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CHITIN AND CHITINASES

Second only to cellulose, chitin is the most abundant 
polysaccharide world-wide. Chitin consists of N-acetylic 
glucosaminomolcules tied together via β-1,α-4 glycosidic 
bonds (Fig. 1). Chitin is a solid material comprising the 
exosceleton of insects, parasites and fungi.

Chitin is digested by chitinases. Organisms consisting 
of chitin use chitinases in the metabolic regulation of their 
chitinous structures. However, chitinases are also present 
in non-chitinous organisms where they represent a defence 
mechanism against chitinous parasites.

CHITIN, A PATTERN RECOGNITION 
RECEPTOR LIGAND

The immune system is divided into the innate and the 
adaptive parts. The innate immune system initiates a fast 
primary infl ammatory response to infections and activates 

the adaptive immune system [22]. Innate immune cells use 
specifi c receptors to detect microbial patterns – pattern 
recognition receptors (PRRs). These microbial-associated 
molecular patterns (MAMPs) are essential structures in 
microorganisms, and are therefore maintained in a highly 
conserved condition during their evolution [19]. The PRR 
toll-like receptor-4 (TLR4) detects the MAMP lipopoly-
saccharid (LPS) from the Gram negative bacterial cell 
wall, when it is presented by MD2. The innate immune 
system is subsequently activated when LPS binds the TLR-
4 MD2 complex [33, 34].

After the identifi cation of TLRs, we attempted to iden-
tify more PRRs and their ligands, such as peptidoglycans, 
LPS and ß-glucans. The PRRs detect MAMPs and activate 
an adequate response to an infectious threat, but ignore the 
normal bacterial fl ora[27].

In 2008, chitin was identifi ed as a MAMP, inducing IL-
17-mediated infl ammation in murine lungs. The infl am-
matory response was dependent on the size of the chitin 
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micro-particles (CMPs) used: large particles (>70 μm) 
were ignored and induced no response; medium-sized 
CMPs (40–70 μm) induced an IL-17 and TNF-mediated 
infl ammatory response. TLR2 knockout mice did not re-
spond to CMP exposure, and it was concluded that chitin 
is a size-dependent MAMP that activates macrophages via 
TLR-2 [12]. A later study by the same group showed that 
small CMPs (<40 μm) induced the anti-infl ammatory cy-
tokine IL-10 (Fig. 2). The response to small CMPs was 
partly dependent on TLR-2, but other PRRs, e.g. dectin-1 
and the mannose receptor had a more important role [11].

CHITIN AND ASTHMA

The experimental data on the association between 
chitins and asthma is divergent. In one study, CMPs were 

shown to induce airway infl ammation mediated by TLR-2 
and IL-17 in healthy mice [12]. Another study found that 
CMPs induced IL-4, eosinophilia and increased leukot-
rieneB4in macrophages[29]. Other studies have found that 
CMP treatment reduces the histopathology in the lungs of 
asthmatic mice [9, 26, 36]. CMP exposure has even been 
associated with a reduction of plasma IgE and reduced air-
way hyperresponsiveness in one of these murine models 
[36].

There could be many explanations for these confl icting 
results. An obvious factor of signifi cance is the size of the 
CMPs used in the different studies. The study that showed 
that CMP exposure induced asthma [29] did not describe 
CMP size. If these were medium-sized CMPs, this would 
explain the observed infl ammatory response [12]. The stud-
ies that reported reduced airway infl ammation [9, 26, 36] 
used CMPs in the size range 1–20 μm. These small-sized 
CMPs have proved to be anti-infl ammatory, inducing an 
IL-10 response [11]. The difference in the size of the CMPs 
used in these studies seems to be the most likely explana-
tion for the divergent results. Another explanation could be 
that CMPs of 1–10 μm are phagocytised by macrophages, 
which subsequently release IL-12 [31, 32]. IL-12 induces 
INF-γ (Th1-cytokine) [14], resulting in a Th2- reducing 
Th1 response. This would explain why small CMPs reduce 
airway infl ammation in asthmatic mice, since asthma is the 
result of a pathogenic Th2 infl ammatory response (Fig. 3). 
Very small CMPs (<2 μm) have been shown to have no ef-
fect on the immune system [11, 29].
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Figure 1. Chitin is a polysaccharide, consisting of N-acetylglucosamine 
molecules connected by β-1, α-4 glycosidic bonds. The fi gure illustrates 
two of the monomers from the polysaccharide.

