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Abstract
AIM: To investigate the possible role of chitinase 
3-like-1 (CHI3L1) in the progression of colitis-associat-
ed carcinoma (CAC). 

METHODS: Thirty-four Balb/c mice were randomly 
assigned to five groups, including the control, CAC 
control, CAC + caffeine, colitis control and colitis + caf-
feine. Three animals were sacrificed every two weeks 
for blinded macroscopic inspection, histological analysis, 
and total RNA extraction. An immunofluorescent assay 
was performed using specimens from the colitis control 
and colitis + caffeine groups to investigate whether 
the protective effect of caffeine was associated with 
less oxidative DNA damage. In vitro , HT29 cells pre-
stimulated with different concentrations of recombinant 
CHI3L1 protein and H2O2 were loaded with the DCFH-
DA fluorescent probe to determine the effect of CHI3L1 
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on intracellular reactive oxygen species production. 

RESULTS: CHI3L1 mRNA was increased during the 
progression of colon carcinogenesis. Tumors were 
mostly located in the distal end of the colon where the 
expression of CHI3L1 was higher than in the proximal 
colon. Caffeine-treated mice developed fewer tumors 
and milder inflammation than untreated mice. CHI3L1 
protein increased reactive oxygen species in HT29 cells 
when exposed to H2O2. 

CONCLUSION: Caffeine reduces tumor incidence by 
decreasing oxidative DNA damage. CHI3L1 may con-
tribute to CAC by increasing reactive oxygen species 
production.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Increased expression of chitinase 3-like-1 
(CHI3L1) mRNA was found in ulcerative colitis patients 
with dysplasia. It is not known whether CHI3L1 con-
tributes to inflammation-driven carcinogenesis. Our 
study showed increased expression of CHI3L1 during 
the progression of carcinogenesis. Caffeine protected 
against severe inflammation and neoplasms by acting 
as a scavenger of reactive oxygen species (ROS), which 
may be partly attributed to CHI3L1 inhibition. In vitro  
data showed that CHI3L1 increased ROS production 
in colonic epithelial cells under conditions of oxidative 
stress. Our study has made a modest advance in the 
exploration of CHI3L1 in colitis-associated carcinoma. 
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INTRODUCTION
Cancer risk is a lifelong major fear in patients who suffer 
from inflammatory bowel diseases (IBD)[1]. In general, 
the risk of  colorectal cancer (CRC) increases 8 or 10 
years after the establishment of  IBD diagnosis. Depend-
ing on the study and country, the risk of  developing CRC 
in patients with ulcerative colitis (UC) fluctuates between 
0.9-fold and 8.8-fold[2]. Compared with sporadic CRC, 
cancer in IBD is macroscopically heterogeneous and 
tends to be poorly delimited, irregular, and multifocal, 
which results in challenges for gastroenterologists as-
sociated with the detection of  dysplasia by endoscopy[3]. 
Therefore, there is an urgent need to detect neoplastic 
lesions at an early stage. 

The chitinase 3-like-1 (CHI3L1) molecule was dis-
covered 10 years ago and is a biomarker for chronic in-
flammation and some types of  carcinoma including IBD 
and colitis-associated carcinoma (CAC). CHI3L1 does 
not seem to be a specific biomarker for CAC. However, 
the pathogenic effect of  CHI3L1 on IBD has gradually 
been recognized by more and more researchers. Serum 
CHI3L1 is elevated in UC and Crohn’s disease (CD) pa-
tients and increases with increasing disease activity and 
the degree of  stricture formation[4,5]. CHI3L1 mRNA 
level was up-regulated in active UC and the involved 
region in CD compared with inactive UC and the unin-
volved region in CD[6]. Chitin is the most abundant poly-
saccharide in microorganisms. CHI3L1 does not possess 
any catalytic activity, but is able to interact with chitin, 
and contributes to the exacerbation of  acute colitis due 
to enhancement of  bacterial adhesion and invasion of  
colonic epithelial cells through the chitin-binding pro-
tein[7,8]. Furthermore, CHI3L1 induces NF-κB activation 
and subsequent pro-inflammatory cytokine production 
such as TNF-α and IL-8 in colon cell lines (CECs). A 
recent study reported a significant increase in the expres-
sion of  CHI3L1 in non-dysplastic mucosa from patients 
with IBD and remote dysplasia/cancer, compared to pa-
tients with IBD without dysplasia and healthy controls[9]. 
As dysplasia can be multifocal, the proximal CHI3L1-
overexpressed mucosa is likely to have a high risk of  de-
veloping dysplasia/cancer. Combining the evidence that 
CHI3L1 promotes acute inflammation and CAC arises 
in inflammation, we hypothesize that CHI3L1 may be an 
aggressive promoter for initiating and/or accelerating on-
cogenic transformation in chronic inflamed mucosa. 

