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Abstract
Host-microbial interactions play a key role during the development of colitis. We have previously
shown that chinase 3-like 1 (CHI3L1) is an inducible molecule overexpressed in colonic epithelial
cells (CECs) under inflammatory conditions.

In this study, we found that chitin-binding motif (CBM) of CHI3L1 is specifically associated with
the CHI3L1-mediated activation of the Akt-signaling in CEC by transfecting the CBM-mutant
CHI3L1 vectors in SW480 CECs. Downstream, CHI3L1 enhanced the secretion of IL-8 and TNFα
in a dose-dependent manner. We previously show that 325 through 339 amino-acids in CBM are
crucial for the biological function of CHI3L1. Here we demonstrated that 325th–339th residues of
CBM in CHI3L1 is a critical region for the activation of Akt, IL-8 production, and for a specific
cellular localization of CHI3L1.

In conclusion, CBM region of CHI3L1 is critical in activating Akt signaling in CECs, and the
activation may be associated with the development of chronic colitis.
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1. Introduction
Mammalian chitinases are evolutionarily well conserved proteins and belong to the glycosyl
hydrolases 18 family based on structural similarity with other bacterial and plant chitinases
[1, 2]. Chitinase 3-like 1 (CHI3L1, also known as YKL-40 or HC-gp39) also belongs to this
family, but called as chitinase-like proteins or chitinase-like lectins (chi-lectins) because of
lacking chitinase activity, while it still possesses the carbohydrate-binding motif (CBM) in
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its C-terminus [3]. CBM is a critical region in interacting with chitin, a polymer of β-1,4-
linked N-acetylglucosamine and a structural component of the cell walls and coating of
many organisms including crustaceans, parasites, fungi, insects, mites, and other pathogens
[4]. CHI3L1 is produced by a wide variety of cells including neutrophils, macrophages,
synovial cells, fibroblasts, smooth muscle cells, endothelial cells, epithelial cells and tumor
cells [5–10]. Increased message and protein levels of CHI3L1 have been detected in patients
with chronic inflammation including rheumatoid arthritis, bronchial asthma, inflammatory
bowel disease (IBD; Crohn’s disease and ulcerative colitis), breast cancer and colon cancer
[11–16]. Approximately 64% of Crohn’s disease patients with extra-intestinal
manifestations including arthralgia, erythema nodosum, uveritis, aphthous ulcerations and
fistulas showed significantly increased serum levels of CHI3L1, suggesting a strong
relationship between serum CHI3L1 and the existence of clinical complications in Crohn’s
disease patients [14]. Our group previously identified that the expression of CHI3L1
molecule is highly induced in CECs and macrophages with intestinal inflammation and
enhances potentially pathogenic, but not non-pathogenic, bacterial adhesion and invasion
on/into CECs [9, 17]. However, the exact biological role of CHI3L1 in host-microbial
interactions and in an exacerbation of chronic colitis is still largely unknown.

Physiological concentration of CHI3L1 enhances proliferation of guinea pig chondrocytes,
rabbit chondrocytes as well as synovial cells in vitro [18]. Ling et al previously
demonstrated that CHI3L1 stimulation in human skin fibroblasts or articular chondrocytes
resulted in protein kinase B (Akt)-mediated serine/threonine phosphorylation of the
apoptosis signal-regulator kinase, ASK1, suggesting that CHI3L1 elicits anti-catabolic and
anti-apoptotic response during tissue remodeling/destruction [19]. In addition, the activation
of cytoplasmic signaling cascades with IL-1 and TNFα enhances CHI3L1-mediated
interaction with one or several signaling components on the plasma membrane of articular
chondrocytes and skin fibroblast (down-regulation of both p38 MAPK and SAPK/JNK
phosphorylation) [10, 19]. However, it is unclear whether CHI3L1-mediated signaling
cascades are activated in CECs in managing the microbial interface, which seems to be
mainly regulated by CBM in CHI3L1 [17].

