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Human Chitinases: Structure, Function,
and Inhibitor Discovery
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Abstract Chitinases are glycosyl hydrolases that hydrolyze the b-(1-4)-linkage of
N-acetyl-D-glucosamine units present in chitin polymers. Chitinases are widely
distributed enzymes and are present in a wide range of organisms including insects,
plants, bacteria, fungi, and mammals. These enzymes play key roles in immunity,
nutrition, pathogenicity, and arthropod molting. Humans express two chitinases,
chitotriosidase 1 (CHIT1) and acid mammalian chitinase (AMCase) along with
several chitinase-like proteins (CLPs). Human chitinases are reported to play a
protective role against chitin-containing pathogens through their capability to
degrade chitin present in the cell wall of pathogens. Now, human chitinases are
gaining attention as the key players in innate immune response. Although the exact
mechanism of their role in immune response is not known, studies in recent years
begin to relate chitin recognition and degradation with the activation of signaling
pathways involved in inflammation. The roles of both CHIT1 and AMCase in the
development of various diseases have been revealed and several classes of inhi-
bitors have been developed. However, a clear understanding could not be estab-
lished due to complexities in the design of the right experiment for studying the role
of human chitinase in various diseases. In this chapter, we will first outline the
structural features of CHIT1 and AMcase. We will then review the progress in
understanding the role of human chitinases in the development of various diseases.
Finally, we will summarize the inhibitor discovery efforts targeting both CHIT1 and
AMCase.
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11.1 Introduction

Chitin is a polymer found in nature where b-(1-4)-linked N-acetyl-D-glucosamine
(GlcNAc) units are linearly bonded together to form long chains. In chitin,
N,N′-diacetylchitobiose (GlcNAc)2 forms the structural subunit (Fig. 11.1). Chitin,
unlike starch and glycogen that are storage polysaccharide, is a structural
polysaccharide. It is the second most abundant naturally occurring polymer and is
the main structural component of arthropod exoskeleton (Neville et al. 1976),
crustacean shells, house dust mites (HDM), fungal cell walls (Lenardon et al. 2010)
and microfilarial sheath of parasitic nematodes (Veronico et al. 2001; Foster et al.
2005). In fungal cell walls, chitin is the key structural polymer and is equivalent to
peptidoglycan in bacteria. Chitin provides rigidity and structural integrity to cells,
tissues and body surfaces.

X-ray diffraction analysis showed that chitin exists in three different crystalline
forms, namely, a-chitin, b-chitin, and c-chitin based on the arrangement of chitin
polysaccharide chains in crystalline fibers (Rudall and Kenchington 1973; Kramer
and Koga 1986; Imai et al. 2003; Rinaudo 2006) (Fig. 11.1). In addition, a non-
crystalline form has also been reported in fungi (Vermeulen and Wessels 1986).
Among these three forms, a-chitin is the most abundant and compact form where
chitin chains are arranged in an antiparallel manner (Fig. 11.1). This type of
arrangement ensures strong hydrogen bonding (Kramer and Koga 1986). The
a-chitin is a major structural component of arthropod exoskeleton and fungal cell

Fig. 11.1 Chitin and its crystalline forms
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walls. It is also found in shells of crustaceans like shrimps and crabs. Antiparallel
arrangement of chitin chains in a-chitin ensures mechanical strength and stability
(Giraud-Guille and Bouligand 1986). Contrary to a-chitin, chitin chains are
arranged in a parallel manner in b-chitin resulting in a less compact form due to
weak intermolecular forces (Fig. 11.1). Inter-chain hydrogen bonding contacts are
reduced which results in a more flexible and soft structure due to a high degree of
hydration and reduced packing. b-chitin is commonly found in squid pens, per-
itrophic matrices and cocoons. Another chitin form, c-chitin is the mixture of both
a-chitin and b-chitin chains and is commonly found in mushrooms (Fig. 11.1).
Interestingly, some animals utilize multiple forms of chitin for different biological
functions, for example, squid possess a-chitin in its beak, b-chitin in its pen and
c-chitin in the stomach lining (Gooday 1990).

In chitin-containing organism, chitin is produced by a highly conserved enzyme,
chitin synthase (EC 2.4.1.16). Chitin synthases belong to GT2 family of poly-
merizing glycosyltransferases including synthases for polymers such as cellulose,
mannan, hyaluronate, etc. Chitin synthases add GlcNAc units to the nonreducing
end of chitin chains. It utilizes UDP-N-acetylglucosamine (UDP-GlcNAc) as sugar
donor to form a polymer of chitin (Glaser and Brown 1957). Linear polymers are
first produced which are then assembled into microfibrils of various length and
diameter (Imai et al. 2003; Merzendorfer 2006). These microfibrils are then
extruded from cell walls in a similar manner as cellulose (Morgan et al. 2012;
Gonçalves et al. 2016). Chitin biosynthesis is extensively studied; however, the
detailed description is beyond the scope of this book chapter. Some reviews may be
referred for chitin synthases and biosynthesis (Merzendorfer and Zimoch 2003;
Merzendorfer 2006, 2011). The focus of this book chapter will be another group of
enzymes which is responsible for chitin degradation.

11.2 Chitinase and Their Classification

Despite being one of the most abundant polymers, chitin doesn’t accumulate in
environment due to the presence of chitinolytic enzymes known as chitinases which
hydrolyze b-(1-4)-linkage of GlcNAc present in chitin chains. Chitinases are widely
distributed enzymes and are present in many organisms including insects, plants,
bacteria, fungi, and mammals. These enzymes play roles in immunity and defense,
nutrient acquisition, digestion, pathogenicity, and arthropod molting. Chitinases
belong to the glycosyl hydrolase (GH) family containing a wide diversity of pro-
teins. Based on sequence similarity, chitinases are classified into five classes (class
I–V) (Hamid et al. 2013). Class I chitinases have most conserved catalytic domain
with a cysteine-rich domain at N-terminus. Class II chitinases possess high simi-
larity with catalytic domain of class I chitinases but lack cysteine-rich domain at
N-terminus. Class III chitinases do not share any identity with class I and II.
Class IV chitinases are similar to class I but are much smaller compared to class I
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due to four deletions in catalytic domain. Class V chitinases lack sequence identity
with any other class.

