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Chitinase 3-like 1 secreted from cancer-associated
fibroblasts promotes tumor angiogenesis via
interleukin-8 secretion in colorectal cancer
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Abstract. The cancer-stromal interaction has been demon-
strated to promote tumor progression, and cancer-associated
fibroblasts (CAFs), which are the main components of stromal
cells, have attracted attention as novel treatment targets.
Chitinase 3-like 1 (CHI3L1) is a chitinase-like protein, which
affects cell proliferation and angiogenesis. However, the
mechanisms through which cells secrete CHI3L1 and through
which CHI3L1 mediates tumor progression in the cancer
microenvironment are still unclear. Accordingly, the present
study assessed the secretion of CHI3L1 in the microenviron-
ment of colorectal cancer and evaluated how CHI3L1 affects
tumor angiogenesis. CAFs and normal fibroblasts (NFs) estab-
lished from colorectal cancer tissue, and human colon cancer
cell lines were evaluated using immunostaining, cytokine
antibody array, RNA interference, reverse transcription-
quantitative PCR (RT-qPCR), ELISA, western blotting and
angiogenesis assays. The expression and secretion of CHI3L1
in CAFs were stronger than those in NFs and colorectal cancer
cell lines. In addition, interleukin-13 receptor a2 (IL-13Ra2),
a receptor for CHI3L1, was not expressed in colorectal cancer
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cell lines, but was expressed in fibroblasts, particularly CAFs.
Furthermore, the expression and secretion of IL-8 in CAFs
was stronger than that in NFs and cancer cell lines, and recom-
binant CHI3L1 addition increased IL-8 expression in CAFs,
whereas knockdown of CHI3L1 suppressed IL-8 expression.
Furthermore, IL-13Ra2 knockdown suppressed the enhance-
ment of IL-8 expression induced by CHI3L1 treatment in CAFs.
For vascular endothelial growth factor-A (VEGFA), similar
results to IL-8 were observed in an ELISA for comparison of
secretion between CAFs and NFs and for changes in secre-
tion after CHI3L1 treatment in CAFs; however, no significant
differences were observed for changes in expression after
CHI3LI1 treatment or IL-13Ra2 knockdown in CAFs assessed
using RT-qPCR assays. Angiogenesis assays revealed that
tube formation in vascular endothelial cells was suppressed by
conditioned medium from CAFs with the addition of human
CHI3LI neutralizing antibodies compared with control IgG,
and also suppressed by conditioned medium from CAFs
transfected with CHI3L1, IL-8 or VEGFA small interfering
RNA compared with negative control small interfering RNA.
Overall, the present findings indicated that CHI3L1 secreted
from CAFs acted on CAFs to increase the secretion of IL-8,
thereby affecting tumor angiogenesis in colorectal cancer.

Introduction

Cancer tissue develops through the proliferation, migration,
invasion and angiogenesis of cancer cells (1,2). However, the
interactions between cancer cells and the surrounding stromal
cells (cancer-stromal interaction) have also been demonstrated
to promote the progression of cancer (1,2). Furthermore, cancer-
associated fibroblasts (CAFs), which are the main components
of stromal cells, are attracting attention as novel targets for anti-
cancer treatment (3-5). CAFs, which are different from normal
fibroblasts (NFs), are activated fibroblasts observed in the
cancer stroma and have the characteristics of myofibroblasts,
including expression of a-smooth muscle actin (a-SMA) (6).
CAFs can be isolated from various types of cancer, such as
colorectal cancer, gastric cancer, pancreatic cancer, prostate
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cancer, breast cancer and lung cancer (7-12). However, to the
best of our knowledge, the mechanisms of CAF development
have not been clarified, and several types of cells have been
reported as the origin of CAFs (4). For example, conversion
from NFs (13), cancer cells that have undergone the epithelial-
mesenchymal transition (14,15), endothelial cells that have
undergone the endothelial-mesenchymal transition (16), bone
marrow-derived mesenchymal stem cells (17,18) and adipose
tissue-derived stem cells (19) are considered to be potential
origins of CAFs. However, the specific origins of CAFs have
not yet been clarified.