It has also been previously demonstrated that a chitin-binding domain truncated form of the
human chitotriosidase, a chitinolytic enzyme and one of the member of glycoside hydrolase
18 family, can hydrolyze chitotriose but is unable to bind to chitin anymore [6]. In addition,
it has been shown that the C-terminal portion of 49 amino acids makes up the minimal
sequence required for chitotriosidase chitin-binding activity. There are six cysteine residues
within the minimal chitin-binding domain of chitotriosidase, and mutation of any one of
these cysteine residues to serine results in a complete loss of the chitin-binding activity [20].
These results strongly suggest that the cysteine-rich character of the chitin-binding domain
in chitotriosidase may be a useful probe for identifying and binding with polysaccharides
(e.g., chitin, chitin-like substrate) in vertebrate tissue. In spite of a closely related amino acid
sequence and structural relationship to chitotriosidase, CHI3L1 lacks apparent
glycohydrolase enzymatic activity as well as a complete form of the cysteine-rich chitin-
binding domain [1]. However, CHI3L1 still possesses its function as a lectin identifying
specific glycan structures in mammalian tissue, and CHI3L1 has the ability to efficiently
interact with chitin fragments via the CBM in its C-terminus [1].

In this study, we demonstrated, for the first time, that the CBM in CHI3L1 plays a pivotal
role in activating the Akt signaling pathway with enhanced IL-8 production, which
presumably is important for maintaining chronic inflammation and the following
development of colitis-associated neoplastic change in CECs [21, 22].
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2. Materials and Methods
2.1. Cell Culture

SW480 (human colonic epithelial) and Cos 7 (monkey kidney-fibroblast) cells were
obtained from American Type Culture Collection (Manassas, VA) and were cultured in
Dulbecco’s modified Eagle medium (DMEM) with L-glutamine (Cellgro, Lawrence, KS),
supplemented with 10% (vol/vol) fetal calf serum (Atlanta Biological Inc., Norcross, GA)
and a mixture of antibiotics (penicillin G and streptomycin) (Cellgro).

2.2. Generation of the truncated form of mouse CHI3L1 expression vector
The protocol for generating the mouse wildtype (WT)-CHI3L1 expression vector has been
reported previously [9]. The truncated form of mouse CHI3L1 was generated and cloned
into pcDNA4 His/Max-TOPO vector (Invitrogen, Carlsbad, CA) tagged with Xpress® and
6xHis. After transformation into TOP10 competent cells (Invitrogen), the direction of
inserted cDNA was screened by PCR. All PCR primers to generate truncated or point
mutated CHI3L1 were generated by using the PCR primers as shown in Table 1. The
sequences of the wild-type and mutant forms of CHI3L1 were confirmed at the DNA Core
at Massachusetts General Hospital. Transient transfection was performed using
Lipofectamine 2000 (Invitrogen) in Cos7 and SW480 cells according to the manufacturer’s
instruction.

2.3. Luciferase assay
The pNFκB-Luc reporter plasmids and pRL plasmids were obtained from Dr. Ramnik J.
Xavier (Massachusetts General Hospital, Boston, MA). Human IL-8 promoter which was
subcloned into pGL3b luciferase plasmid (Promega, Madison, WI) was obtained from Dr.
Hans-Christian Reinecker (Massachusetts General Hospital). SW480 cells were seeded at
the density of 2–3 × 105 cells/well in 24-well tissue culture plates (Corning Incorporated,
Corning, NY). After seeding the cells for 24 hours, cells were transfected with 0.5 µg/well
of wild type or ΔCBM mouse CHI3L1 vector with 10 ng/well of the reporter plasmids
(NFκB-Luc or the IL-8 -Luc) and 0.4 ng of Renilla plasmid (control vector) using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA). After 24 hours, luciferase activity was
measured using the dual-luciferase reporter assay system (Promega, Madison, WI)
according to the manufacturer’s instructions and normalized relative to Renilla activity.

2.4. Enzyme-linked Immunosorbent Assay (ELISA)
For ELISA, the procedure was performed following the instruction protocol from R&D
systems (Minneapolis, MN). The optical density at 450 nm was read by an Auto-Reader
(Bio-Tec Instruments, Burlington, VT). To standardize the assay, recombinant IL-8 was
used as a positive control. A standard curve was created with the optical density of 2000 pg/
ml to 62.5 pg/ml of recombinant IL-8. The quantity of soluble IL-8 in the culture
supernatant was calculated using this standard line. For the inhibition of CHI3L1 activity,
250 µg/mL of affinity purified anti-CHI3L1 antibody (Affinity BioReagents, Golden, CO)
[9] was added to the cell culture. As the control, 250 µg/mL of purified normal rabbit IgG
(Bethyl Laboratories, Montgomery, TX) was used.