Based on sequence identity, structural homology and biochemical studies,
chitinases are also classified into family GH18 chitinase, family GH19 chitinase
(mostly plant chitinase) and family GH20 N-acetyl glucosaminidase (Fukamizo
2000). Chitinases of family GH18 and GH19 have very low sequence similarity
with each other and have completely different structures. Chitinases of class III and
V form family GH18 while class I, II, and IV belong to family GH19. Family GH18
chitinases hydrolyze chitin into shorter (GlcNAc)2 and (GlcNAc)3 fragments while
b-N-acetyl-D-hexosaminidases hydrolyze these oligosaccharides into GlcNAc.
Family GH18 can be further divided into chitinase and enzymatically inactive
chitinase-like-lectins or chitinase-like proteins. The domain architectures and
structural features of family GH18 chitinases are highly conserved (Huang et al.
2012) and consist of a catalytic domain and a cysteine-rich carbohydrate or chitin
binding domain. A hinge connects the catalytic domain with carbohydrate binding
domain. The catalytic domain is mostly located at the N-terminus while chitin
binding domain is located at C-terminus. The catalytic domain of members of GH
family is known to adopt triosephosphate isomerase (TIM) fold. TIM fold consists
of a highly conserved (b/a)8-barrel structure in which b-sheets are surrounded by
a-helices (Henrissat 1999; Stam et al. 2005). The active site is highly conserved and
composed of aromatic amino acid residues that help in substrate binding (Perrakis
et al. 1994; van Aalten et al. 2000; Boot et al. 2001; Fusetti et al. 2002; Olland et al.
2009; Fadel et al. 2015). Substrate binding occurs at a cleft in the center of (b/a)8-
barrel. Substrate binding sites in GH18 chitinases employ –n to +n nomenclature
where n represents GlcNAc binding subsites (Davies et al. 1997). Subsites –n are
located toward the nonreducing end while +n subsites are located at the reducing
end of the substrate relative to substrate cleavage site. The cleavage of chitin
substrate molecule occurs between −1 and +1 GlcNAc binding subsites (Davies
et al. 1997). The catalytic triad lies at the bottom of active site at −1 subsite.
A conserved sequence motif in the b4 strand (DXXDXDXE, where D stands for
aspartic acid, E stands for glutamic acid, and X represents any amino acid) form the
active site pocket. Glutamic acid and central aspartic acid in the conserved sequence
motif are the key amino acid residues in catalysis. Glutamic acid donates a proton
required for hydrolyzing the b-(1-4) glycosidic bond in chitin (Chou et al. 2006)
while the second aspartate in the motif contributes to stabilization of substrate
molecule during catalysis (McCarter and Stephen Withers 1994; Perrakis et al.
1994; van Aalten et al. 2000, 2001; Fusetti et al. 2002). Family GH18 chitinases
make use of substrate-assisted reaction mechanism (Terwisscha van Scheltinga
et al. 1995; van Aalten et al. 2001) whereas family GH19 chitinases employ
fold-and-reaction mechanism (Monzingo et al. 1996) suggesting independent
evolution of these two families. Family GH18 includes chitin hydrolyzing enzymes
from bacteria, fungi, viruses, animals, and some chitinases from plants (class III and
V) (Ohno et al. 1996). Family GH19 contains chitinases mostly from plants (class I,
II, and IV) and nematodes.
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Chitinase can be further classified based on their mode of cleavage into two
classes: (a) endochitinase and (b) exochitinase. Endochitinases (EC 3.2.1.14) cat-
alyze the hydrolysis of internal chitin chains from inner random position generating
low oligomeric units of GlcNAc such as chitotriose, chitobiose, and diacetylchi-
tobiose (Fig. 11.2a). Exochitinases (EC 3.2.1.52) cleave from the nonreducing end
of chitin chains (Nikolov et al. 2010) (Fig. 11.2b). Exochitinases (EC 3.2.1.52)
have been further classified into two categories, namely, chitobiosidases and
b-N-acetyl-D-hexosaminidases. Chitobiosidases (EC 3.2.1.29) catalyze the release
of diacetylchitobiose from the nonreducing end of chitin chains while
b-N-acetyl-D-hexosaminidases cleave oligomeric GlcNAc units produced by
endochitinases into GlcNAc (Fig. 11.2b).

11.3 Human Chitinases

Although chitin is neither present nor utilized as a nutrient source in humans, yet
they express two chitinases: acidic mammalian chitinase (AMCase or CHIA) and
chitotriosidase 1 (CHIT1) (Hollak et al. 1994; Boot et al. 1995, 2001). Both of these
enzymes function as endochitinases and are members of GH18 chitinase family.
These two proteins are recognized as true chitinases as they are the only ones that
possess chitin hydrolyzing activity (Boot et al. 2001). In addition, structurally
related chitinase-like proteins (CLPs) or chitinase-like-lectins (Chi-lectins) are
expressed such as chitinase 3-like-1 (CHI3L1 or YKL-40), chitinase 3-like-2
(CHI3L2 or YKL-39), chitinase domain–containing 1 (CHID1), stabilin-1-
interacting chitinase-like protein (SI-CLP) (Kzhyshkowska et al. 2006) and

Fig. 11.2 Chitin hydrolysis by chitinase types a Endochitinase and b Exochitinase
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oviductal glycoprotein 1 (OVGP1) (Bussink et al. 2007). Moreover, Ym1 (Chang
et al. 2001) and Ym2 are only found in mouse and are produced by macrophages
after fungal or parasitic infection. These proteins are catalytically inactive due to the
substitutions in active site residues critical for catalysis, yet they retain the
TIM-barrel structure and active site carbohydrate binding activity (Renkema et al.
1998; Houston et al. 2003). Most mammalian chitinases are members of GH18
family (Li and Greene 2010) and adopt TIM fold consisting of (b/a)8-barrel
structure (Stam et al. 2005; Lombard et al. 2014).

CHIT1 is the first chitinase discovered in human (Boot et al. 1995) and is found
in the genomes of all mammals (Hollak et al. 1994; Boot et al. 1995). CHIT1 is
expressed in a variety of tissues such as lung, spleen, liver, thymus, and lacrimal
gland (Ohno et al. 2013). Among the cells, CHIT1 is mainly expressed in innate
immune cells such as activated macrophages (Hollak et al. 1994; Rao et al. 2003)
and neutrophils (Malaguarnera et al. 2006). CHIT1 is expressed by macrophages
and neutrophils in response to various pro-inflammatory signals. AMCase is the
second chitinase identified in human that is able to degrade chitinous substrates
(Boot et al. 2001, 2005). AMCase is mainly expressed in the stomach and gas-
trointestinal tract. AMCase has been also detected in the lung where it is secreted
into the airway lumen by epithelial cells, club cells, and type 2 alveolar cells.
AMCase has been reported as the major endochitinase in airway fluid (Fitz et al.
2012; Van Dyken et al. 2017). The presence of AMCase in the stomach and
gastrointestinal tract suggests the role of AMCase in digestion (Boot et al. 2001,
2005; Chou et al. 2006; Ohno et al. 2012) for breaking chitin-containing food while
the expression in lung implicates its role in defense against chitin-containing
pathogens.