CAFs have been reported to affect tumor progression,
including proliferation, migration, invasion and angiogen-
esis (3,5,7,14,20,21). Some of them have been demonstrated
to be mediated in part by the secretion of cell adhesion
molecules, growth factors and cytokines, such as IL-6 and
vascular endothelial growth factor-A (VEGFA) for angio-
genesis (7), basic fibroblast growth factor (bFGF) for
proliferation (12), and monocyte chemoattractant protein-1
(MCP-1) for migration (20). In addition, some reports have
revealed that CAFs are involved in drug resistance acquisi-
tion and cancer apoptosis (9,22-24). Therefore, although these
reports (3,5,7,9,14,20-24) suggested that CAFs are involved in
tumor progression through multiple mechanisms, the details of
these mechanisms have not yet been elucidated.

Chitinase 3-like 1 (CHI3L1), a 40 kDa secreted glycopro-
tein also known as YKL-40 (25,26), was originally considered
to be associated with inflammatory diseases, such as asthma,
liver fibrosis and arthritis (27-29). A number of reports have
described the involvement of CHI3L1 in cancer (11,30-35). For
example, serum CHI3LI levels are associated with prognosis in
patients with colorectal cancer (30), and upregulation of CHI3L1
expression in tumors promotes tumor angiogenesis, prolif-
eration, migration, invasion and radiation resistance (31-33).
Furthermore, CHI3L1 has been reported to be associated
with tumor-associated macrophages (11,33,34). However,
the mechanisms of CHI3L1 production and the mechanisms
through which CHI3L1 induces tumor progression have not
been clarified. Although two reports have described the asso-
ciation of CHI3L1 and CAFs, the mechanisms were found to
involve immune cells or exosomes rather than cytokine secre-
tion (11,35).

Therefore, the present study evaluated the interactions
between CAFs and colorectal cancer cells mediated by
CHI3L1 and cytokine secretion. The present findings clarified
that CHI3L1, which was mainly secreted from CAFs, acted on
CAFs themselves to increase the secretion of IL-8, which may
promote tumor angiogenesis in colorectal cancer. To the best
of our knowledge, this is the first report of the roles of CAFs in
angiogenesis promoted by CHI3LI1 in the microenvironment
of colorectal cancer.

Materials and methods

Cell lines. The HT-29, HCT116 and DLD-1 human colorectal
cancer cell lines and the EA .hy926 human umbilical vein endo-
thelial cell line were purchased from American Type Culture
Collection. These cancer cell lines have been authenticated
(no. KBNOS8I11) using short tandem repeat DNA analysis by
the Japanese Collection of Research Bioresources Cell Bank.

HT-29, HCT116 and EA.hy926 cells were cultured in DMEM
(Sigma-Aldrich; Merck KGaA) supplemented with 10% FBS
(Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin-
streptomycin solution (Gibco; Thermo Fisher Scientific, Inc.).
DLD-1 cells were cultured in RPMI-1640 medium (Sigma-
Aldrich; Merck KGaA) supplemented with 10% FBS and 1%
penicillin-streptomycin solution. All cells were incubated
at 37°C in an atmosphere containing 5% CO,.