2.5. Indirect Immunofluorescence and confocal microscopic analyses
SW480 cells were seeded on 4 chamber polystyrene vessel tissue culture treated glass slides
(BD Biosciences, Bedford, MA) and were transfected with CHI3L1 willdtype or mutant
constructs. After 12–15 hours of transfection, cells were fixed with methanol and stained
with mouse anti-Xpress monoclonal antibody (Invitrogen) or rabbit anti-calnexin antibody
(Enzo Life Sciences, Plymouth Metting, PA) followed by FITC-horse anti-mouse IgG
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(Vector) or PE-goat anti-rabbit IgG (Vector), respectively, as previously described [9]. The
stained sections were examined with a confocal microscope (model Radiance 2000; Bio-
Rad, Hercules, CA) using multi-tracking for two-color imaging. Image acquisition was
performed with LaserSharp Scanning software (Bio-Rad). The CHI3L1 activity was
inhibited same as described above.

2.6. Immunoblot Analysis
Western blot analysis was performed as previously described. Briefly, cells were washed
and then homogenized in a lysis buffer containing 50 mM Tris (pH8.0), 0.5% NP-40, 1 mM
EDTA, 150 mM sodium pyrophosphate, 1 mM sodium orthovanadate, 1 mM,
phenylmethylsulfonyl fluoride, and a tablet of protease inhibitor cocktail (Roche
Diagnostics, Mannheim, Germany). After being lysed on ice by 100µL lysis buffer for 30
min, the cell lysates were centrifuged at 10,000 rpm for 10min and the supernatant was
collected for measuring protein concentration by using the BCA protein assay kit (Pierce
Company, Rockford, IL, USA). Phosphorylation or total of MAPK p42/p44 (Thr202/
Tyr204), MAPK p38 (Thr180 /Tyr 182), c-JunNH2-terminal kinase (JNK)/SAPK (Thr183 /
Tyr185), and Akt (Thr 308/Ser 473) were detected by antibodies obtained from Cell
Signaling Technology. After stripping antiphospho Abs using Western blot stripping buffer
(Pierce, Rockford, IL), the membranes were re-probed by anti total antibodies.

2.7. Statistical analysis
Statistical significance was evaluated by the Mann-Whitney U test for non-parametric data
or the student t test for parametric data.

3. Results
3.1. Cytoplasmic cellular localization and membrane-association of CHI3L1 protein was
mainly regulated by CBM

Although CHI3L1 has no complete chitin-binding domain like chitotriosidase and acidic
mammalian chitinase, it still preserves a carbohydrate-binding motif which enables it to
interact with chitin and chito-oligisaccharides [1]. In the previous study, we demonstrated
that anti-CHI3L1 antibody specifically recognizes CHI3L1 peptide 325–339 amino acid
residues within the chitin-binding motif, ameliorated dextran sulfate sodium (DSS)-induced
acute colitis [9]. We also showed that inhibition of CHI3L1 by anti-CHI3L1 antibody
significantly reduced the adhesion of chitin-binding protein expressing E. coli to CECs [17].
From these results, CBM in CHI3L1 seems to be important in interacting with intestinal
bacteria and in maintaining chronic inflammation in the colon, but the biological
significance of the CBM in CHI3L1 on CECs remains unknown. To address this issue, we
generated three types of CBM-mutant forms in CHI3L1: a truncated form of the whole
CBM from the 309–381th residues (ΔCBM mutant), one partially deleted from the 325–
381th residues (Δ325 mutant) and one from the 339–381th residues (Δ339 mutant) [Figure
1A]. To determine the cellular localization of the CHI3L1 protein, we examined the
subcellular localization of CHI3L1 protein expression by immunofluorescence confocal
microscopy. Cos-7 cells, which show at least 80% transfection efficiency, were transiently
transfected with pcDNA4His/Max CHI3L1 wild type (WT) expression plasmid [Figure 1B].
The CHI3L1 protein was strongly expressed in the peri-nucleic compartment, which was co-
localized with calnexicin, a specific marker for endoplasmic reticulum [Figure 1B]. In
addition, CHI3L1 was expressed throughout the cytoplasm with occasional expression near
the plasma membrane [Figure 1B]. For the purpose of identifying the protein expression and
subcellular localization patterns of the three CHI3L1-mutants (ΔCBM, Δ325 and Δ339), we
transfected the mutants- and LacZ control-vectors (pcDNA4His/max backbone) to Cos7
cells as well as SW480 cells. As shown in the Figure 1C, ΔCBM and Δ325 showed
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restricted protein expression in the peri-nuclear compartment, which were co-localized with
calnexin, while WT and Δ325-mutant showed peri-nucleic as well as cytoplasmic protein
expressions in COS7 and SW480 cells. The control LacZ protein diffusely expressed in the
cytoplasmic compartment with a minor peri-nuclear association pattern [Figure 1C].