AMCase gene is located on 1q13.1-21.3 chromosome and consists of 12 exons
(Boot et al. 2001). CHIT1, on the other hand, is located on 1q31-32 chromosome
and also contains 12 exons. The location of both genes in chromosome 1, sequence
and structural similarities and intron–exon boundary conservation suggest that these
genes might have arisen due to gene duplication (Boot et al. 2001) which is
believed to have taken place during the emergence of jawed and jawless fish
(Hussain and Wilson 2013). Further loss of function mutations and duplications
might have given rise to CLPs. Some of these CLPs are species-specific while
others are found in all mammals (Hussain and Wilson 2013). Both AMCase and
CHIT1 are secretory proteins with approximately 50 kD molecular weight (Boot
et al. 1995, 2001). AMCase has about 51% sequence identity and 66% sequence
similarity with CHIT1. AMCase like other GH18 family members contains both
chitin hydrolysis and chitin binding domain. These two domains are connected to
each other by a short hinge region (Renkema et al. 1997). Despite both sequence
and structural similarity, these two proteins differ in their enzymatic behavior at
acidic pH. AMCase is extremely stable at acidic pH and displays an optimum
activity at pH 2 (Boot et al. 2001). The name AMCase is derived from this property
of the enzyme. CHIT1, on the other hand, shows an optimum around pH 5
(Renkema et al. 1995; Zheng et al. 2005) and is inactive at low pH (Boot et al.
2001, 2005).
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CHIT1 is found to exist in two isoforms: a 39 kDa isoform containing the
catalytic domain only and a 50 kDa isoform containing the full-length CHIT1. The
full-length CHIT1 is composed of a large catalytic domain connected to a com-
paratively small chitin binding domain (Fig. 11.3a). The two domains are linked by
a proline-rich hinge. Initially, several crystal structures of the catalytic domain alone
were solved both in apo form as well in complex with CHIT1 inhibitors (Fusetti
et al. 2002; Rao et al. 2005a; Fadel et al. 2015) including a 1.0 Å apo structure of
CHIT1 (Fadel et al. 2015). The catalytic domain structure of CHIT1 consists of a
core (b/a)8-barrel domain which is similar to AMCase and other family GH18
chitinases. CHIT1 structure contains a DXXDXDXE motif at the end of fourth b
sheet with Glu140 as catalytic residue. An additional a/b domain is present in
between the seventh a-helix and the seventh b-strand. This additional domain
consists of six b-sheets and one a-helix and gives a groove like character to the

Fig. 11.3 a A cartoon representation of full-length CHIT1 showing catalytic and chitin binding
domain. b CHIT1 chitin binding domain. c Superposition of AMCase (green) with CHIT1 (cyan).
d Active site amino acid residues of AMCase (green) and CHIT1 (cyan)
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active site (Fusetti et al. 2002). CHIT1 active site is lined by several aromatic amino
acids that stack against the hydrophobic face of sugar units. The first stretch of
aromatic amino acid residues lies along the −6 to −1 subsites and includes Trp31,
Tyr34, Trp71 and Trp358. The second stretch of aromatic residues is located at +1
and +2 subsites and includes Trp99 and Trp218. These residues are not only
identical in both CHIT1 and AMCase but also highly conserved in other family
GH18 chitinases. Trp358 is especially important as it is stacked with −1 subsite
GlcNAc and is responsible for accommodating −1 subsite GlcNAc in boat con-
formation critical for catalysis. Several studies revealed that the mutation of Trp358
abolished chitinase activity (van Aalten et al. 2000; Fusetti et al. 2002;
Songsiriritthigul et al. 2008; Yang et al. 2010).

The mechanism of substrate hydrolysis in CHIT1 is similar to other GH18
family enzymes and has been recently elucidated utilizing X-ray crystallography
and QM/MM studies (van Aalten et al. 2001; Fadel et al. 2015). The cleavage
occurs between −1 and +1 subsites. The catalytic triad consisting of Asp136,
Asp138 and Glu140 amino acid residues of DXXDXDXE motif is located at the
bottom of −1 subsite. Binding of substrate causes displacement of active site water
molecules and the transfer of a proton from Asp138 to Glu140. This event is
followed by the distortion of pyranose ring to a boat conformation and protonation
of scissile O atom of glycosidic bond by Glu140 which subsequently leads to the
formation of oxazolinium ion intermediate. An aglycon sugar is next displaced
allowing a water molecule to access the active site. At the same time, Asp138
receives a proton from Asp136 and turns toward Glu140 which in turn forms a
hydrogen bond with N-acetyl nitrogen of −1 GlcNAc. A water molecule after being
activated by Asp213 probably carries out nucleophilic attack on the anomeric
carbon atom of oxazolinium ion intermediate leading to the formation of −1
GlcNAc in its original configuration (Fadel et al. 2015).

About two years ago, a full-length structure of CHIT1 was reported that shed
light on the structural features of chitin-binding domain (Fadel et al. 2016)
(Fig. 11.3a). The catalytic domain in the full-length CHIT1 structure is essentially
the same as other CHIT1 catalytic domain structures (Fusetti et al. 2002; Rao et al.
2005a; Fadel et al. 2015). The chitin binding domain in CHIT1 belongs to CBM14
family and is structurally different from bacterial and plant chitin-binding domains
(Ikegami et al. 2000; Akagi et al. 2006; Fadel et al. 2016). CHIT1 chitin binding
domain is elongated in structure as compared to the globular chitin-binding domain
of bacteria and plants. It is composed of a distorted b-sandwich fold containing
three N-terminal antiparallel b-strands and two C-terminal antiparallel b-strands
(Fadel et al. 2016). CHIT1 chitin binding domain is connected with catalytic
domain by a stretch of proline-rich residues. The main difference between the
full-length CHIT1 and other bacterial chitinases lies in the arrangement of chitin
binding domain relative to catalytic domain. In S. marcescens chitinases, ChiA and
ChiB, the chitin-binding domain is rigidly connected to the catalytic domain
resulting in a completely different orientation of chitin binding domain relative to
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catalytic domain (Perrakis et al. 1994; van Aalten et al. 2000). Chitin substrate
interacts with chitin binding domain via a stretch of aromatic amino acid residues
(Fig. 11.3b). Most of these residues are surface-exposed, especially a conserved
residue Trp465 enabling strong binding with chitin substrates (Fadel et al. 2016).
The active site cleft in CHIT1 contains nine GlcNAc binding sites (from −6 to +3
subsites). CHIT1 was initially believed to be an exochitinase as it has been shown
to hydrolyze chitotriose, however, structural and biochemical studies demonstrated
CHIT1 as an endochitinase (Fusetti et al. 2002; Kuusk et al. 2017).

