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ARTICLE INFO ABSTRACT

The incidence of inflammatory bowel disease (IBD) is steadily increasing. IBD is characterized by chronic in-
flammation of the gastrointestinal tract and is divided into the two main entities Crohn's disease (CD) and
ulcerative colitis (UC). Genetic predispositions, environmental factors and a dysregulated immune response are
known to be involved at the beginning of IBD. However, their etiopathogenesis is not yet fully understood. Over
the last ten years, there has been increasing evidence of the involvement of the member of the 18-glycosylhy-
drolase family chitinase-3-like protein 1 (CHI3L1) in IBD. CHI3L1 is associated with various diseases such as
cancer and chronic inflammatory diseases including rheumatoid arthritis or IBD as well as neurological diseases
where it can act as a chemoattractant, mitogen or growth factor. This review will focus on the role of auto-
immunity to CHI3L1 in IBD in the context of its expression in inflamed colonic epithelia and interaction with
intestinal microbiota. Further, it will provide insights into the interaction of CHI3L1 with different mechanisms
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of the innate and adaptive immune response in IBD.

1. Introduction

The incidence of inflammatory bowel diseases (IBDs) is increasing
in countries that are developing western lifestyles, and IBD is most
prevalent in industrialized countries affecting about one in 250 in-
dividuals [1]. However, the etiology of IBD is still elusive [2]. Based on
pathological and clinical characteristics, IBD can be divided into two
main entities, ulcerative colitis (UC) and Crohn's disease (CD). The
latter is characterized by a transmural inflammation that leads to ab-
scesses, fistulas and strictures and can affect the gastrointestinal tract
from the mouth to the rectum. In contrast, UC is characterized by dif-
fuse inflammation of the mucosa, locally restricted to the colon and
rectum [3,4]. However, it is assumed that dysfunction of the intestinal
mucosal barrier and dysregulation of the immune system, genetic pre-
disposition and environmental factors play a significant role in the
manifestation of IBD [5,6]. An increased leakiness of the epithelial
barrier in combination with altered T cell regulation and function as
well as impaired innate immunity may be triggers for mucosal in-
flammation in IBD [7-11]. In this article, we focus on the role of the 18-
glycosylhydrolase member chitinase-3-like 1 protein (CHI3L1) in the

pathophysiology of IBD.
2. Chitinase-3-like protein 1 (CHI3L1)

The 40 kDa glycoprotein CHI3L1 was first described in 1990 as a
protein secreted by synovial cells and was referred to as human carti-
lage glycoprotein-39 (HC gp-39) [12] or YKL-40 due to its three N-
terminal amino acids, Tyrosine (Y)- Lysine (K)- Leucine (L) [13]. Like
other chitinases and chitinase-related proteins, CHI3L1 is a member of
the 18-glycosylhydrolase family [14]. Although this group includes
proteins such as chitotriosidase [15] and acidic mammalian chitinase
(AMCase) [16], which are enzymatically active against chitin, CHI3L1
lacks chitinolytic activity due to an amino acid substitution in its cat-
alytic region [14,17]. The gene for CHI3L1 consists of 10 exons, span-
ning 8 kb genomic DNA and is located on chromosome 1q31-q32 [18].
CHI3L1 is expressed by a variety of cells like synovial cells [12],
chondrocytes [17], smooth muscle cells [19], colonic epithelial cells
[20], osteosarcoma cells [21] as well as macrophages [14] and neu-
trophils [22].

Although CHI3L1 has no catalytic activity, it binds chitin, heparin,
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hyaluronan and collagen via a carbohydrate-binding motif (CBM)
[23,24]. However, it was shown that the physiological ligands chit-
ohexaose and hyaluronan bound CHI3L1 with a higher preference than
heparin and collagen of types I, Il and III. [25]. Depending on the site of
CHI3L1 expression, CHI3L1 showed different effects on collagen. For
example, CHI3L1 derived from cartilage had an inhibitory effect on
type I collagen fibril formation. In contrast, CHI3L1, which was derived
from chondrocytes, promoted the formation of fibrils and prevented the
cleavage of type I collagen [25]. This was also reported for CHI3L1
derived from adipose tissue. Here it was expressed mainly in the
stromal vascular fraction and had the same effect on collagen type I like
CHI3L1 derived from chondrocytes [26].