Isolation and culture of human colon fibroblasts. Human
colon fibroblasts used in present study were established from
a specimen resected from a 70-year-old Japanese man with
advanced well-differentiated colon adenocarcinoma at the
Department of Gastroenterological Surgery, Nagoya City
University (Nagoya, Japan) in April 2020. In the selection
of the case, adenocarcinoma (grade of differentiation not
considered) was used as an inclusion criterion, and small
tumor for which the stromal components around the cancer
could not be sufficiently sampled and perforation from which
cancer and stool contamination could be detected were used
as exclusion criteria. The technical procedure was the same
as that described in a previous report (7). After obtaining
written informed consent, tissues were retrieved from two
separate areas: Near-cancerous tissue and normal colon tissue
(10 cm from the cancer tissue). To avoid cancer and stool
contamination, the tissues were collected from the serosal side
with care to not penetrate the mucosa and to not cut into the
cancer tissue. The tissue was fragmented with scissors into
cubes measuring ~2 mm? and then incubated at 37°C for 2 h
in DMEM containing 1,000 PU/ml Dispase (Godo Shusei
Co., Ltd.). The fragments were cultured in DMEM containing
5% FBS and 1% penicillin-streptomycin solution and incu-
bated at 37°C in an atmosphere containing 5% CO,. These
fibroblasts were used at passages 4-7.

Agents. Recombinant human CHI3L1 (cat. no. 2599-CH),
recombinant human IL-8 (cat. no. 208-1L) and recombinant
human VEGFA (cat. no. 293-VE) were purchased from R&D
Systems, Inc., and reconstituted with PBS to a concentration of
100 pg/ml and stored at -20°C. In the experiments, the recom-
binant CHI3L1, IL-8 and VEGFA were diluted in DMEM
or RPMI-1640 medium as appropriate for each cell line to
a final concentration of 100, 100 and 50 ng/ml, respectively,
according to previous reports (11,31-33,36-39). Human CHI3L1
neutralizing antibody (mAY; mouse monoclonal antibody;
cat.no. MABC196) was purchased from Sigma-Aldrich; Merck
KGaA, and IgG control (cat. no. MABO002) was purchased
from R&D Systems, Inc. Both were reconstituted with PBS to
concentrations of 1 and 0.5 mg/ml, respectively, and stored at
-20°C. For experiments, mAY and IgG control were diluted in
medium and used at a concentration of 10 pg/ml. The duration
of action of the assays was based on previous reports (7,11).

Immunostaining and immunofluorescence staining. The
primary antibodies against vimentin (V9; cat. no. ab8069;
Abcam), cytokeratin (AE1/AE3; cat. no. ab27988; Abcam),
CD90 (5E10; cat. no. 555593; BD Biosciences), a-SMA
(1A4; cat. no. ab7817; Abcam) and CHI3L1 (cat. no. ab77528;
Abcam) were used for immunostaining and immunofluores-
cence staining.
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Immunohistochemistry was performed as previously
described (40). The resected specimen was fixed with
10% formalin for 2 days at room temperature. Formalin-fixed,
paraffin-embedded and 4-um-thick sections were deparaf-
finized with xylene and hydrated with ethanol at 100% twice,
90, 80 and 70% for 5 min each. After washing with running
water, samples were soaked in 10 mM citric acid buffer and
boiled using a microwave for 10 min at 100°C. Subsequently,
the slides were soaked in 100% methanol and 0.3% hydrogen
peroxide mixed solution for 30 min to block endogenous
peroxidase activity, and blocked with 4% Block Ace Powder
(cat. no. UKB80; DS Pharma Biomedical Co., Ltd.) for 10 min
in a humidity box at room temperature. Afterwards, slides
were stained with the primary antibodies [anti-vimentin (dilu-
tion, 1:1,000), anti-cytokeratin (dilution, 1:100), anti-a-SMA
(dilution, 1:500) and anti-CHI3L1 (dilution, 1:500)] overnight
at 4°C. Subsequently, the sections were incubated with undi-
luted anti-mouse/rabbit EnVision+/HRP-labeled polymer
(cat. no. K4001/K4003; Dako; Agilent Technologies, Inc.),
as the secondary antibody, for 45 min at room temperature.
The tissues were stained with 3,3'-diaminobendizine substrate
(cat. no. K3467; Dako; Agilent Technologies, Inc.) for 10 min
at room temperature and counterstained with hematoxylin for
30 sec at room temperature. The slides were observed and
analyzed using the BZ-X710 fluorescence microscope and
BZ-X Analyzer software version 1.4.0.1 (both from Keyence
Corporation) at a magnification of x200.