The AMCase catalytic domain crystal structure was solved in apo form as well
as in complex with several inhibitors including allosamidin derivative methylal-
losamidin (Olland et al. 2009), bisdionin C and F (Sutherland et al. 2011) and many
hits from in silico, high-throughput and fragment screening (Cole et al. 2010). No
structure of full-length AMCase is available till date. Catalytic domain of AMCase
possesses about 57% identity with CHIT1 and it very similar to CHIT1 catalytic
domain crystal structure (Fusetti et al. 2002; Rao et al. 2003, 2005b; Fadel et al.
2015, 2016) consisting of a (b/a)8-barrel core (Fig. 11.3c). The most notable dif-
ference between the structures of AMCase and CHIT1 is the three residues near the
active site (Arg145, His208, and His269). Two of these residues His208 and
His269 are different in CHIT1 but are conserved in human AMCase and AMcase of
other species (Bussink et al. 2007) (Fig. 11.3d). These three residues make contacts
with all the conserved residues within the active site and are proposed to change the
pH optimum of AMCase by influencing the pKa of the catalytic residues Asp138
and Glu140 (Olland et al. 2009). Amino acid residue His269 is Arg269 in CHIT1
and it may be responsible for higher negative charge of AMCase active site low-
ering down its pH optimum (Fig. 11.3d).

CLPs, such as YKL-40, YKL-39, CHID1, SI-CLP, OVGP1, Ym1, Ym2, are a
diverse set of proteins expressed in species-specific manner. In humans and mice,
they are expressed in immune and structural cells such as macrophages, neutrophils,
epithelial cells, dendritic cells and chondrocytes (Sutherland 2018). CLPs are
structurally related to GH18 family chitinases including both human chitinases,
AMCase and CHIT1. CLPs structure consists of a 39 kDa TIM-barrel like fold
similar to the catalytic domain of active chitinases (Boot et al. 2001; Fusetti et al.
2002). However, most CLPs lack chitin binding domain. Crystal structures of
several human or mouse CLPs are solved (Tsai et al. 2004; Meng et al. 2010;
Schimpl et al. 2012; Ranok et al. 2015) which clearly illustrates that CLPs bind to
chitin oligosaccharides. CLPs retain their ability to bind chitin oligosaccharides
with high affinity, however, lack chitinase activity due to the substitution of a key
catalytic glutamate in DXXDXDXE motif with either leucine, isoleucine or tryp-
tophan (Lee et al. 2011). Furthermore, it has been shown that substitution of the
catalytic residue back to the one in active chitinases recovered the chitinase activity
of CLPs (Schimpl et al. 2012).
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11.4 Role of Human Chitinases in Diseases

Chitinases are widely distributed in many organisms and play a myriad of bio-
logical roles. In bacteria and archaea, chitinases degrade chitin for nitrogen and
carbon source (Gao et al. 2003; Bhattacharya et al. 2007). In fungi, chitinases are
responsible for ensuring plasticity by remodeling chitin components of cell wall
(Langner and Göhre 2016). In insects, chitinases are essential for molting and the
growth of insects and are required for the breakdown of chitin components in cell
walls (Arakane and Muthukrishnan 2010). Plant chitinases play a major role in
dealing with environmental stress such as cold, drought, or salinity (Grover 2012).
Mammalian chitinases serve as a protective mechanism against chitin-containing
pathogens through their capability to degrade both colloidal chitin as well as chitin
present in cell walls of pathogens (Boot et al. 2001). Apart from their protective role
against pathogens through chitin degradation, mammalian chitinases are now
gaining attention as the key players in innate immune response against fungi,
bacteria, and other pathogens.

Several studies pointed out the involvement of two human chitinases, CHIT1
and AMCase, in inflammation-related diseases. Among these two active chitinases,
AMCase was widely studied and reported to express at higher levels during type II
inflammatory responses in several diseases in both allergic patients and murine
models (Zhu et al. 2004; Shen et al. 2015). Chronic respiratory diseases such as
asthma is the inflammation of airways. Asthma is characterized by the influx of
eosinophils into the lung tissue, mucus metaplasia, hyper-responsiveness, and air-
flow obstruction. There is compelling evidence for the involvement of T-helper 2
(Th2) cells in asthma via the induction and maintenance of inflammation. Most
evidences for the role of chitinases in asthma came from biomarker studies which
suggested the involvement of AMCase. AMCase is highly expressed in the lung
tissue of asthmatic patients and in animal models of asthma (Zhu et al. 2004;
Bierbaum et al. 2005; Yang et al. 2009; Shen et al. 2015). Additionally, higher
expression of AMCase has been found in the lung epithelium and alveolar mac-
rophages of ovalbumin(OVA)-sensitized mice (Yang et al. 2009). Administration of
AMCase antisera or chitinase inhibitor allosamidin reduced inflammatory cell in
BAL fluid of OVA-sensitized mice and thereby alleviated asthma symptoms
(Zhu et al. 2004). Moreover, it has been observed that the treatment of
allergen-challenged mice with chitinase inhibitors, allosamidin or demethylal-
losamidin, significantly reduced eosinophilia, a hallmark of allergic inflammation
(Matsumoto et al. 2009). Furthermore, the treatment of allergen-challenged mice
with AMCase selective inhibitor Bisdionin F alleviated the primary features of
allergic inflammation including eosinophilia (Sutherland et al. 2011). Additionally,
the administration of compound 3 (Table 11.1), a highly potent AMCase inhibitor
showed significant anti-inflammatory efficacy in HDM-induced allergic airway
inflammation in mice (Mazur et al. 2018b). These studies suggest that inhibition of
AMCase is a good strategy for the development of therapeutics against allergic
airway inflammation-related diseases.
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However, several other studies reported contrasting results. A transgenic mice
overexpressing AMCase showed normal lung function and no signs of inflamma-
tion (Reese et al. 2007). In fact, the type II inflammation resulted after the chitin
challenge was ameliorated in mice with overexpressing AMCase. Moreover,
AMCase deficient mice revealed no role for this enzyme in mouse model of HDM
or OVA-induced allergy in the lung (Fitz et al. 2012). Another study reported that
in human lungs contrary to mice lungs, the expressed AMCase is mostly inactive
(Seibold et al. 2008). Furthermore, AMCase deficient mice exhibit mortality with
accumulation of chitin and expression of pro-fibrotic cytokines. These mice develop
pulmonary fibrosis, which was ameliorated with the restoration of AMCase activity
(Van Dyken et al. 2017). These recent studies suggested that AMCase has pro-
tective role and may not be a good drug target against type II inflammation related
pathologies such as asthma.