3.2. Chitin-binding motif in CHI3L1 mainly regulates the IL-8 production but not NF-κB
activation in CECs

To investigate the biological function of CBM of CHI3L1 in CECs, we transfected SW480
cells with control vector, and CHI3L1 WT- or ΔCBM-containing pcDNA4 vectors. As
shown in Figure 2A, CHI3L1 WT and ΔCBM vector transfected cells induced a significant
increase of NF-κB activation as compared to non-transfected or control (LacZ) vector
transfected cells. In contrast, IL-8 promoter activation was enhanced in CHI3L1 WT- and
Δ339- but not in ΔCBM- or Δ325- vector transfected cells as compared to controls [Figure
2B]. The IL-8 release in the culture supernatant within 24 hours after stimulating with
purified CHI3L1 (80 ng/ml) and TNFα (25 ng/ml) was analyzed by ELISA. CHI3L1
significantly (p<0.01) enhanced the IL-8 production but was less significant than TNFα
(p<0.005) as compared with non-stimulated SW480 cells [Figure 3A]. In addition, the IL-8
production by CHI3L1 is specifically blocked by the optimal concentration (250 µg/ml) of
polyclonal anti-CHI3L1 Ab, which specifically recognizes CHI3L1 325–339th amino acid
residues [Figure 3B]. In contrast, the same concentration of control rabbit IgG did not alter
the effect of CHI3L1 in IL-8 production [Figure 3C]. To further examine whether IL-8
production is specifically regulated by the 325–339th residues of CBM in CHI3L1, the
release of IL-8 by SW480 cells transfected with CHI3L1 or mutant forms of CHI3L1 was
measured. The amount of IL-8 in the culture supernatant was significantly increased after
transfecting with CHI3L1 WT and Δ339-mutant but was not altered with the transfection of
ΔCBM- or Δ325-mutants [Figure 3C]. Therefore, 325–339th residues of CBM in CHI3L1 is
a critical region in IL-8 promoter activation as well as IL-8 production in CECs. These
results suggest that MAPK families may play a role in activating the IL-8 promoter with
chitin-binding motif of CHI3L1.

3.3. CBM-containing region of CHI3L1 plays a crucial role in AKT Thr308 phosphorylation
mediated IL-8 production but not NF-κB activation in SW480 cells

