflam-
mation, to reduced bronchial hyperreactivity, and lower eosinophil
counts. Furthermore, it was demonstrated that AMCase acts down-
stream of interleukin-13. Similar results were obtained with two
other chitinase homologous proteins in mice models (6). A gene
expression study in two different mouse models of asthma found
AMCase highly expressed in the asthmatic phenotype (7).

In humans, AMCase is highly expressed in lungs of patients
with asthma, but not in healthy lungs (5). Another study found
that expression of AMCase mainly occurred in alveolar macro-
phages and the gastrointestinal tract, whereas chitotriosidase
was only expressed by phagocytes (8).

Two intriguing studies have suggested that chitin might pro-
tect from asthma: mice given orally small amounts of chitin
before and during allergen immunization showed decreased IgE
levels and lung eosinophils compared with mice not given chitin
(9). In addition, the intranasal application of chitin reduces the
allergic hypersensitivity to house dust mite antigen and Asper-
gillus fumigatus in mice (10).

So far, not much is known about the function of chitinases
in humans. As the enzyme cleaves chitin, it might protect humans
against the infections by the previously mentioned pathogens as
already shown in mice models (11). The possible involvement
of AMCase in the development of bronchial asthma might thus
be particularly interesting in the context of the so-called hygiene
hypothesis (12).

The aim of this study was to test AMCase gene variants for
association with childhood bronchial asthma.

METHODS

Approval

The study was approved by the ethical committees of the University
of Freiburg and Berlin, respectively. A statement of informed consent
was signed by all participants or, in the case of children, signed by their
parents.

Subjects

A total of 322 children with bronchial asthma (ages, 5–18 yr; mean age,
9.9 yr; 34% female, 66% male) were recruited between July 2000 and
January 2005. An extended medical history was recorded, including
occurrence and duration of wheezing symptoms, previous and acute
medications, severity of previous asthma attacks, previous allergic rhini-
tis or conjunctivitis, atopic dermatitis, and any family history of allergic
diseases.
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Recruitment criteria were as follows: a clear-cut history of asthmatic
symptoms, the use of antiasthmatic medication, and the presence of
bronchial hyperreactivity. Bronchial hyperreactivity was defined as a
fall in FEV1 by at least 15% in histamine testing or exercise provocation
after standard lung function testing procedure (13). The protocol for
clinical testing has been described in detail previously (14). Only chil-
dren who fulfilled the criteria bronchial hyperreactivity were included.

Adult Control Population

A total of 270 randomly chosen probands were used as control subjects
(ages, 19–40 yr; mean age, 24.6 yr; 53% female, 47% male). They
originated from the same area of Germany. No medical history was
taken and no medical testing was performed on control subjects.

Pediatric Control Population

These children were recruited as part of the Multicenter Allergy Study
cohort that has been described in detail previously (15). Briefly, 1,314
children born in 1990 were enrolled in a prospective noninterventional
birth cohort study. The infants were followed from birth to 10 yr of
age. Clinical evaluations included structured interviews focusing on
relevant symptoms of asthma, bronchial hyperreactivity, and atopy.
DNA was collected from 888 children. Children who had a negative
history for wheezing and no diagnosis of asthma ever were selected as
pediatric control subjects (n � 565).

Genotyping

DNA was extracted from peripheral blood leukocytes after standard proto-
cols (DNA Midikit; Qiagen, Germany). All polymorphisms were typed
by means of restriction fragment length polymorphisms; see Table 1 for
the conditions.

Sequencing

The promotor and all exons of AMCase were sequenced in 15 people
with asthma and 15 control subjects. Furthermore, for each polymor-
phism under investigation, three control subjects (homozygous wild-
type, heterozygous, and homozygous mutation) were sequenced by the
dideoxy chain termination method (16) using the Big Dye Terminator
cycle sequencing kit on an ABI 310 sequencer (Applied Biosystems,
Darmstadt, Germany). All of the following studies included these refer-
ence individuals.