Numerous studies similarly found higher levels of another human chitinase,
CHIT1 during type II inflammatory responses in several diseases in both allergic
patients and murine models. Most evidences for the role of CHIT1 in various
diseases came from the biomarker studies. CHIT1 has also been reported to be
involved in asthma and airway hyper-responsiveness (Gavala et al. 2013). Elevated
CHIT1 activity and levels were observed after allergen challenge and these levels
correlated with the levels of inflammatory cells, T cell chemokines, and other
pro-fibrotic factors. CHIT1 was also found to be responsible for chitinase activity in
human lung (Seibold et al. 2008). Another study reported the prevalence of CHIT1
24-base pair duplication allele in patients with severe asthma (Livnat et al. 2014).
This allele is reported to have reduced CHIT1 activity. However, numerous studies
also showed no association between CHIT1 and airway diseases (Shuhui et al.
2009; Létuvé et al. 2010). Mice with CHIT1 null mutant showed significantly
higher type II inflammatory responses to HDM or OVA challenge. Furthermore,
this study suggests a protective role of CHIT1 in allergic airway responses via
regulation of TGF expression (Hong et al. 2018).

As described here, various studies tried to elucidate the role of chitinases in
inflammatory diseases. However, whether chitinase functions in a protective or
adverse role in inflammation is not very clear. Studies in recent years begin to relate
differences in inflammatory responses with chitin degradation and recognition. As
chitin is not synthesized by mammals, it is considered as a target of mammalian
immune system (Elieh Ali Komi et al. 2018). One study showed the direct
involvement of chitin in allergic responses (Reese et al. 2007). Administration of
chitin bead in the lungs of mice expressing GFP-enhanced IL-4 led to the
recruitment of GFP positive basophils and eosinophils. Further, it was shown that
macrophage activation was a crucial step in the recruitment of these cells.
Moreover, it has been shown that intranasal administration of chitin particles
activates alveolar macrophages to express cytokines including IL-12, tumor
necrosis factor-a (TNF-a) and IL-18 (Shibata et al. 1997). Several receptor proteins
have been identified that are believed to recognize and bind chitin. These include
FIBCD1, NKR-P1, and RegIIIc (Semeňuk et al. 2001; Cash et al. 2006; Thomsen
et al. 2011; Bueter et al. 2013). In addition, Toll-like receptor 2, dectin-1 and
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mannose receptor are also known to be involved in immune response to chitin
(Bueter et al. 2013; Elieh Ali Komi et al. 2018; Fuchs et al. 2018). These chitin
receptors are present on the surface of macrophages. These receptors upon inter-
action with chitin stimulate the production of cytokines and mediators such as
IL-17, IL-18, IL-23, and TNF-a which in turn stimulate the production of chitinases
and CLPs (Zhu et al. 2004;Da Silva et al. 2008, 2009; Amarsaikhan and Templeton,
2015). It has been also reported that chitin exposure increased the expression of
IL-25, IL-33, TLSP, and CCL2 in lung epithelial cells. These factors induce type II
innate lymphoid cells to secrete IL-5 and IL-13 cytokines which are critical for the
accumulation of eosinophils and macrophages (Van Dyken et al. 2014). Chitinases
modulate the local and/or circulating concentration of chitin in the body and thereby
regulating the immune response to chitin. However, the mechanism of immune
response stimulation is not well understood and two alternative hypotheses have
been suggested previously. According to one hypothesis, chitinases degrade
exogenous chitin from sources such as fungi or HDM which consequently prevent
chitin from stimulating immune responses. In the absence of chitinases, chitin may
accumulate in tissues, activate innate immune cells, thereby triggering an excessive
inflammatory response (Alvarez 2014). Interestingly, a contrasting hypothesis
suggests that the size of chitin fragment is important, as large fragments are gen-
erally inert while smaller fragments produced due to chitinase activity trigger
inflammatory response (Da Silva et al. 2009; Kogiso et al. 2011). Increasing
number of evidences suggest that immune response and inflammatory cell
recruitment to chitin exposure is influenced by the size of chitin particles, shape of
particles, tissue of exposure, exposure duration, etc. (Alvarez 2014; Amarsaikhan
and Templeton 2015). In one study, when chitin was intranasally and intraperi-
toneally delivered to mice, macrophage activation and eosinophil migration were
observed in both routes of administration. However, a transient neutrophilic
response was only observed in the case of intraperitoneal challenge (Reese et al.
2007). Similarly, highly purified chitin did not stimulate, while chitin particles of
40–70 lm in size were able to stimulate the production of TNF-a and
anti-inflammatory response (Da Silva et al. 2009; Mora-Montes et al. 2011). Chitin
particles of 1–10 lm in size induced both anti-inflammatory and Th1 protective
responses (Da Silva et al. 2009). Chitin particles of about 0.2 lm in size were not
immunogenic (Alvarez 2014). One recent study identified six GlcNAc unit long
chitin chain as the smallest immunogenic unit (Fuchs et al. 2018). They further
demonstrated that Toll-like receptor 2 is a primary fungal chitin sensor on human
and murine immune cells and chitin oligomers bind to Toll-like receptor 2 with
affinity in nanomolar range. The extent of chitin degradation is determined by
chitinase activity in airways, which further influence immune responses.
Differences in inflammatory responses (Roy et al. 2012) by different particle or
fragment sizes might be due to the deployment of distinct chitin receptors that
activate different signaling pathways. In fact, several studies have reported evi-
dences for the stimulation of multiple signaling pathways upon chitin challenge
(Reese et al. 2007; Van Dyken et al. 2014).
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AMCase and CHIT1 were implicated in several other diseases such as Gaucher
disease, idiopathic pulmonary fibrosis, sarcoidosis, chronic obstructive pulmonary
disease (COPD), and Alzheimer’s disease. However, their role is not clearly
understood. Most of these evidences came from biomarker studies where either
high expression or high activity of AMCase or CHIT1 was observed in patients or
animal models. Gaucher disease is a lysosomal storage disorder caused by the
accumulation of glucocerebroside in macrophages due to the deficiency of
beta-glucosidase caused by autosomal recessive inheritance (Grabowski 2012).
These affected macrophages known as Gaucher cells than displace normal cells in
bone marrow and visceral organs causing organ dysfunction, skeletal manifesta-
tions, thrombopenia, etc. (Grabowski et al. 2015). Gaucher cells secrete biomarkers
in the blood and CHIT1 is one such biomarkers used for the diagnosis of Gaucher
disease (Hollak et al. 1994; Wajner et al. 2004; van Dussen et al. 2014), and
Niemann–Pick diseases (Wajner et al. 2004). It has been observed that circulating
levels of CHIT1 increased by 1000 folds in patients with Gaucher disease when
compared with healthy persons. CHIT1 concentrations in serum were higher in
patients with sarcoidosis than that of healthy persons (Bargagli et al. 2013).
Increased CHIT1 activity in airways was observed in patients with chronic
obstructive pulmonary disease (COPD) as compared to control subjects (Seibold
et al. 2008; Létuvé et al. 2010; James et al. 2016). Numerous evidences suggest that
inflammation is involved in the pathogenesis of Alzheimer’s disease (Stefano et al.
2007; Heppner et al. 2015). CHIT1 activity was found to be significantly increased
in cerebrospinal fluid of patients with Alzheimer’s disease as compared to control
(Mattsson et al. 2011; von Arnim et al. 2011; Watabe-Rudolph et al. 2012).
However, the exact mechanism of CHIT1 involvement in Alzheimer’s disease is
not known. CHIT1 has been shown to play a protective role by enhancing TGFb1
mediated clearance of amyloid b (Wang et al. 2018).