The interaction with heparin was first described in 1990 when he-
parin-sepharose chromatography was used to isolate CHI3L1 [12]. Al-
though CHI3L1 has a carbohydrate (heparin)-binding motif [27] it
seems to be more likely that heparan sulfate proteoglycans are the
physiological ligand for CHI3L1, since these proteoglycans are a com-
ponent of the extracellular matrix and cell surface and play a role in cell
adhesion and growth factor/cytokine action [28].

In accordance to this, it was reported that CHI3L1 was associated
with tissue remodeling in vascular smooth muscle cells [19] and that it
acted as a mitogen or growth factor to stimulate tissue remodeling in
chondrocytes and synovial cells [29]. Here it was shown that CHI3L1
interacted with IGF-1 and could promote the growth of skin and fetal
lung fibroblasts in a similar way to IGF-1. It appears that AKT-, ERK-
and PKB-mediated signalling pathways are involved in the mitogenic
function of CHI3L1 [30]. Furthermore, CHI3L1 acted as a chemoat-
tractant in human umbilical vein vascular endothelial cells by stimu-
lating cell migration and adhesion [31,32].

3. CHI3L1's interactions with the intestinal microbiota

A possible involvement of chronic bacterial infections in the pa-
thogenesis of IBD has been investigated in several studies [33,34].
Antigens of Listeria spp., Streptococcus and Escherichia coli (E. coli) were
described in CD in granulomatous and peri-ulcerative lesions [35].
Especially adherent invasive E. coli(AIEC) which colonizes the terminal
ileum of CD patients, was found in 21.7% of chronic lesions and 36.4%
of early lesions [36]. AIEC survived in macrophages and intestinal
epithelial cells while avoiding activation of apoptosis [36-38].

In recent years, Emiko Mizoguchi's group has conducted extensive
studies on the interaction of CHI3L1 with intestinal epithelia and bac-
teria. They showed an upregulated expression of CHI3L1 in colonic
epithelial cells (CECs) and the lamina propria during different stages of
inflammation in a murine colitis model and in patients with CD and UC
[20]. This upregulation improved the adhesion and invasion of Sal-
monella typhimurium and AIEC, but not of non-pathogenic E. coli (DH5a)
in CECs. Later, they showed that CHI3L1 bound to the chitin-binding
protein 21 (CBP21) expressed by Serratia marcescens [39]. In potentially
pathogenic E. coli, a corresponding CBP21 homologue, ChiA, was
identified, which carried a unique amino acid motif in its chitin-binding
domain that promoted adhesion of AIEC to CECs by N-glycosylated
CHI3L1 [110]. Therefore, it has been suggested that CHI3L1 could
improve the adhesion of CBP21- or ChiA-expressing bacteria to CECs
[20,39]. Further it was shown by the same group that the CBM of
CHI3L1 was critical for the activation of protein kinase B (Akt) sig-
naling in CECs in vitro [24]. Akt signaling thus increased the secretion
of pro-inflammatory cytokines TNF-a and IL-8 in CECs [24], which in
turn triggered the accumulation, recruitment and activation of neu-
trophils [40-42]. Additionally, AIEC and mucosa-associated E. coli also
induced TNF-a and IL-8, respectively [43].