In the present study, we used the classic Azoxymeth-
ane (AOM)/dextran sulfate sodium (DSS) model to in-
duce tumors in mice. We documented, for the first time, 
increased expression of  CHI3L1 during the progression 
of  carcinogenesis. As the development of  acute colitis 
can be reduced with caffeine treatment due to the down-
regulation of  CHI3L1 expression[10], we evaluated wheth-

er caffeine can protect against chronic inflammation 
flare and reduce carcinogenic events. Because caffeine 
is an anti-oxidation agent and a CHI3L1 inhibitor, and 
oxidative stress is a well-accepted mechanism underlying 
the pathophysiology of  IBD[11,12], we examined whether 
CHI3L1 is related to oxidative damage.

MATERIALS AND METHODS
Ethics
All animal experiments were approved by the Commit-
tee on Animal Experimentation of  Sun Yat-Sen Univer-
sity and performed in compliance with the University’s 
Guidelines for the Care and Use of  Laboratory Animals.

Animal experiments
Forty nine 6-8-wk old male WT Balb/c mice were housed 
under specific pathogen-free conditions at Sun Yat-Sen 
University with free access to food and water during the 
course of  the experiments. The studies contained three 
control groups: animals given saline by intraperitoneal in-
jection and water without DSS (MW 36000-50000 D, MP 
Biomedicals, Santa Ana, CA, United States) which served 
as the control, mice given 3 cycles of  DSS alone which 
served as the colitis control, and mice given DSS fol-
lowed by an injection of  AOM (Sigma-Aldrich, St. Louis, 
MO, United States) which served as the CAC control. 
Caffeine was administered orally in the period between 
DSS cycles in the CAC + caffeine and colitis + caffeine 
groups. These mice had free access to 2.5 mmol/L caf-
feine (Aladdin Reagent, Shanghai, China) dissolved in 
the drinking water. 2.5 mmol/L (approximately 19.419 
mg/kg per mouse and equivalent to 2-3 cups of  coffee) 
was an appropriate concentration according to previous 
in vivo and in vitro studies by Lee et al[10]. The protocol is il-
lustrated in Figure 1. Three animals were sacrificed every 
two weeks for blinded macroscopic inspection, histologi-
cal analysis, and total RNA extraction. 

Hematoxylin/eosin staining and immunohistochemistry
After careful dissection, the colon was divided equally into 
five segments from the proximal to the distal end. A third 
of  each segment was fixed in 10% formalin, dehydrated 
in increasing concentrations of  ethanol and embedded in 
paraffin. The other segments were preserved at -80 ℃ for 
subsequent RNA extraction. Tissue sections (3 μm) were 
stained using hematoxylin/eosin (HE) and examined un-
der the microscope (Olympus BX51 microscope, Tokyo, 
Japan). For immunohistochemistry analysis, tissue sec-
tions were incubated in citrate buffer (0.01 mol/L, pH 6.0) 
at 95 ℃-100 ℃ for 10 min in a water bath for antigen 
retrieval. The sections were allowed to cool to room tem-
perature. The sections were then incubated in 3% H2O2 
for 10 min and in 3% bovine serum albumin for 30 min 
at room temperature followed by overnight incubation at 
4 ℃ with rabbit anti-YKL-40 antibody (1:70, PL Labora-
tories, British Columbia, Canada). The sections were then 
washed with PBS and incubated with peroxidase-marked 
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secondary antibody for 1 h at room temperature. The im-
munoreaction product was detected using 3,3’-diamino-
benzidinetetrahydrochloride (DAB) (ZSGB-Bio, Beijing, 
China) and examined under a microscope.