Statistical Analysis

An association analysis was performed for each polymorphism using
Armitage’s trend test. This test takes into account the individuals’ geno-
types rather than just the alleles, following the guidelines given by Sasieni
(17) as implemented in the program Finetti (http://ihg.gsf.de/cgi-bin/
hw/hwa1.pl and http://ihg.gsf.de/linkage/download/finetti.zip). Hardy-
Weinberg equilibrium was calculated for each polymorphism in the
populations also using the Finetti program. In addition to analyses
based on single polymorphisms, we performed haplotype frequency

TABLE 1. CONDITIONS FOR THE RESTRICTION FRAGMENT LENGTH POLYMORPHISM

Polymorphism Base Pair Substitution Primer PCR Conditions Restriction Enzyme

rs12033184 A/C 5�-ACAGTACGCAGCTGAGCAAA-3� 65�–55�C in �0.5�C steps, 40 cycles MboII
5�-TGAGTTTTGGGGGAACTCAT-5�

rs3818822 A/G 5�-CCATTGGAGGCTGGAACTCC-3� 51�C, 35 cycles HpaII
5�-CCCCAAATGTCCACCAAAT-3�

K17R A/G 5�-GTCTCACCCTGCCTTCTTTG-3� 56�C, 35 cycles ApoI
5�-ACCCAATTCTCCTCGGAAAG-3�

rs2275253 A/G 5�-CCTGAAAAATGGAGCCACTC-3� 59�C, 40 cycles TaiI
5�-GCCTTCTTCAGGGTGGAGAT-3�

rs2275254 C/T 5�-CCTGAAAAATGGAGCCACTC-3� 59�C, 40 cycles ApoI
5�-GCCTTCTTCAGGGTGGAGAT-3�

F269S T/C 5�-CCTGAAAAATGGAGCCACTC-3� 60�C, 35 cycles AluI
5�-GTGGGAAGACATCAGGGTTG-3�

rs2256721 G/T 5�-AGGCAGTGGATTCTGTGCCG-3� 56�C, 40 cycles NgoMIV
5�-TAGGTAGGGGCAACATGTCC-3�

Definition of abbreviation: PCR � polymerase chain reaction.

estimations by using the programs FASTEHPLUS (18) and FAMHAP
(19), as previously described in detail (20).

RESULTS

Identification of Polymorphisms

We started our investigation by genotyping those three amino
acid variants that were already listed in public single nucleotide
polymorphism (SNP) databases (http://snpper.chip.org/ and http://
www.ncbi.nlm.nih.gov/SNP/); that is, rs2275253 (� amino acid ex-
change I231V), rs2275254 (� F246S), and rs2256721 (� V324G).
Association analysis of these three SNPs showed no association
with bronchial asthma; however, haplotypes of these SNPs were
in association with asthma with the p value of 0.0001.

Consecutively, we sequenced all 11 exons and the promotor
region up to �1,000 bp before base 1 in exon 1 in 30 individuals.
We identified the following polymorphisms in the promotor region
(for those SNPs that were already listed in public databases the rs
number is given): rs12023321, rs12033184, rs11102234, C/T 23 bp
in front of rs12023459, rs12023459, and rs11102235. We found these
variants (the given base pair number corresponds to the number
in the respective exon) in exon 4, A47G (rs3818822); in exon 5
A50G, leading to the amino acid exchange K17R; and in exon 10,
T95C, leading to the amino acid exchange F269S.

Genotyping

All six SNPs located in exons and one promotor SNP were typed
on 322 patients with asthma and the two control populations.
The allelic frequency and the Hardy-Weinberg equilibrium in
all three populations are given in Table 2. All SNPs were in the
Hardy-Weinberg equilibrium in control subjects and patients
with asthma. The genotype distribution is given in Table 3.

Association Analyses

The results of the association analyses by the Armitage’s trend
test is given in Table 3. The newly identified amino acid variant
K17R showed clear association with asthma using the adult and
the pediatric control population (p � 0.0031 and p � 0.0172,
respectively). In addition, the next nearby located noncoding
SNP in exon 4 rs3818822 showed association with the disease
(p � 0.0197 and p � 0.0003, respectively).