Immunostaining and immunofluorescence staining of
cultured cells were performed as previously described (7). For
immunostaining, cells grown in chamber slides were fixed with
4% paraformaldehyde buffer for 20 min at room temperature,
treated with 0.1% Triton X for 3 min and blocked with 3% BSA
(FUJIFILM Wako Pure Chemical Corporation)/PBS for 1 h at
room temperature. Then, the primary antibodies [anti-vimentin
(dilution, 1:80), anti-cytokeratin (dilution, 1:80), anti-CD90
(dilution, 1:100)] were applied for 1 h at room temperature.
Subsequently, anti-mouse EnVision+/HRP-labeled polymer
was applied undiluted as the secondary antibody for 1 h at
room temperature. The cells were stained with anti-mouse
3,3'-diaminobendizine substrate (Dako; Agilent Technologies,
Inc.) for 15 min at room temperature and counterstained
with hematoxylin for 30 sec at room temperature. The slides
were observed and analyzed using the BZ-X710 fluorescence
microscope and BZ-X Analyzer software version 1.4.0.1 at a
magnification of x40.

For immunofluorescence staining, cells grown in chamber
slides were fixed with 4% paraformaldehyde buffer for 20 min
at room temperature, treated with 0.1% TritonX for 3 min and
blocked with 3% BSA/PBS for 1 h at room temperature. Then,
anti-a-SMA mouse monoclonal antibody (dilution, 1:150) was
applied as the primary antibody for 2 h at room temperature.
Subsequently, goat anti-mouse IgG H&L (Alexa Fluor 488;
dilution, 1:200; cat. no. ab150113; Abcam) was applied as the
secondary antibody for 30 min at room temperature. After
washing with PBS, samples were mounted with ProLong
Gold Antifade Reagent with 4',6-diamidino-2-phenylindole
(Invitrogen; Thermo Fisher Scientific, Inc.). The slides were
observed and analyzed using the BZ-X710 fluorescence
microscope and BZ-X Analyzer software version 1.4.0.1 at a
magnification of x200.

Cytokine antibody array. Fibroblasts were seeded in 6-well
plates with DMEM containing 2% FBS (5x10* cells/well). After
overnight incubation, the medium was exchanged (3 ml/well).
After 24 h, the culture supernatants were collected and centri-
fuged at 400 x g for 5 min at 4°C to remove particulates, and
500 pl of the supernatant was used for each array. A Proteome
Profiler Human XL Cytokine Array kit (cat. no. ARY022B;
R&D Systems, Inc.) was used according to the manufacturer's
protocol. Images were captured using an LAS-3000 instru-
ment (FUJIFILM Corporation) with each signal normalized
to the positive controls.

RNA interference. CHI3L1 small interfering RNA (siRNA)
(s3000), interleukin-13 receptor a2 (IL-13Ra2) siRNA
(s7376), VEGFA siRNA (s462) and non-targeting nega-
tive control siRNA (Silencer Select Negative Control No.
1; cat. no. 4390843) were pre-designed siRNAs purchased
from Invitrogen; Thermo Fisher Scientific, Inc. IL-8
siRNA (cat. no. sc-39631) was also pre-designed siRNA
purchased from Santa Cruz Biotechnology, Inc. CAFs were
seeded at 1x10° cells/well in 6-well plates for RT-qPCR,
2.5x10* cells/well in 24-well plates for ELISA and the angio-
genesis assay, and ~80% confluent in 10-cm dishes for western
blotting the day before siRNA transfection. According to
the manufacturer's instructions, siRNAs and Lipofectamine
RNAiIMAX (Invitrogen; Thermo Fisher Scientific, Inc.) were
mixed with Opti-MEM (Invitrogen; Thermo Fisher Scientific,
Inc.) and incubated for 5 min at room temperature. The
siRNA-lipid complex was diluted into DMEM to achieve a
final siRNA concentration of 10 nM. Cells were incubated
for 24 h in a 5% CO, incubator at 37°C. For RT-qPCR and
western blotting, cell pellets were collected immediately after
24-h transfection. For ELISA and the angiogenesis assay, the
medium was exchanged (1 ml/well) after 24 h of transfec-
tion, and after an additional 48 h, culture supernatants were
collected.