Real-time quantitative PCR
RNA was isolated using RNAiso Plus reagent (TaKaRa, 
Dalian, China), and RNA (1 mg) was reverse transcribed 
for synthesis of  the first cDNA strand according to the 
manufacturer’s protocol. Real-time quantitative (Q)-
PCR analyses were performed with the SYBR Green 
I Master and the LC480 thermal cycler quantitative 
PCR machine (Roche Diagnostics, Switzerland). Pairs 
of  primers for mouse CHI3L1 (forward: 5’-GTA-
CAAGCTGGTCTGCTACT-3’, reverse: 5’-GTTGGAG-
GCAATCTCGGAAA-3’) and mouse β-actin (forward: 
5’-GTGGGCCGCTCTAGGCACCA-3’, reverse: 5’-CG-
GTTGGCCTTAGGGTTCAGGGG-3’) were used[6].

Immunofluorescent assay for 8-hydroxyguanine
8-hydroxyguanine (8-OHdG), a marker of  oxidative 
damage to RNA and DNA[13], was used to test whether 

reduced abnormal DNA and RNA products in colon 
specimens was one of  the mechanisms involved in the 
protective effect of  caffeine. Briefly, deparaffinized sec-
tions were rehydrated using routine methods. After anti-
gen retrieval and blocking non-specific antigen binding 
sites, the primary antibody was applied (8-OHdG anti-
body, 1:80, Santa Cruz, CA, United States). The mixture 
was then incubated overnight in a moist environment at 
4 ℃. Next, the slides were washed three times with PBS 
for 5 min each wash, and goat-FITC secondary antibody 
was applied (1:100, Santa Cruz, CA, United States) in 
dark conditions. The sections were counter-stained with 
4′,6-diamidino-2-phenylindole (DAPI, 1:20, Beyotime, 
Shanghai, China). The immunoreaction product was de-
tected under the microscope at an excitation wavelength 
of  488 nm and an emission wavelength of  510 nm.

Cell lines and culture
SW480, Caco-2 and HT29 cell lines were obtained from 
the American Type Culture Collection (ATCC, Manassas, 
VA, United States) and cultured in Dulbecco’s modified 
Eagle’s medium (Gibco), supplemented with 10% (v/v) 
fetal calf  serum at 37 ℃ in 5% CO2. HT-29 cells do not 
express CHI3L1 constitutively and were therefore chosen 
for our study (Figure 2).

Cell fluorescence
HT29 cells were cultured to 80% confluence in 6-well 
plates. HT29 cells were stimulated with different con-
centrations of  recombinant human CHI3L1 protein (SB 
Inc. Beijing, China) for 24 h (0, 40, 80 ng/mL) followed 
by 200 μmmol/L H2O2 for 1.5 h. After that, HT29 cells 
were loaded with 10 μmmol/L of  2, 7-dichlorodihy-
drofluoresceindiacetate (DCHF-DA, Sigma-Aldrich, St. 
Louis, MO, United States) for 20 min and washed 3 times 
with PBS to avoid high background fluorescence[14]. Wells 
without stimulation were also loaded with fluorescent 
probe and served as controls. Fluorescence intensity was 