Haplotype Analyses in the Adult Control Population

All haplotypes with a frequency of at least 0.01 in either popula-
tion are listed in Table 4. The distribution of the haplotypes
differed significantly between patients with asthma and adult
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TABLE 2. FREQUENCY OF THE POLYMORPHISMS AND RESULTS OF HARDY-WEINBERG
EQUILIBRIUM FOR THE ASTHMA AND THE CONTROL POPULATION OBTAINED WITH THE
PROGRAM FINETTI

Allelic Frequency Hardy-Weinberg Equilibrium

Control Subjects Control Subjects

Polymorphism Position Amino Acid Exchange Asthma Adults Children Asthma Adults Children

Rs12033184 Promotor — 0.417 0.418 0.433 0.962 0.445 0.2782
Rs3818822 Exon 4 — 0.110 0.158 0.175 0.082 0.843 0.6749

Exon 5 K17R 0.886 0.823 0.843 0.158 0.953 0.4782
Rs2275253 Exon 9 I231V 0.323 0.280 0.279 0.452 0.129 0.9234
Rs2275254 Exon 10 F246S 0.625 0.617 0.598 0.065 0.103 0.2117

Exon 10 F269S 0.967 0.965 0.966 1.000 0.280 1.000
Rs2256721 Exon 11 V324G 0.696 0.734 0.733 0.125 0.119 0.1849

Given is the frequency of the “wild-type” allele according to the sequence NM_201653.

control subjects by p � 0.000020 (calculated with FAMHAP;
100.000 simulations). Using the program FASTEHPLUS, a �2

of 84.24 was obtained. Correcting for all theoretically possible
haplotypes minus 1—that is, for 127 degrees of freedom (df)—a
p value of 0.9987 was obtained. However, correcting only for those
40 haplotypes that actually occurred in our populations, the p value
was 0.000039 (df, 39).

Haplotype Analyses in the Pediatric Control Population

The haplotype distribution of the pediatric population is also
shown in Table 4. The haplotypes with the widest difference in
frequency between control subjects and patients with asthma are
shown in bold. It is obvious that the pediatric control population
differs even more from the patients with asthma than the adult
control subjects. This accounts particularly for the haplotypes 1
2 1 1 2 1 2 and 2 2 1 1 2 1 2. Interestingly, these two haplotypes
only differ in the first polymorphism, rs12033184. This SNP does
not show any association with asthma when taken alone, but
thus seems to be very important in the context of haplotypes.

The high difference in haplotype distribution is reflected by
a p value for association of 0.000000 gained by FAMHAP and
a �2 of 114.08 by FASTEHPLUS. The latter leads to a p value
of less than 10�10 when correcting for those haplotypes that
occurred in the populations.

DISCUSSION

By sequencing AMCase in 30 individuals, we identified three
known and two new amino acid variants. These polymorphisms
and two SNPs of the 5� region were genotyped on children with
asthma, adult control subjects, and a pediatric control popula-
tion. We found association of the newly identified variant K17R

TABLE 3. GENOTYPE DISTRIBUTIONS (HOMOZYGOUS FOR WILD-TYPE, HETEROZYGOUS,
HOMOZYGOUS FOR MUTATION) AND RESULTS OF THE ASSOCIATION ANALYSES WITH
ARMITAGE’S TREND TEST FOR BOTH CONTROL POPULATIONS

p Value Asthma

Polymorphism Asthma Genotypes Adult Controls Child Controls Adults Children

Rs12033184 55;155;108 44;137;88 99;289;175 0.9567 0.5122
Rs3818822 7;56;254 7;69;186 18;154;372 0.0197 0.0003
K17R 253;59;7 176;76;8 402;144;16 0.0031 0.0172
Rs2275253 30;144;142 26;98;144 43;226;291 0.1150 0.0493
Rs2275254 133;135;53 109;115;46 208;256;98 0.7890 0.2847
F269S 252;17;1 294;21;0 527;38;0 0.8631 0.9732
Rs2256721 150;148;24 150;95;24 297;233;34 0.144 0.0804

and the nearby noncoding polymorphism rs3818822 with asthma.
In addition, haplotype analyses revealed very strong association
of haplotypes with the disease (asthmatic population vs. pediatric
control subjects, p � 10�10).