4. CHI3L1 in intestinal epithelial cells

A critical factor for the development of inflammation in IBD is the
impairment of the homeostasis between mucosal immunity and
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commensal bacteria [5]. Here, pattern recognition receptors (PRRs)
such as Toll-like receptors (TLRs), which modulate the adaptive im-
mune response by induction of anti-/pro-inflammatory genes [44], play
an important role since they are essential for the recognition of highly
conserved pathogen-associated molecular patterns [45]. Thus, TLR4
formed a complex with MD-2 (lymphocyte antigen 96, Lys-96) [46] and
recognized lipopolysaccharide (LPS) molecules of Gram-negative bac-
teria (including commensals) that were bound to soluble CD14 [47,48].
In healthy individuals and intestinal epithelial cell lines (IECs), the
expression of TLR4/MD-2 was downregulated and hardly detectable,
probably contributing to the prevention of inappropriate activation by
commensals [49,50]. In contrast, TLR4/MD-2 was upregulated in small
intestine and colon biopsies of CD and UC patients and was induced by
proinflammatory cytokines such as interferon gamma (IFNy) and TNFa
in IECs. The adapter protein MyD88, which interacts with the cyto-
plasmic region of TLRs, the so-called Toll/IL-1 receptor (TIR) domain,
also plays an important role. However, activation of TLR4/MD-2 and
subsequent MyD88-mediated signalling led to activation of the NF-kB
signalling pathways [51]and thus to the upregulation of proin-
flammatory cytokines including TNFa, IL-1(3, IL-2, IL-6, IL-12 and in-
terferon gamma (IFNy) or granulocyte colony stimulation factor (G-
CSF) and granulocyte macrophage colony stimulation factor (GM-CSF)
[52]. It has been shown that TNFa, IL-1B and IFNy, but not LPS, up-
regulated the expression of CHI3L1 in CECs [20]. Interestingly, overall
upregulated expression of CHI3L1 could be found in cells carrying the
TLR4 mutations D299G or T399I [53]. These common “loss of function”
mutations are associated with TLR4 hyporesponsivness to LPS and thus
to a decreased NF-kB activation [54]. It is noteworthy that no en-
dogenous CHI3L1 expression was found in HT-29 cells that did not
carry a TLR4 mutation, but instead in SW480 and CaCo2 cells in which
the D299G or T399I mutations of TLR4 were shown [55]. These data
suggest that in IBD patients carrying the TLR4 mutation, an increased
expression of CHI3L1 in the epithelium may contribute to increased
bacterial adhesion and invasion. Nevertheless, the TLR4 mutation-in-
dependent upregulation of CHI3L1 by cytokines also seemed to increase
bacterial adhesion and invasion and thus trigger an immune response
[20,56].

5. CHI3L1 and macrophages

Macrophages contribute to the first line of host defense. They not
only recycle cell debris generated by normal tissue homeostasis, but
also remove pathogens and regulate the inflammatory process [57].
Intestinal macrophages are tolerant to foreign substances like antigens
of commensal microbiota and food components by downregulating the
relevant recognition receptors. The stimulation of PRRs and TLRs on
macrophages caused a strong bactericidal activity but a low cytokine
secretion to prevent against an undesired immune response [58-60]. In
IBD patients, macrophages infiltrate and spread massively through the
intestinal mucosa and submucosa [61]. In general, macrophages were
divided into pro-inflammatory M1 macrophages and anti-inflammatory
M2 macrophages [62]. The activation and polarization of M1 or M2
macrophages is determined by chemokines. For example, [FNy and LPS
(via TLRs) activated macrophage polarization (M1 polarization),
leading to the release of additional chemokines such as C-chemokine
ligand 2 (CCL2, also known as monocytic chemotactic protein-1[MCP-
1]) and numerous other interleukins [62-64]. In contrast, IL-10 in-
duced M2 polarization while INFy or LPS-dependent M1 polarization
was inhibited. In IBD patients, the polarization of monocytes to anti-
inflammatory M2 macrophages may be disturbed due to a defective
TGFp signalling that amplifies the inflammatory anergy of M2 macro-
phages [65,66].