15738 November 14, 2014|Volume 20|Issue 42|WJG|www.wjgnet.com

Saline
injection Water

Control
n  = 8

CAC control
n  = 8

CAC + caffeine
n  = 8

Colitis control
n  = 5

Colitis + caffeine
n  = 5

AOM injection

AOM injection

DSS

DSS Caffeine DSS Caffeine

DSS

DSS

DSS

DSS Caffeine DSS Caffeine

DSS Caffeine

DSS

DSS

DSS Caffeine

80

80

80

80

80

46

46

46

46

52

52

52

52

25

25

25

25

21

21

21

21

-5

-5

-5

-5

-5

0

0

0

0

0

4

4

4

4

Figure 1  Outline of the protocol in the murine model of colitis-associated carcinoma and chronic colitis. AOM (12 mg/kg) plus 3 cycles of DSS (3%) with or 
without caffeine (2.5 mmol/L) was introduced to animals in the CAC group (8 mice/group). Animals in the colitis group were administered 3 cycles of DSS with or with-
out caffeine (5 mice/group). AOM: Azoxymethane; DSS: Dextran sulfate sodium; CAC: Colitis-associated carcinoma.
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Figure 2  HT-29 cells do not express chitinase 3-like-1 constitutively. 
CHI3L1: Chitinase 3-like-1.
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Figure 3  Chitinase 3-like-1 is up-regulated during the progression of carcinogenesis. A: Histological changes after AOM/DSS administration (HE staining, 
objective, 20 ×); B, C: CHI3L1 expression increased during the progression of colon carcinogenesis (B: Immunohistochemistry staining, objective, 40 ×). In Figure 
C, data represent mean ± SD. n = 3 at each time point. aP < 0.05 distal: day 56 vs day 0, 14, 28 and 42; bP < 0.01 distal: day 42 vs day 0, 14, 28; distal vs proximal. 
AOM: Azoxymethane; DSS: Dextran sulfate sodium; CAC: Colitis-associated carcinoma; CHI3L1: Chitinase 3-like-1.
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measured by a LSR Fotessa flow cytometer (BD, NJ, 
United States) at an excitation wavelength of  488 nm and 
an emission wavelength of  510 nm. 

Statistical analysis
Values of  the measured parameters were expressed as 
mean ± SD. Mauchly’s test of  sphericity, student’s t-test or 
Welch’s test was used to detect significant differences be-
tween the groups. A value of  P < 0.05 was considered sta-
tistically significant. All statistical analyses were processed 
using SPSS 19.0 (IBM, Armonk, NY, United States).

RESULTS
Increased CHI3L1 expression during progression of 
colon carcinogenesis
To monitor the histological changes during the time 
course of  carcinogenesis, we sacrificed mice at day 0, 
14, 28, 42, 56, and 80, respectively. Carcinoma in situ ap-
peared at day 42, and advanced during the following days 
(Figure 3A). To confirm the hypothesis that CHI3L1 
is associated with the promotion of  carcinogenesis, we 
determined CHI3L1 protein expression by immunohis-
tochemical analysis in the colons of  AOM/DSS treated 
mice at the indicated time intervals. If  CHI3L1 plays an 
essential role in neoplasia, its colonic expression should 
be altered during the course of  carcinogenesis. As ex-
pected, CHI3L1 was faintly expressed in normal mucosa. 
Following injection of  the carcinogen and subsequent 

DSS intake, CHI3L1 expression was up-regulated in neo-
plastic cells, crypt cells, and in cells infiltrating the lamina 
propria and submucosal regions (Figure 3B). Similarly, 
this pattern was observed at the mRNA level (Figure 3C). 
Furthermore, the inflection point was between days 35 
and 42, which was consistent with the above microscopic 
changes. 

According to a previous report, tumors are usu-
ally located in the middle to distal colon in mice[15]. This 
prompted us to investigate whether there was a difference 
in the level of  CHI3L1 expression between the distal and 
proximal colon. CHI3L1 expression in the proximal co-
lon was lower at day 42 and day 56 than in the distal co-
lon (P < 0.01, Figure 3C), which indicated that the differ-
ence was more obvious after carcinoma in situ appeared.