To further examine the involvement of intracellular signaling cascades in CHI3L1 mediated
IL-8 activation, we performed phosphor-western blot analysis. The result showed that there
is no significant difference between the transfection of the ΔCBM mutant form of CHI3L1
or WT CHI3L1 in phosphorylation of p42/44 MAPK, p38 MAPK, JNK/SAPK, Akt-serine
473 residue [Figure 4A]. In contrast, CHI3L1 WT significantly enhanced the
phosphorylation of Akt Thr 308 compared to control-vector transfected or ΔCBM
transfected SW480 cells [Figure 4A]. The phosphorylation of Akt-threonine 308 residue is
significantly reduced after transiently transfecting with Δ325- or ΔCBM- vector [Figure 4B].
In addition, transfection with Δ339-vector also reduced the level of Akt-thr phosphorylation
as compared to the WT CHI3L1-vector transfected SW480 cells [Figure 4B]. The removal
of large portions of the CHI3L1 protein in three mutants may affect the protein folding and/
or biological effect of this protein. Therefore, we examined whether anti-CHI3L1 antibody,
which specially recognize the 325–339 amino acids in CHI3L1, has an influence on the
phosphorylation of Akt-thr. We confirmed that anti-CHI3L1 Ab treatment efficiently
blocked the Akt-thr phosphorylation to the control level as compared to the same
concentration of rabbit IgG-treated SW480 cells [Figure 4C]. In summary, the CBM of
CHI3L1 plays a pivotal role in enhancing the activation of Akt pathway in CECs after
specifically phosphorylating the Thr 308 residue.
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Discussion
According to the BLAST algorithm, human mammalian chitinases (including acidic
mammalian chitinase and chitotriosidase) and non-enzymatic chitinase-like proteins
(including CHI3L1, CHI3L2, and stabilin-1 interacting chitinase-like protein), which belong
to the glycoside hydrolase 18 family, preserve a relatively high sequential identity with a
conserved structure containing three major and distinct domains: a short signal peptide
sequence, a catalytic domain and a carbohydrate (chitin)-binding domain or motif [23]. The
Chitin-binding motif (CBM) is located at the C-terminal region of human mammalian
chitinases and mediates binding to chitin or chito-oligosaccharide. In general, the C-terminal
region is required for glycohydrolase activity in insoluble- but not soluble-substrates for
mammalian chitinases that have chitinolytic enzymatic activity [6, 20]. CHI3L1 lacks
critical six cysteine residues in the C-terminus, but still preserves a CBM and is able to bind
chitin and chito-oligosaccharides with high affinity [24]. Several other chi-lectins, including
mouse chitinase 3-like 3 (CHI3L3 or Ym 1), a 45 kDa secretory murine protein expressed in
alternatively-activated macrophages, human chitinase 3-like-2 (CHI3L2 or YKL-39), a 39
kDa chitinase with a predominant expression in lymphoid cells, and human oviduction, a 43
kDa protein secreted by oviductal epithelial cells, have sequential similarity in CBM and
have some close biological function to CHI3L1. These chi-lectins possess a range of
biological roles and can interact with restricted carbohydrate ligands including chitin and
chito-oligosaccharides [25–28]. Houston et al have revealed clearly that CHI3L1 binds with
chitin oligomers as a physiologic ligand by tightly interacting with the tryptophan residues
within the C-terminal CBM, and these specific interactions are associated with a significant
conformational change in the CHI3L1 protein [29]. In particular, His209 in CHI3L1 seems
to play a role as a chitin-sensing residue and enhances the initial innate immune responses at
the site of invasion by chitin-containing organisms such as fungi and nematodes. Therefore,
the C-terminal CBM seems to have a critical and unique role in interacting with specific
sugar components in microorganisms. In addition, Ling’s group extensively analyzed
CHI3L1-mediated Akt-pathway activation in human connective-tissue cells in a dose- and
time-dependent manner [30]. In the current study, we have generated three mutant forms of
C-terminal CBM in CHI3L1 to test the biological significance of the CBM of the CHI3L1
molecule, and we proved that CBM in CHI3L1 plays a critical role in enhancing the
activation of the Akt pathway followed by an enhanced production of IL-8 in CECs. It is
well known that the functions of Akt in the cell are diverse, but all result in anti-apoptotic
effects or pro-cell proliferating effects by phosphorylating a variety of downstream targets
including BAD (BCL2 antagonist of cell death), Caspase 9, FKHR (forkhead transcriptional
factor), mTOR (mammalian target of Rapmycin), IKK (I-κB kinase), NF-κB (nuclear factor-
κB) and GSK3 (glycogen synthase kinase-3) [31]. Here we confirmed that CHI3L1-
overexpression on CECs efficiently activated an Akt-signaling pathway. Furthermore, we
also revealed that the C-terminal 72 amino acids, in particular from the 325th through the
339th amino acids, are a necessary and sufficient region for the CHI3L1-mediated Akt-
signal activation in CECs, which is closely associated with exacerbation and chronicity of
IBD.