CHI3L1 can mediate macrophage recruitment [67] and, although
CHI3L1 was not upregulated by LPS in CECs, LPS (and INFy) induced
CHI3L1 expression in human macrophages [68]. However, in macro-
phages of tumor bearing mice, CHI3L1 induced the expression of CCL2,
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Chemokine CX motif ligand 2 (CXCL2) and matrix metalloproteinase-9
(MMP-9) likely via the TLR4 receptor [64], an effect that could be in-
verted by chitin treatment [69]. MMP-9 is associated with inflamma-
tion and modulation of colonic epithelial permeability in IBD [70], and,
like CCL2, with tumor progression and growth of metastasis [69].
Therefore, MMP-9 may also contribute to potentially CHI3L1-associated
tissue destruction in IBD. CXCL2 may also participate in tumor pro-
gression by promoting angiogenesis [71], and it was also shown to
mediate recruitment of neutrophils [72].

The exact mechanism of how CHI3L1 could take part in the mac-
rophage-derived pathological effects of IBD and especially CD is still
unclear. CD is characterized by impaired bacterial clearance which was
linked to impaired cytokine secretion [73], E. coli infiltration into in-
testinal macrophages [74] and formation of granulomas resulting from
ineffective elimination of invading pathogens [75,76]. However, LPS
and CCL2 activation by CHI3L1 might provide a link of enhanced
bacterial adhesion and invasion, following activation of macrophages.
This could enhance destruction of the intestinal barrier by macrophage-
secreted compounds and enhance macrophage infiltration, all of which
were features of CD. In contrast, CHI3L1 may have an opposite effect in
UC. CHI3L1 effected the T helper cell (Th) 2 response in mice pul-
monary epithelium. Th2 can induce M2 macrophage activation in an
alternative way [77] which in turn activates Wnt-signaling and a de-
crease of enterocyte differentiation in epithelial cells [78,79].

6. CHI3L1 and neutrophils

Neutrophils migrate to the site of inflammation and serve as the first
line of immune response in the acute phase of inflammation. However,
it is thought that a defective neutrophil regulation in IBD plays an
important role in the onset or manifestation of IBD. Neutrophil dysre-
gulation leads to damage of the intestinal mucosal barrier caused by the
infiltration of neutrophils into the inflamed mucosa and the accumu-
lation of pathogens, such as bacteria, that are not phagocytosed by
neutrophils [80,81]. Although the migration of neutrophils into the
intestinal mucosa is a characteristic of IBD, there are differences be-
tween CD and UC [82]. While in UC the infiltration and accumulation
of neutrophils were increased and correlated with disease activity [83],
in CD, a disturbed neutrophil recruitment was described [84]. At the
site of inflammation neutrophils roll along the intestinal surface and
interact loosely with so-called P-Selctins [85]. Neutrophils are then
activated by various chemokines such as IL-8 [40]. It is noteworthy that
IL-8 varies in IBD. It has been shown that the production of IL-8 and
thus the accumulation of neutrophils is reduced in the intestines of CD
patients [86]. In contrast, IL-8 is overexpressed in the intestinal tissue
of UC patients and correlates with the severity of the disease and the
neutrophil number [87]. In neutrophils, CHI3L1 is stored in specific
granules and during recruitment and activation of neutrophils, CHI3L1
is co-mobilized with lactoferrin, a known antigenic target of anti-
neutrophil cytoplasmic antibodies (ANCA) commonly found in IBD
patients [22]. These data suggest a disparate role of CHI3L1 in neu-
trophil function in IBD. In UC, an increased expression of CHI3L1 in
intestinal epithelial cells and the resulting upregulation of IL-8 may
explain an increased neutrophil recruitment, accumulation and in-
filtration. However, activated neutrophils release various molecules,
including matrix metalloproteinases (MMPs). One of the most im-
portant MMPs is MMP-9, which correlates with endoscopic, clinical and
histological activities in UC but not CD [88]. MMP9 contributes to the
infiltration of neutrophils in inflammatory processes by degradation of
collagen [89]. The release of collagen fragments, which have a che-
motactic effect on neutrophils, recruited more neutrophils, which se-
creted more MMP, resulting in a kind of "positive feedback loop" [90].
In addition, MMP-9 can cleave IL-8, resulting in a truncated, more ac-
tive form of IL-8, that potentiated neutrophil recruitment and MMP-9
secretion [91] and would explain increased neutrophil infiltration and
intestinal tissue destruction [70] in UC patients. Since CHI3L1 has
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already been shown to induce secretion of MMP9, CHI3L1 may also
contribute to this positive feedback effect.