Apart from AMCase and CHIT1, increased expression of CLPs such as YKL-40
was also observed in Th2 type inflammation (Chupp et al. 2007; Komi et al. 2016).
Additionally, increased levels of YKL-40 in serum and lungs of asthma patients
were observed as compared to control (Chupp et al. 2007). Furthermore, it was
shown that YKL-40 is the central component of Th2 inflammatory responses. In
BRP-39 (homolog of YKL-40 in mice) deleted mice, type II immune response
declined after OVA exposure. However, these immune responses were rescued by
YKL-40 overexpression (Lee et al. 2009; Lee et al. 2011). It was further shown that
YKL-40 deficiency alleviates IL-13 dependent fibrosis suggesting its critical role in
Th2 inflammation (Lee et al. 2009; Kang et al. 2015). High YKL-40 levels were
also found in lungs of patients with idiopathic pulmonary fibrosis (Furuhashi et al.
2010; Zhou et al. 2014). Other CLPs, Ym1, and Ym2 were also identified as
allergy-associated protein in mice allergy model (Zhao et al. 2005; Song et al.
2008). Higher number of epithelial cells and macrophages expressing YKL-40 in
lung samples of idiopathic pulmonary fibrosis patients was observed (Zhou et al.
2014). YKL-40 expression was also found to be elevated in various cancer cells
compared with normal cells (Johansen et al. 2009; Choi et al. 2010; Lee et al.
2011). Several studies also reported the association of YKL-40 and cancer
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metastasis (Jensen et al. 2003; Ma et al. 2015). Knock-down of YKL-40 resulted in
the decrease of metastases in mice lung tissues and human cancer cell lines (Kim
et al. 2018). Increased levels of YKL-40 in cerebrospinal fluid were also found in
Alzheimer’s disease patients (Hellwig et al. 2015; Janelidze et al. 2016; Zhang et al.
2018).

Although the studies described above provide clues about the role of chitin,
human chitinases, and CLPs in inflammation and development of various inflam-
matory diseases, their specific role needs to be elucidated. Moreover, there is no
clear mechanistic understanding of how they regulate inflammation and immune
responses. Whether they function in a protective or adverse role in inflammation
have been found to be controversial. As inflammation is a very complex process
with multiple triggers, effectors, and mechanisms, and the observed outcome (pro-
or anti-inflammatory) may depend on how the experiment was conducted and what
“markers” were monitored. Studies have shown that size and shape of chitin par-
ticles, dose of administration, tissue of exposure and exposure duration could affect
inflammatory response in different manner. Chitin particles with different sizes
produced as a result of chitinase activity could interact with different cell surface
receptors and may stimulate macrophages to express different effector molecules
activating distinct signaling cascades. Activated macrophages may secrete
pro-inflammatory cytokines, such as TNF-a, IL-12, IL-18, which recruit eosino-
phils, neutrophils, and basophils. These cells produce type II inflammatory response
by secreting Th2 cytokines such as IL-4, IL-5, and IL-13. On the other hand, chitin
can also activate macrophages to produce type I cytokines to suppress type II
inflammatory response. Furthermore, studies have shown that chitinases and CLPs
may not only be playing direct protective role by degrading chitin but also may be
involved in augmenting the immune response against chitin and other allergens.

11.5 Current Status of CHIT1 and AMCase Inhibitor
Development

Allosamidin was the first chitinase inhibitor discovered about three decades ago
from the mycelia of Streptomyces species (Sakuda et al. 1986, 1987b). Allosamidin
has a pseudotrisaccharide structure consisting of one allosamizoline and two
N-acetyl-D-allosamine moieties (Sakuda et al. 1987a, 1988) (Table 11.1). It mimics
a transition state intermediate in chitin hydrolysis (Sakuda et al. 2001). Allosamidin
is a potent inhibitor against all family GH18 chitinases (Berecibar et al. 1999).
However, it does not inhibit family GH19 chitinases (Sakuda et al. 1993). Family
GH18 chitinases hydrolyze chitin via a substrate-assisted mechanism which involves
the production of an oxazolium ion intermediate. Allosamizoline moiety in allosa-
midin mimics this transition state intermediate (Tews et al. 1997). Family GH19
chitinases, on the other hand, employ a fold-and-reaction mechanism (Monzingo
et al. 1996) which is different from the substrate-assisted mechanism of family
GH18 chitinases. Up to now, seven naturally occurring allosamidins (allosamidin,

238 A. Kumar and K. Y. J. Zhang



methylallosamidin, demethylallosamidin, glucoallosamidin A, glucoallosamidin B,
methyl-N-demethylallosamidin, and didemethylallosamidin) have been identified
(Nishimoto et al. 1991). Allosamidin is the most widely studied among them. The
inhibitory potency of allosamidin against both AMCase (Boot et al. 2001) and
CHIT1 (Boot et al. 2001; Rao et al. 2003) is listed in Table 11.1. Allosamidin was
utilized as a chemical probe to demonstrate the association between AMCase and
asthma. It was shown that AMCase expression elevated upon exposure to allergen or
IL-13 induced inflammation in lung (Zhu et al. 2004) and the administration of
AMCase inhibitor allosamidin or demethylallosamidin (Table 11.1) suppressed
allergen-induced eosinophilia in murine asthma model (Zhu et al. 2004; Matsumoto
et al. 2009). Both allosamidin and demethylallosamidin inhibited chitinase activity
in vivo, however, reduction in allergen or IL-13-induced airway hyper-
responsiveness was only observed in case of demethylallosamidin.