We started our study by using randomly chosen adults as con-
trol subjects. No clinical testing was performed on them and so
it is likely that about 10% of these control subjects have asthma.
Including people with asthma in the control population enhances
the risk to get false-negative results. However, the risk of getting
a false-positive association is smaller than that if using control
subjects that have no asthma. Therefore, the results with these
control subjects should tend to underestimate rather than overes-
timate the observed association.

To further confirm the association, we then evaluated the
polymorphisms in a second control population. This population
consists of 565 children born in 1990 who had never wheezed and
were never diagnosed of having asthma up to the age of 10 yr.
Using these control subjects, the association became much
stronger, especially in haplotype analysis.

In detail, the newly identified amino acid exchange lysine to
arginine on position 17 showed association with asthma. It is
located only seven amino acids in front of the catalytic center
of AMCase (21). It is therefore plausible that this amino acid
exchange may modulate the catalytic activity of AMCase. An
arginine-to-lysine substitution may be considered conservative,
but there are examples of substantial modulation of activity
by this substitution in enzyme systems (22, 23). An artificially
introduced mutation in the catalytic center destroys catalytic
activity of chitotriosidase (24).

The SNP located closest to K17R—rs3818822—also showed
association with asthma, and when pediatric control subjects
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TABLE 4. RESULTS OF THE HAPLOTYPE FREQUENCY
ESTIMATION OBTAINED BY FAMHAP

Control SubjectsHaplotype Asthma

Adults Children

1 1 1 2 2 1 1 0.023335 0.023489 0.017236
1 2 1 1 1 1 2 0.013974 0.000000 0.001096
1 2 1 1 2 1 1 0.000000 0.017351 0.001821
1 2 1 1 2 1 2 0.105921 0.109709 0.166181
1 2 1 2 1 1 1 0.232742 0.194970 0.182000
1 2 1 2 1 2 1 0.030304 0.022670 0.030234
1 2 2 2 1 1 1 0.000000 0.013705 0.010822
2 1 1 2 1 1 1 0.011039 0.018187 0.018564
2 1 1 2 2 1 1 0.073852 0.085775 0.102604
2 1 2 2 1 1 1 0.000000 0.010554 0.000000
2 2 1 1 1 1 1 0.013012 0.000000 0.004041
2 2 1 1 1 1 2 0.028990 0.011951 0.001066
2 2 1 1 2 1 2 0.146976 0.102581 0.076349
2 2 1 2 1 1 1 0.188650 0.173677 0.191984
2 2 1 2 2 1 1 0.013756 0.014569 0.011107
2 2 2 2 1 1 1 0.099457 0.139256 0.142457

Each number indicate the allele of one single nucleotide polymorphism (SNP):
1 � wild-type; 2 � mutation. The SNPs are listed in the order of their occurrence
in the gene. Shown are haplotypes with a frequency � 0.01 in at least one
population. The haplotypes with the widest difference in frequency are shown in
boldface type.

were used, significance was even higher than the one seen with
K17R itself (p � 0.0003 vs. 0.0172). Because both SNPs are in
very tight linkage equilibrium in both populations, this could
still reflect a functional role of K17R on the disease.

The promoter polymorphism rs12033184 was not associated
with the disease when analyzed alone. However, it seems to be
important in the context of haplotypes, especially when compar-
ing children with asthma with pediatric control subjects. Here
again, functional analyses are needed to clarify which polymor-
phism is responsible for the effect.

Haplotypes analyses were performed by using the program
FAMHAP, which revealed strong association of the haplotypes
with asthma (p � 0.000020 and p � 0.0000001, respectively,
for both control populations). FAMHAP permutes the disease
status and reestimates haplotype frequencies for each simulated
replicate. In our study, we performed 100,000 simulations with
FAMHAP. These replications should lead to more accurate
p values than obtained by methods that perform haplotype-
frequency estimation only once, assign haplotypes to the individ-
uals, and then permute these haplotypes (19).

Nevertheless, we sought to confirm the results by using a second
program for haplotype analysis, FASTEHPLUS. FASTEHPLUS
performs correction for all theoretically possible haplotypes by
calculating the degree of freedom as numbers of haplotypes
minus 1. In our study with seven SNPs, there are 128 haplotypes
and thus the �2 is corrected for 127 df (p � 0.9987). Taking
into account only those haplotypes that actually occurred in our
asthmatic or adult control population, the p value is 0.000038
(df � 39). Using the pediatric control population, the corrected
p value was less than 10�10.