Therapeutic effect of caffeine on tumor incidence and 
degree of inflammation 
Western blot was performed to confirm the efficacy 
of  caffeine. Compared with the untreated groups, the 
groups treated with caffeine showed decreased CHI3L1 
expression (Figure 4A). Of  note, there were apparent dif-
ferences in the macroscopic and microscopic appearance 
of  the colon in treated and untreated mice in the CAC 
group and colitis group (Figure 4B, C). The tumor inci-
dence rate was 25% in the CAC + caffeine group (2/8) 
compared with 75% in the CAC control group (6/8). The 
specimen from the colitis control group at day 56 showed 
a loss of  crypts of  two-thirds and marked inflammatory 
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Figure 4  Chitinase 3-like-1 inhibition may be one of the underlying mechanisms in the protective effect of caffeine. A: Caffeine suppresses CHI3L1 expres-
sion in both the CAC group and colitis group; B: Macroscopic overview of representative colonic samples from the CAC control group and the CAC + caffeine group; 
C: HE staining of colonic specimens from the colitis control group and caffeine-treated group (objective, 20 ×). CAC: Colitis-associated carcinoma; CHI3L1: Chitinase 
3-like-1.
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cell infiltration. In contrast, the caffeine treated group 
showed relatively mild inflammation. Two mice in the 
colitis control group spontaneously developed carcinoma 
at day 80 (2/5), without AOM acceleration (Figure 4C). 
None of  the mice in the colitis + caffeine group devel-
oped tumors (0/5).

Caffeine treatment decreased oxidative DNA damage
Oxidative DNA damage leads to genetic mutations which 
have been linked to colitis-colorectal cancer transition[16]. 
As caffeine is a well-known antioxidant agent, we won-
dered whether this mechanism could explain the above 
protective effects. To confirm this hypothesis, we com-
pared 8-OHdG expression in the colitis control group 
and the colitis + caffeine group. Mice treated with caffeine 
exhibited attenuated oxidative DNA damage (Figure 5).

CHI3L1 increased intracellular ROS production following 
H2O2 exposure 
Caffeine can inhibit CHI3L1, thus we determined whether 
CHI3L1 influenced intracellular reactive oxygen species 
(ROS) production. As CHI3L1 is a type of  secretory pro-
tein, we added recombinant protein to the cells to mimic 
exocrine secretion[17]. Koutroubakis et al[4] reported that 
mean serum YKL-40 levels were 102.6 ± 82.7 ng/mL in 
UC patients. Therefore, concentrations of  0 ng/mL, 40 
ng/mL and 80 ng/mL were used in this study. H2O2 is 
usually used to initiate oxidative stress conditions in vitro 
and 200 μmol/L is an appropriate concentration to ef-

fectively enhance ROS level and maintain 92.0%-97.9% 
cell viability[18]. An oxidation-sensitive fluorescent probe, 
DCFH-DA, was used to detect intracellular oxidants. The 
results showed that recombinant CHI3L1 protein alone 
did not increase the intracellular level of  ROS. However, 
when exposed to H2O2, HT29 cells supplemented with 
recombinant CHI3L1 protein achieved a higher loading 
concentration of  fluorescence probe. CHI3L1 protein at 
40 and 80 ng/mL significantly increased the level of  ROS 
under oxidative stress conditions (P < 0.05, P < 0.05). 
However, a statistically significant dose-dependent asso-
ciation was not observed (Figure 6A, B).

DISCUSSION
Several classic acute murine models of  UC including both 
gene deficiency (IL-10 knockout, T-cell receptor α-chain 
knockout, B-cell-deficient TCRα double knockout) and 
chemical induction methods (dextran sodium sulfate 
colitis) have shown increased expression of  CHI3L1 
mRNA[6]. However, to date, no inflammation-induced 
carcinogenesis model has been developed to show the 
change in CHI3L1 expression level during the progres-
sion of  malignancy. This study showed that the expres-
sion of  CHI3L1 is specifically induced during the course 
of  colonic inflammation and ultimately carcinoma. Fur-
thermore, expression in the distal colon was higher than 
that in the proximal colon, suggesting that CHI3L1 may 
be responsible for the development of  tumors. Previous 
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research has also correlated poor prognosis in colorectal 
cancer with increased CHI3L1 expression[19]. However, 
increased expression level alone is not enough to support 
the hypothesis that CHI3L1 contributes to inflammation-
induced neoplasia. Therefore, we investigated whether a 
CHI3L1 inhibitor had a protective effect on the colon. 
Tumor number reflects tumor initiation, whereas a dif-
ference in tumor size typically provides evidence of  the 
factors involved in tumor progression[20]. Caffeine-treated 
mice developed fewer and smaller tumors, suggesting that 
caffeine is effective in controlling inflammation-induced 
tumor initiation and tumor progression. 