Our group previously demonstrated that some potentially pathogenic bacteria (e.g., Adherent
Invasive Escherichia coli) are strongly associated with the development of IBD by
interacting with CHI3L1 molecules on CECs [9, 17]. A blocking experiment utilizing anti-
CHI3L1 Ab as well as short interfering RNA (siRNA) clearly demonstrated that potentially
pathogenic bacterial adhesion to CECs is CHI3L1 dependent [9, 17]. In addition, our follow-
up study has shown that CHI3L1 is involved in the enhancement of the chitin-binding
protein expressing bacterial adhesion to CECs [17]. Human and mouse CHI3L1 also have
been identified as proteins expressed during conditions of tissue remodeling [32, 33],
atherogenesis [34], oncogenesis [35], and cell adhesion/migration [36], and an Akt pathway
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activation seems to be associated with some of those CHI3L1-mediated biological functions
such as cell-proliferation and - survival [30].

CHI3L1 has been used as a sensitive biomarker for early detection of inflammatory
disorders including rheumatoid arthritis and IBD [10, 14, 37]. In addition, a high CHI3L1
level in serum was an independent prognostic parameter for short survival of patients with
colorectal cancer, and prostate cancer [16, 38], suggesting that CHI3L1 may be a growth
factor of cancer cells and/or may protect them from undergoing apoptosis [10]. Furthermore,
increased serum levels of CHI3L1 have been reported in patients with several inflammatory
disorders including IBD [14], asthma [39] and rheumatoid arthritis [40], while serum
CHI3L1 is rarely detectable in healthy individuals. Therefore serum CHI3L1 has been used
as a useful prognostic biomarker for IBD in clinical settings [14], and CHI3L1 may play a
pathogenic role during the development of IBD. Another group also demonstrated a
biological significance of CHI3L1 that this molecule is one of the 31 upregulated cDNAs in
Helicobacter felis-infected hypergastrinemic transgenic mice (FVB/N background) as
compared to three different control groups detected by the gene expression profile of
oligonucleotide cDNA microarray analysis [41]. Of note, CHI3L1 increased 90-fold in the
Helicobacter felis-infected hypergastrinemic transgenic mice as compared to uninfected
wild-type FVB/N mice. Helicobacter felis-infected hypegastrinemic transgenic mice had the
highest change among the entire upregulated genes in the study [41]. These results strongly
suggest that CHI3L1 may have a specific affinity with a certain component in some kinds of
pathogenic bacteria. Although chitin is not expressed in bacteria, the majority of chitinase-
producing pathogenic microorganisms contain a gene encoding for the chitin-binding
protein, which potentially interacts with the binding ability between chitinase-producing
bacteria and chitin or chitin-like sugar components on CECs [17, 42]. Therefore, CBM in
CHI3L1 on CECs must be very important region for interacting with the chitinase-producing
bacteria. In addition, in this study, we first demonstrated that the CBM of CHI3L1 is also
associated with the continuous activation of Akt-signaling pathway and the following IL-8
production in CECs. This finding may be useful for future development of therapeutic
strategies to prevent persistent and chronic epithelial cell proliferation and activation during
inflammatory conditions by utilizing anti-CHI3L1 antibody which specifically reacts with
the CBM of CHI3L1. In addition, inhibition of CHI3L1 using anti-CHI3L1 antibody, which
specifically recognize the 325–339th residues of CBM in CHI3L1 [9], may efficiently block
the continuous activation of the phosphorylation of Akt-signaling pathway. In summary, the
specific inhibition of CHI3L1 expression on CECs not only blocks the potentially
pathogenic bacterial adhesion and invasion on/into CECs, but also may inhibit the following
activation of Akt-mediated signaling in CECs and may regulate the chronic inflammation in
colon.