7. Loss of tolerance to CHI3L1 - just an epiphenomenon of IBD?

The data discussed here show that CHI3L1 can play an important
role in the etiopathogenesis of IBD. However, it is unclear whether
CHI3L1 can directly contribute to the development of IBD or whether
its upregulation in, for example, CECs is an epiphenomenon.

In this context, the previous report on the loss of tolerance to
CHI3L1, to be associated with IBD and in particular CD, provides fur-
ther evidence of CHI3L1's involvement in the pathophysiology of IBD
[92]. If CHI3L1 interacts with pathogenic bacteria via CBP21 or ChiA,
the resulting immune response against these bacteria may also trigger a
tolerance break against CHI3L1. The loss of tolerance to other glyco-
proteins interacting with the microbiota, such as glycoprotein 2 and its
possible role in IBD pathophysiology, was recently demonstrated
[93-95]. In contrast to GP2, expression of CHI3L1 was shown in im-
mune cells and especially in neutrophils [14,18,96]. Furthermore,
CHI3L1 is expressed in dendritic cells (DCs) [97], upregulated in
macrophages [68] and overexpressed in B lymphocytes (B cells) of
tumor-bearing mice [69]. Macrophages and DCs, but also B cells, are
antigen-presenting cells affecting the subsequent immune response
[98,99]. However, T cells, can be activated by antigen-presentation
mediated by the T-cell receptor (TCR)/CD3 complex. After interaction
of this receptor complex with antigen/ major histocompatibility com-
plex as ligand, additional chemokine signals are required to define T-
cell polarization in subsets such as Thl, Th2 or Th17 [9,10]. These
subsets are involved differently in IBD. CD is traditionally associated
with Thl and UC with Th2. Recent findings suggest that Th17 is asso-
ciated with the development of autoimmunity in IBD. Activated T cells
have the ability to induce clonal expansion of B cells [100] that are
hyperactivated in IBD [101]. Distinct signals result in a class switch of
immunoglobulins to IgA which are directed against the presented an-
tigen [102]. IgA and especially secretory IgA (sIgA) are capable of di-
rectly clearing microbial antigens and pathogens [103]. In context with
the loss of tolerance to CHI3L1 in IBD, sIgA directed against CHI3L1
and microbial antigens may attenuate CHI3L1-induced bacterial adhe-
sion and migration and thus reduce the downstream immune response.
Interestingly, elevated levels of sIgA in CD in contrast to UC was re-
cently demonstrated [104] (Fig. 1). kHowever, this mechanism needs to
be demonstrated experimentally and could address aspects of upregu-
lated CHI3L1 in other parts of intestinal immunity. Noteworthy is that
CHI3L1 has been identified as an antigenic target in patients with
rheumatoid arthritis [105,106]. It is shown that APCs present CHI3L1
to T cells, and downstream signaling leads to a much stronger pro-in-
flammatory response of monocytes and suppresses the anti-in-
flammatory T cell response [107-109]. These data may underline that
CHI3L1 may act similarly in IBD.

8. Conclusion

CHI3L1 is a glycoprotein associated with various diseases such as
IBD. It affects different components of the innate and adaptive immune
response but its physiological function is not yet fully understood.
However, it is unclear whether CHI3L1 affects IBD through mechanisms
such as increased bacterial adhesion and invasion or upregulated ex-
pression in different cell types such as immune cells. The loss of tol-
erance to CHI3L1 could be considered an epiphenomenon of in-
flammation in IBD. However, autoantibodies against CHI3L1, in
particular sIgA, may contribute to the onset and course of IBD. Future
research is needed to answer these questions and to investigate the
pathological features of CHI3L1 in IBD and other diseases.
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