Figure 2. Chitin is a size-dependent microbial associated molecular pattern. The fi gure illustrates the interaction between chitin micro-particles (CMPs) 
and pattern recognition receptors (PRRs). 1. Large CMPs has no effect on alveolar macrophages in murine airways. 2. Medium size CMPs adhere to 
TLR-2 resulting in the excretion of pro-infl ammatory cytokines, TNF-α and IL-17. 3. Small CMPs interact with several PRRs resulting in the release 
of the anti-infl ammatory cytokine IL-10.
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A possible source of error in these studies could be LPS 
contamination of the CMP material used. LPS exposure re-
sults in an INF-γ, mediated Th1 response [7], and would 
therefore lead to reduced Th2 response. Only one of the 
studies cited above deals with this problem and proves that 
the CMPmaterial used is free of LPS [29]. The presented 
study, reports that intranasal exposure to CMP results in 
airway eosinophilia even in TLR-4 knockout mice. The 
infl ammatory response to LPS is TLR-4 dependent, prov-
ing that chitin induces eosinophilchemotaxia independent 
of LPS.

CHITINASES AND CHITINASE-LIKE PROTEINS

The existence of chitinases and chitinase-like proteins in 
insects and lower organisms has been known for decades. 
It has been generally accepted that they play a signifi cant 
role in the immune defence against chitinous parasitic and 
fungi infections in these organisms [38].

In 2001 acidic mammalian chitinase (AMCase) was 
identifi ed in mice. To-date, two chitinolyticchitinases 
have been identifi ed in mammals, AMCase and chitotri-
osidase. Chitinases consist of a chitin-binding domain in 
the C-terminal, and an enzymatically-active domain in the 
N-terminal. AMCase was primarily found in the lungs and 

gastrointestinal tract. It has been assumed that the enzyme 
plays a role in digestion, and has a protective role in the 
lungs [5].

A correlation has been observed between AMCase 
and asthma in several studies on mice [39, 40, 41]. Hu-
man studies have found an association between polymor-
phisms in the AMCase gene with an attenuated chitinase 
and prevalence of asthma [4, 9]. AMCase initiates a Th2 
response via IL-13 in mice, while the AMCase inhibitor 
allosamidine and AMCase specifi c antibodies reduce air-
way infl ammation in asthmatic mice [41]. The level of up-
regulaion of AMCase in asthmatic mice was reduced in a 
dose-dependent manner when the mice were treated with 
glucocorticoids [39]. This indicates that one effect of glu-
cocorticoid treatment of asthma may be a reduction in the 
level of AMCase. In 2008, AMCase was shown to be an 
auto- and paracrine agent that upregulates the chemokine 
secretion in epithelial cells (Fig. 4) [15]. This suggests that 
AMCase may have an effect also on leucocyticchemotaxia 
in the lungs of asthmatic mice. The importance of the chi-
tinolytic effect of AMCase in the pathogenesis of asthma is 
still unclear. Mice exposed to CMPs that had been treated 
with AMCase experienced no infl ammatory response [29]. 
AMCase breaks down chitin to very small CMPs (<2 μm), 
and these have been shown to have no effect on the immune 

Figure 3. The pathogenesis of allergic asthma. 1. Airway allergens adhere to pattern recognition receptors on alveolar macrophages (M). 2. Mac-
rophages secrete pro-infl ammatory cytokines. 3. Naïve T-cells (T) differentiate to Th2 cells (Th2) after encountering antigen presenting cells (APC). 
4. Th2-cells secrete interleukins. 5. These interleukins help convert B-cells (B) into plasma cells (P). 6. The plasma cells produce allergen specifi c IgE. 
7. Allergen specifi c IgE molecules adhere to Fc-receptors on the mast cell (M). 8. The IgE primed mast cell degranulates on encounter with the allergen, 
releasing pro-infl ammatory chemokines. 9. After the acute response of the mast cell, the eosinophil granulocytes (E) migrate to the airways, resulting in 
chronic infl ammation and airway obstruction.
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system [11]. Together, these results indicate that AMCase 
might be considered as a potential therapeutic target in the 
treatment of asthma.