Another class of reported family GH18 chitinase inhibitors include peptide-like
compounds that can mimic protein–carbohydrate interactions. These include cyclic
proline-containing dipeptides (Izumida et al. 1996; Houston et al. 2002) and cyclic
pentapeptides argadin (Arai et al. 2000b) and argifin (Arai et al. 2000a; Omura et al.
2000) (Table 11.1). Cyclic proline-containing dipeptides were isolated from the
broth of a marine bacterium while the cyclopeptides were isolated from
Clonostachys sp. FO-7314 and Gliocladium sp. FTD-0668. Argadin and argifin
were reported to inhibit both human chitinases (Rao et al. 2005b; Goedken et al.
2011). AMCase inhibitory activity of argadin and argifin were evaluated using
human and murine AMCases (Goedken et al. 2011). This study reported slight
differences in the AMCase inhibitory activity of argadin and argifin which might be
due to differences in the purification or method of expression for human and murine
AMCases (Goedken et al. 2011). In this study, Argifin was found to be much more
potent than argadin for both human and murine AMCases (Table 11.1). Argadin
and argifin also inhibited chitinase activity in BAL fluid obtained from
OVA-challenged mice with similar potency as recombinant enzyme (Goedken et al.
2011). Although both argadin and argifin displayed inhibitory activity against
human CHIT1, Argadin was found to be much more potent than Argifin (Rao et al.
2005b). Berberine and its analogs constitute another class of natural product
chitinase inhibitors (Duan et al. 2018) (Table 11.1). These compounds were
competitive inhibitors of family GH18 chitinases and GH20 b-N-acetyl-
D-hexosaminidase. Barberine and two of its analogs inhibited AMCase and
CHIT1 with moderate potency and are nonselective against either enzyme (Duan
et al. 2018). Deacetylated chitooligosaccharides represent another class of human
chitinase inhibitors. A series of fully deacetylated chitooligosaccharides (GlcN)2–7
was reported to inhibit CHIT1 where the potency was observed to increase with the
addition of GlcN unit. (GlcN)7 was found to be the most potent whereas (GlcN)2
was the least potent (Chen et al. 2014) (Table 11.1).

Some of the aforementioned natural products were potent AMCase and CHIT1
inhibitors, but their use as lead molecules in drug discovery was significantly
impeded by their high molecular weight, presence of several stereocenters, limited
availability, chemical complexity, and difficulty in synthesis. Furthermore, these
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properties also hampered their use in in vivo studies to investigate the role of
AMCase and CHIT1 in the development of various diseases. With a goal to develop
drug-like chitinase inhibitors, several groups reported different chemical classes of
drug-like compounds. Xanthine derivatives were among the first reported drug-like
inhibitors of human chitinases identified by screening a commercially available
library of drug molecules (Rao et al. 2005a). Screening resulted in the identification
of three hits (theophylline, caffeine, and pentoxifylline) with 1,3-dimethylxanthine
substructure. All three hits, however, were found to be only weak inhibitors of
CHIT1 and AMCase (Rao et al. 2005a) (Table 11.1). Crystallographic analyses of
theophylline, caffeine, and pentoxifylline with AfChiB1 revealed interactions
mimicking allosamidin (Rao et al. 2005a). Although the inhibitory values of these
methylxanthine derivatives were not very high, they represent a chemical class
which is easily available, low molecular weight, low cost and generally considered
safe. Additionally, their binding mode with AfChiB1 stimulated the identification
of other drug-like inhibitors. In one such study, a library of 5.1 million commer-
cially available compounds was filtered for 3-methylxanthine substructure
(Schüttelkopf et al. 2006). Further prioritization of hits utilizing molecular docking
and visual inspection followed by evaluation of inhibitory activity against AfChiB1
resulted in the identification of compound 1 (1-(2-(theobromine-1-yl)ethyl)-theo-
bromine) which is actually two linked caffeine molecules. Compound 1 showed
improvement of two orders of magnitude when compared with caffeine, its parent
compound (Schüttelkopf et al. 2006). Compound 1 also displayed moderate inhi-
bition of CHIT1 and murine AMCase. Crystal structure of Compound 1 in complex
with AfChiB1 revealed strained geometry of this compound within the binding
pocket (Schüttelkopf et al. 2006) when compared to its parent compound (Rao et al.
2005a). Syntheses of several dicaffeine scaffold derivatives (named as Bisdionins)
with variable linker length to alleviate ligand strain resulted in compounds with
improved human chitinase inhibitory potency (Table 11.1) (Schüttelkopf et al.
2011). Especially, Bisdionin C displayed low micromolar inhibition of both
AMCase and CHIT1. Although Bisdionin C displayed reasonable potency with
excellent drug-like properties, it is nonselective and inhibits both human chitinases
with more or less equal potency. As selective inhibitors are important to understand
functional differences in AMCase and CHIT1, Bisdionin F was synthesized taking
hints from the co-crystal structure of Bisdionin C in complex with AMCase
(Sutherland et al. 2011). Crystal structure of Bisdionin C in complex with AMCase
revealed that Bisdionin C occupies −1, −2 and −3 GlcNAc binding subsites of
AMCase and a methyl group at N7 position of xanthine ring imposes an unfa-
vorable conformation of AMCase pocket residue Asp138 (Fig. 11.4a). Bisdionin F
was synthesized by removing this methyl group from the xanthine scaffold. This
structure-guided optimization resulted in the improvement of AMCase inhibitory
activity by one order of magnitude for Bisdionin F when compared with
Bisdionin C (Sutherland et al. 2011) (Table 11.1). Co-crystal structure of
Bisdionin F with AMCase revealed that Asp138 adopted a favorable conformation
interacting with the compound via an additional hydrogen bond at N7 position
(Sutherland et al. 2011) (Fig. 11.4b). Furthermore, as improvement in potency was
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observed only for AMCase but not for CHIT1, a 20-fold selectivity for AMCase
was obtained (Sutherland et al. 2011). Bisdionin F also displayed similar effects
when evaluated in vivo and its treatment attenuated chitinase activity while alle-
viating some hallmarks of allergic inflammation including eosinophilia.