So far, only little is known about the function of chitinases
in humans. Studies in mice imply that the enzymes are important
in resistance to parasites containing chitin (25). It could be specu-
lated that, in humans, higher chitinase activity might be con-
nected to increased resistance to common pathogens. Chitinases
have been highly conserved between different species, but hu-
man AMCase exhibits five amino acid polymorphisms (1), and
their effect on AMCase activity and substrate specificity remains
to be determined. However, because AMCase seems to be in-

volved in the pathogenesis of asthma in mouse models, increased
AMCase activity might favor the development of asthma. If this
were indeed the case, it would add further support the so-called
hygiene hypothesis. Functional studies are needed to clarify this
issue, and replication of our results in additional populations is
needed.

In conclusion, we report on a possible association of AMCase
genetic variants with bronchial asthma. The involvement of AMCase
in the pathophysiology of asthma highlights a previously poorly
explored pathogenetic pathway that might be interesting for the
development of new therapeutic agents (26, 27).

Conflict of Interest Statement : None of the authors have a financial relationship
with a commercial entity that has an interest in the subject of this manuscript.

Acknowledgment : The authors thank all children and their families that partici-
pated in this study and M. Abera-Lemu, K.E. Bergmann, R. Bergmann, F. Bieber,
C. Genzel, U. Hoffmann, M. Goetz, U. Klettke, R. Mayerl, G. Schulz, U. Tacke,
P. Wagner, V. Wahn, and F. Zepp for their contribution to the MAS study.

References

1. Gianfrancesco F, Musumeci S. The evolutionary conservation of the
human chitotriosidase gene in rodents and primates. Cytogenet Genome
Res 2004;105:54–56.

2. Boot RG, Renkema GH, Strijland A, van Zonneveld AJ, Aerts JM.
Cloning of a cDNA encoding chitotriosidase, a human chitinase pro-
duced by macrophages. J Biol Chem 1995;270:26252–26256.

3. Hollak CE, van Weely S, van Oers MH, Aerts JM. Marked elevation of
plasma chitotriosidase activity: a novel hallmark of Gaucher disease.
J Clin Invest 1994;93:1288–1292.

4. Boot RG, Blommaart EF, Swart E, Ghauharali-van der Vlugt K, Bijl N,
Moe C, Place A, Aerts JM. Identification of a novel acidic mammalian
chitinase distinct from chitotriosidase. J Biol Chem 2001;276:6770–
6778.

5. Zhu Z, Zheng T, Homer RJ, Kim YK, Chen NY, Cohn L, Hamid Q,
Elias JA. Acidic mammalian chitinase in asthmatic Th2 inflammation
and IL-13 pathway activation. Science 2004;304:1678–1682.

6. Webb DC, McKenzie AN, Foster PS. Expression of the Ym2 lectin-
binding protein is dependent on interleukin (IL)-4 and IL-13 signal
transduction: identification of a novel allergy-associated protein. J Biol
Chem 2001;276:41969–41976.

7. Zimmermann N, Mishra A, King NE, Fulkerson PC, Doepker MP,
Nikolaidis NM, Kindinger LE, Moulton EA, Aronow BJ, Rothenberg
ME. Transcript signatures in experimental asthma: identification of
STAT6-dependent and -independent pathways. J Immunol 2004;172:
1815–1824.

8. Boot RG, Bussink AP, Verhoek M, de Boer PA, Moorman AF, Aerts
JM. Marked differences in tissue-specific expression of chitinases in
mouse and man. J Histochem Cytochem 2005;53:1283–1292.

9. Shibata Y, Foster LA, Bradfield JF, Myrvik QN. Oral administration of
chitin down-regulates serum IgE levels and lung eosinophilia in the
allergic mouse. J Immunol 2000;164:1314–1321.

10. Strong P, Clark H, Reid K. Intranasal application of chitin microparticles
down-regulates symptoms of allergic hypersensitivity to Dermatopha-
goides pteronyssinus and Aspergillus fumigatus in murine models of
allergy. Clin Exp Allergy 2002;32:1794–1800.