A previous study described a reduction in acute colitis 
due to caffeine, and correlated this with bacterial interac-

tion[10]. Considering that anti-oxidation is a well-known 
function of  caffeine, we examined the possibility that this 
may be one of  the underlying mechanisms in addition 
to the inhibition of  bacterial translocation. As expected, 
mice not treated with caffeine demonstrated severe 
oxidation-induced DNA damage, as evidenced by signifi-
cant expression of  8-OHdG in colon samples. As caf-
feine is an inhibitor of  CHI3L1, we investigated whether 
CHI3L1 was involved in increased oxidative stress. Vari-
ous concentrations of  CHI3L1 protein alone did not 
increase intracellular ROS in HT29 cells. However, when 
challenged with H2O2, CHI3L1-treated HT29 cells exhib-
ited an enhanced level of  ROS. This effect was obvious 
when 40 ng/mL CH3L1 protein was added. Although 
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a statistically significant concentration-dependent effect 
was not observed, 40 ng/mL and 80 ng/mL CHI3L1 in-
creased the level of  ROS compared to the control group. 
This may be explained by the unstable nature of  ROS, 
as they are very reactive[21-23]. However, the tendency was 
clear. Previous research has shown that a chitin deriva-
tive, chitosan oligosaccharide, can preserve the intestinal 
epithelial barrier integrity through anti-oxidative and 
anti-apoptotic mechanisms, which is consistent with the 
findings in our study[24]. Thus, it can be concluded that 
CHI3L1 makes the colon cell line more susceptible to 
oxidative stress and caffeine is a potent inflammation 
suppressor by decreasing oxidative products which lead 
to tumor initiation. Further in vivo studies should be car-
ried out to determine whether CHI3L1 influences the 
balance between oxidative stress genes and antioxidant 
defense genes. 

Besides chitosan oligosaccharide, chitin microparticles 
have also been reported to ameliorate DSS-induced acute 
colitis by modulating cytokine balance and the micro-
bial environment in the colon[25]. However, it is difficult 
to satisfy the technological requirements for large scale 
preparation of  chitin products of  certain purity, diameter 
and concentration for medical use. Compared with chitin 
particles and chitosan oligosaccharide, relatively low ex-
traction/production costs and good tolerance levels make 
caffeine an ideal option to target chitinase-mediated IBD 
pathogenesis. Other pan-family 18 chitinase inhibitors 
including allosamidin and methylxanthine derivatives (e.g., 
theophylline and pentoxifylline) are also attractive candi-
dates requiring further research[26]. CHI3L1 antibody has 
already been proved to control bacterial adhesion and 
invasion in intestinal mucosa[6]. However, further inves-
tigation is required to determine the possible allergy and 
anti-antibody effect. 

In conclusion, our study as presented has made a 
modest advance in the exploration of  CHI3L1 in colitis-
associated carcinoma. One limitation of  our work is that 
caffeine is not a specific inhibitor of  CHI3L1. The pro-
tective effects cannot solely, but may partly, be attributed 
to CHI3L1 inhibition. CHI3L1 gene deficient mice may 
provide strong support for the tumor promoter role of  
CHI3L1. Together with the finding that caffeine protects 
against severe inflammation and neoplasms by acting as 
a scavenger of  ROS and the in vitro data indicating that 
CHI3L1 is involved in oxidative stress, it can be conclud-
ed that CHI3L1 may participate in inflammation-driven 
carcinogenesis by elevating ROS levels. Further research 
should be conducted to elucidate the unknown mecha-
nisms involved in the induction of  CHI3L1 in CAC and 
the feasibility of  CHI3L1 as a therapeutic target of  in-
flammatory bowel disease.
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