Another study employed a combination of high-throughput screening,
fragment-based drug design and in silico screening to identify several drug-like
inhibitors of AMCase and CHIT1 (Cole et al. 2010). Although some of these
reported compounds were highly potent AMCase and reasonably active CHIT1
inhibitors (compound 2 and 5), most of them lack selectivity toward either enzyme
(Table 11.1). The most potent of the reported AMCase inhibitors (compound 2)
was orally active and reduced the chitinase activity in BAL fluid of mice challenged
with the combination of HDM and cockroach allergens (Cole et al. 2010).
Co-crystal structures of many of the reported compounds were obtained that
stimulated research toward the development of more potent and selective human
chitinase inhibitors. Another class of drug-like inhibitors were derived from the
natural product chitinase inhibitor argifin (Arai et al. 2000a; Omura et al. 2000).
The amino-(3-methylureido)-methaniminium functional group of argifin was used
as a query to identify structurally similar compounds. Resulting hits were further
prioritized with molecular docking and selected compounds were evaluated for
inhibitory activities against AMCase. Seven of the tested compounds showed IC50

values of � 100 lM (Wakasugi et al. 2013). No CHIT1 inhibitory activities were
reported for these compounds. In pursuit of the development of agrochemicals, our
group has also identified two new chemical classes of compounds demonstrating
inhibitory activity against chitinase of destructive crop pest Asian corn borer,
Ostrinia furnacalis. These two chemical scaffolds were identified following a
hierarchical virtual screening approach (Kumar and Zhang 2015) where a combi-
nation of shape similarity and molecular docking was employed to filter a library of
about four million commercially available compounds. One of these classes
(compound 6 and 7) exhibited broad-spectrum activity against various chitinases
with moderate inhibitory activity against CHIT1 (Jiang et al. 2016).

As previously described in this manuscript, contrasting observations were
obtained in different experiments meant to study the role of AMCase/CHIT1 in

Fig. 11.4 Co-crystal structures of CHIT1 with a Bisdionin C and b Bisdionin F
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disease development. These contrasting observations prompted researchers to
develop AMCase and/or CHIT1 inhibitors that are much more potent, highly
selective for one of the enzyme and possessed a good pharmacokinetic profile that
is suitable for animal studies. In one such study, the previously reported compound
2 (Cole et al. 2010) was selected as a starting point for the development of more
potent and selective AMCase inhibitors (Mazur et al. 2018b). Although wyeth1 was
relatively less potent and nonselective for AMCase (Table 11.1), it was a suitable
starting point due to its drug-like profile and the availability of co-crystal structure
(PDB code 3RM4). Chemical synthesis guided by structure-based design and
chitinase activity evaluation against human and murine AMCase and CHIT1
resulted in a series of aminotriazoles with high AMCase and CHIT1 inhibitory
activity (Mazur et al. 2018b). Several compounds were found to be potent against
AMCase with IC50 in low nanomolar range and reasonable selectivity against
CHIT1. Compound 3 was reported to be especially interesting as AMCase inhibitor
due to its high potency, specificity and good pharmacokinetic properties
(Table 11.1). Compound 3 also demonstrated significant reduction in inflammation
in HDM-induced allergic airway inflammation model where reduction in AMCase
activity highly correlated with inflammatory cell influx in BAL fluid (Mazur et al.
2018b). However, compound 3 was not pursued further due to dopamine receptor
off-target activity and potential concerns about safety. Utilizing compound 2
scaffold as a starting point the same research group also reported compound 4 that
was highly potent and possessed 143-fold selectivity for mouse CHIT1 over mouse
AMCase (Mazur et al. 2018a) (Table 11.1).

11.6 Conclusion

Humans express two chitinases, AMCase and CHIT1 to degrade chitin from
environmental sources. Recent evidences suggest that chitinases may also play a
key role in innate immune response against pathogens. Several studies have shown
the involvement of both AMCase and CHIT1 in the development of various dis-
eases such as asthma, COPD, idiopathic pulmonary fibrosis, Alzheimer disease, and
cancer. However, the mechanism of their involvement is not well understood. Most
of the information about their role came from biomarker studies, where either
human chitinases were highly expressed or elevated chitinase activity was
observed. Moreover, their role in disease development is not devoid of contro-
versies. There is no clear understanding about the mechanism of their immune
regulation and whether they play a protective or adverse role in inflammation is still
controversial. As inflammation is a very complex process with multiple triggers,
effectors, and mechanisms, and the observed outcome (pro- or anti-inflammatory)
may depend on how the experiment was conducted, what inducer was used, dose
and method of administration, exposure duration and what “markers” were moni-
tored. Recent studies also pointed out the role of chitin recognition and degradation
in the activation of pro- and anti-inflammatory responses. Chitin fragments of
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different sizes may interact with different receptors on the surface of macrophages
triggering a distinct immune response. These studies suggest that chitinases may
play a direct protective role by degrading chitin as well as may be involved in
augmenting the immune response against chitin and other allergens. However,
further characterization of interactions between chitin and chitin receptors and
associated pathways will be required to understand the biological role of chitinases
in humans. Recent reports also highlighted the involvement of various CLPs and
some of the CLPs have been shown to play a central role in human responses to
pathogens or disease conditions. Further work is required to study their role in
inflammation. Lack of understanding of chitinase role in disease development did
not prevent researchers from developing inhibitors of AMCase and CHIT1.
Though initial efforts were focused toward natural product inhibitors, drug-like
inhibitors with high potency and better pharmacokinetic properties were later
developed. These inhibitors played a significant role in studying both AMCase and
CHIT1 and implications of inhibiting these proteins. However, studying the role of
these proteins is much more challenging and requires the specific inhibition of one
of these proteins. Identifying selective inhibitors against these proteins is chal-
lenging due to the similar fold, functions and very conserved active site. This may
be the reason why almost all of the inhibitors developed for these two proteins are
nonselective or only weakly selective. The level of selectivity of current generation
of inhibitors may not be adequate for in vivo studies as much higher dose is utilized
and with that dose it is very difficult to avoid inhibition of both proteins. Therefore,
the discovery of highly selective inhibitors for AMCase and CHIT1 is necessary in
order to better understand the roles of chitin and chitinases in inflammation and
development of inflammatory diseases.
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