Conclusions
The chitin-binding motif of CHI3L1 is specifically associated with activation of the
threonine residue of Akt in CECs. Downstream, CHI3L1-mediated signaling enhances the
secretion of pro-inflammatory cytokines including IL-8 and TNFα and actively promotes
CEC proliferation in a dose-dependent manner. Constitutive activation of Akt pathway at
CBM of CHI3L1 may be associated with exacerbation and chronicity of IBD as well as
other inflammatory disorders.
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Figure 1.
CHI3L1 membrane association and peri-nucreic accumulation is C-terminal chitin-binding
domain dependent. A: Schema of CHI3L1 and its deletion mutants in the Ce-terminal chitin-
binding motif/domain (CBD). B: COS7 cells were transiently transfected with pCDNA4
HisMax CHI3L1 WT vector, stained with FITC-anti-Xpress antibody (left), Texas Red-
calnexin antibody (center), and both as merged image (right), which were analyzed by
confocal microscope. Bars, 20 µm. C: COS7 and SW480 cells were transfected with
pcDNA HisMax Lacz (control), CHI3L1 WT or CHI3L1 deletion-mutants (ΔCBD, Δ325,
and Δ339), were stained with FITC anti- Xpress and Texas Red-anti-calnexin antibodies,
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and were analyzed by confocal microscope. Magnifications: 240X, objective for COS7 cells,
180×, objective for SW480 cells.
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Figure 2.
Chitin binding motif/domain of CHI3L1 is necessary for promoter activity of IL-8 but not
for NF-κB. SW480 cells were transfected with 0.5 µg/well CHI3L1 expression-, mutants
(ΔCBD, Δ325, and Δ339) or control-vector. NF-kB (A) and IL-8-promoter (B) activities
were determined by using NF-kB- or IL-8 luciferase reporter assay and were normalized
with renilla after 24 hours of transfection. *P<0.05 and **P<0.01 versus non-transfected
cells (−) or comparison between the specified groups.
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Figure 3.
IL-8 secreted in a culture-supernatant of SW480 cells were detected by ELISA after being
stimulated with/without purified CHI3L1 (80 ng/ml) or TNFα (25 ng/ml) (A), pretreated
with/without rabbit anti-CHI3L1 antibody (250 µg/ml; shown as Ab) or normal rabbit IgG
(250 µg/ml; shown as IgG) and transfectec with/without CHI3L1 expression vector (B) or
transfected with PCDNA4 LacZ-, CHI3L1 WT- or CHI3L1-deletion mutants (ΔCBD, Δ325,
and Δ339)-expressing vectors (C).
*P<0.05 and **P<0.01, versus CHI3L1 WT-vector transfected cells (B) or LacZ-vector
transfected cells (C).
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Figure 4.
CHI3L1 Chitin-binding motif/domain enhances the specific phosphorylation of Akt Thr 308
in SW480 cells. (A) Phospho- and total-Erk (MAPKp42/p44), MAPKp38, JNK/SAPK,
AKT Thr 308, and AKT Ser 473 were analyzed by western blot analysis in SW480 cells
which were transiently transfected with/without pcDNA4 LacZ vector (control), CHI3L1
(WT) or ΔCBD-expression vector. Phospho- and total-Akt Thr 308 were detected by
western blot after transfected with pcDNA4 Lacz (control), CHI3L1 (WT) or CHI3L1
deletion-mutants (ΔCBD, Δ325, or Δ339) (B) or transfected with pcDNA4 Lacz (cont)-,
ΔCBD- or CHI3L1 (WT) or expression vector pre-treating with anti-CHI3L1 Ab (250 µg/
ml; shown as WT/Ab) or normal rabbit IgG (250 µg/ml; shown as WT/IgG) (C) in SW480

Chen et al. Page 15

Clin Immunol. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cells. Proteins were isolated 36–48 hours after the transfection with a lysis buffer as detailed
in Materials & Methods.
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Table 1

Sequences of sense and antisense primers for CBD mutants

Mutations Sense primers Anti-sense primers

ΔCBD 5’-CACACCTCTACTGAAGCCAG 5’-CTATACTTCAGCTCCTTTGAGG

Δ325 5’-CACACCTCTACTGAAGCCAG 5’-GTTGCCCTTGGTAGCGAAGG

Δ339 5’-CACACCTCTACTGAAGCCAG 5’-GAACCCAACCTTGTTTTT GA
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