11. Nair MG, Gallagher IJ, Taylor MD, Loke P, Coulson PS, Wilson RA,
Maizels RM, Allen JE. Chitinase and Fizz family members are a
generalized feature of nematode infection with selective upregulation
of Ym1 and Fizz1 by antigen-presenting cells. Infect Immun 2005;73:
385–394.

12. Von Hertzen LC, Haahtela T. Asthma and atopy: the price of affluence?
Allergy 2004;59:124–137.

13. International Study of Asthma and Allergies in Childhood (ISAAC)
Steering Committee. Worldwide variation in prevalence of symptoms
of asthma, allergic rhinoconjunctivitis, and atopic eczema: ISAAC.
Lancet 1998;351:1225–1232.

14. Heinzmann A, Ahlert I, Kurz T, Berner R, Deichmann KA. Association
study suggests opposite effects of polymorphisms within IL8 on bron-
chial asthma and respiratory syncytial virus bronchiolitis. J Allergy
Clin Immunol 2004;114:671–676.

15. Lau S, Illi S, Sommerfeld C, Niggemann B, Bergmann R, von Mutius E,
Wahn U. Early exposure to house-dust mite and cat allergens and
development of childhood asthma: a cohort study. Multicentre Allergy
Study Group. Lancet 2000;356:1392–1397.



Bierbaum, Nickel, Koch, et al.: Chitinases in Asthma Genetics 1509

16. Sanger F, Nicklen S, Coulson AR. DNA sequencing with chain-terminating
inhibitors. Biotechnology (N Y) 1992;24:104–108.

17. Sasieni PD. From genotypes to genes: doubling the sample size. Biomet-
rics 1997;53:1253–1261.

18. Zhao JH, Sham PC. Faster haplotype frequency estimation using unre-
lated subjects. Hum Hered 2002;53:36–41.

19. Becker T, Knapp M. Maximum-likelihood estimation of haplotype fre-
quencies in nuclear families. Genet Epidemiol 2004;27:21–32.

20. Kurz T, Strauch K, Dietrich H, Braun S, Hierl S, Jerkic SP, Wienker
TF, Deichmann KA, Heinzmann A. Multilocus haplotype analyses
reveal association between 5 novel IL-15 polymorphisms and asthma.
J Allergy Clin Immunol 2004;113:896–901.

21. Saito A, Ozaki K, Fujiwara T, Nakamura Y, Tanigami A. Isolation and
mapping of a human lung-specific gene, TSA1902, encoding a novel
chitinase family member. Gene 1999;239:325–331.

22. Defeo-Jones D, Tai JY, Vuocolo GA, Wegrzyn RJ, Schofield TL, Riemen
MW, Oliff A. Substitution of lysine for arginine at position 42 of
human transforming growth factor-alpha eliminates biological activity

without changing internal disulfide bonds. Mol Cell Biol 1989;9:4083–
4086.

23. Tsuzuki D, Hichiya H, Okuda Y, Yamamoto S, Tamagake K, Shinoda S,
Narimatsu S. Alteration in catalytic properties of human CYP2D6
caused by substitution of glycine-42 with arginine, lysine and glutamic
acid. Drug Metab Pharmacokinet 2003;18:79–85.

24. Renkema GH, Boot RG, Au FL, Donker-Koopman WE, Strijland A,
Muijsers AO, Hrebicek M, Aerts JM. Chitotriosidase, a chitinase, and
the 39-kDa human cartilage glycoprotein, a chitin-binding lectin, are
homologues of family 18 glycosyl hydrolases secreted by human macro-
phages. Eur J Biochem 1998;251:504–509.

25. Choi EH, Zimmerman PA, Foster CB, Zhu S, Kumaraswami V, Nutman
TB, Chanock SJ. Genetic polymorphisms in molecules of innate immu-
nity and susceptibility to infection with Wuchereria bancrofti in South
India. Genes Immun 2001;2:248–253.

26. Wills-Karp M, Karp CL. Chitin checking: novel insights into asthma.
N Engl J Med 2004;351:1455–1457.

27. Donnelly LE, Barnes PJ. Acidic mammalian chitinase: a potential target
for asthma therapy. Trends Pharmacol Sci 2004;25:509–511.