A base duplication in the chitotriosidase gene with an 
allelic prevalence of 20% in Caucasians that results in a 
truncated enzyme has been found to be equally divided 
between asthmatics and controls. This makes a direct cor-
relation between chitotriosidase and asthma unlikely [3].
Chitotriosidase breaks down the chitinous cell wall in 
fungi. Since exposure to some fungi can result in the de-
velopment of asthma [13], chitotriosidase may be linked to 
asthma through its antifungal effect. Chitotriosidase may 
also play a role in the pathogenesis of other infl ammatory 
conditions where the enzyme has been shown to be up-
regulated [2, 21, 38].

YKL-40, a chitinase like protein, is signifi cantly upregu-
lated in the plasma and lungs of patients with asthma [10]. 
A polymorphism in the promoter region og the YKL-40 
gene has been associated with asthma [24]. These fi ndings 
suggest that YKL-40 may also play a role in the pathogen-
esis of asthma.

CHITIN AND THE HYGIENE-HYPOTHESIS

The increase in asthma in the industrialised world is still 
insuffi ciently explained; and exposure to helminths, fungi 
and other infections may be important for the pathogen-
esis. The fact that many of these contain chitin suggests 

that chitin could be of signifi cance in a multifactorial ex-
planatory model. The high prevalence of asthma among 
people working with chitinous substances, such as crabs 
and fungi, is the strongest piece of evidence that chitin may 
be acting as an allergen [8, 18, 20, 25, 30, 37].

The hygiene-hypothesis, initially proclaimed by Stra-
chan [35], explains the increase in allergic disease as a 
result of a lack of exposure to infections, symbiotic mi-
croorganisms and parasites in childhood, resulting in an 
“uneducated” immune system. This hypothesis is support-
ed by many epidemiological studies that report a correla-
tion between increased prevalence of allergy and asthma, 
and decreased interaction with microorganisms [1, 23]. 
The similarity between the pathological Th2 response in 
asthma and the Th2 response to parasitic infections also 
supports the hygiene-hypothesis [16, 17]. In industrialised 
countries, increased hygiene has resulted in a reduced rate 
of infections in general, and parasitic infections in particu-
lar. At the same time, a massive increase in allergy and 
autoimmune diseases has been observed. A lower preva-
lence of allergy has been found in the constantly waning 
population born and raised on farms in the industrialized 
areas of the world [28, 6]. In developing countries, with 
a high incidence of parasitic infections, a low prevalence 
of allergy, asthma and autoimmunity has been observed. A 
large proportion of parasites contain chitin, and it is possi-
ble that parasite-derived chitin modulates the immune sys-
tem; the new fi ndings that chitin is a MAMP supports this 
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hypothesis. Thus, a possible explanation for the observed 
difference in the prevalence of asthma between industri-
alised and development countries could be that infections 
with chitinous parasites results in hyposensitisation to chi-
tin as an allergen.

CONCLUSION

Chitin as an environmental factor and chitinases as a 
part of the immune response may play an important role in 
the pathogenesis of infl ammatory disease in general, and 
asthma in particular. Chitin can induce or reduce infl am-
mation depending on CMP size. TLR-2 is pivotal to the 
pro-infl ammatory response to medium-sized CMPs, while 
the anti-infl ammatory response to small CMPs is depend-
ent on other PRRs. AMCase upregulates chemokines in 
murine lungs; however, the specifi c role of chitinases and 
the signifi cance of their chitinolytic effect for the patho-
genesis of asthma needs to be further explored. 

Most of the present results concerning chitin, chitinases 
and asthma are based on murine models. It is a matter of 
great importance to determine whether these results are 
also valid for humans, and studies with larger mammals 
could be a solution. The hygiene-hypothesis combined 
with new knowledge about chitin and chitinases should be 
considered in the context of a new multifactorial explana-
tory model for asthma. Chitin and chitinases are potential 
therapeutic targets in the future treatment of asthma.
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