Reverse transcription-quantitative PCR (RT-qPCR).
Fibroblasts and colorectal cancer cell lines (HT-29, HCT116
and DLD-1) were seeded in 6-well plates with DMEM
or RPMI-1640 medium as appropriate for each cell line
containing 5% FBS (1x10° cells/well). After overnight
incubation, the medium was exchanged and the cells were
exposed to the medium with or without 100 ng/ml CHI3L1.
After 24 h, cell pellets were harvested, and total RNA was
extracted from each sample using a QIAcube and RNeasy Plus
Mini Kit (Qiagen GmbH) according to the manufacturer's
protocol. The RNA was reverse transcribed using SuperScript
IIT First-Strand Synthesis SuperMix (Invitrogen; Thermo
Fisher Scientific, Inc.) and a T100 Thermal Cycler (Bio-Rad
Laboratories, Inc.). The temperature protocol of reverse tran-
scription was as follows: 25°C for 10 min, 50°C for 30 min and
85°C for 5 min. RT-qPCR was performed using TagMan Gene
Expression Assays (cat. no. 4331182; Applied Biosystems;
Thermo Fisher Scientific, Inc.) and pre-designed primers for
CHI3L1 (Hs01072228_m1), IL-13Ra2 (Hs00152924_m1),
IL-8 (Hs00174103_ml), VEGFA (Hs00900055_m1) and
MCP-1 (Hs00234140_m1) using the CFX Connect Real-Time
System (Bio-Rad Laboratories, Inc.). The thermocycling condi-
tions were as follows: Initial denaturation at 95°C for 20 sec,
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followed by 60 cycles at 95°C for 1 sec and 60°C for 20 sec.
GAPDH (Hs99999905_m1) was used as a loading control to
normalize mRNA levels and each sample was quantified using
the standard curve method (41).

ELISA. Fibroblasts and colorectal cancer cell lines (HT-29,
HCT116 and DLD-1) were seeded in 24-well plates with
DMEM or RPMI-1640 medium as appropriate for each cell
line containing 5% FBS (2.5x10* cells/well). After overnight
incubation, the medium was exchanged (1 ml/well), and the
cells were exposed to the medium with or without 100 ng/ml
CHI3LI. After 48 h, culture supernatants were collected and
centrifuged at 400 x g for 5 min at 4°C to remove particulates.
For siRNA transfection, the medium was exchanged after 24 h
of transfection, and culture supernatants were collected after
an additional 48 h. Assays were performed using the Human
Chitinase 3-like 1 Quantikine ELISA Kit (cat. no. DC3L10;
R&D Systems, Inc.), Human IL-8-CXCLS8 Quantikine ELISA
Kit (cat. no. D8000C; R&D Systems, Inc.) and Human VEGF
Quantikine ELISA Kit (cat. no. DVE0O; R&D Systems, Inc.),
and the concentration of each protein was measured using
a SpectraMax ABS microplate reader (Molecular Devices,
LLC) according to the manufacturer's protocol.

Western blotting. The primary antibodies used for western
blotting were as follows: Anti-CHI3L1 (dilution, 1:1,000;
cat. no. ab77528; Abcam), anti-IL-13Ra2 (dilution, 1:1,000;
EPR22978-163; cat. no. ab260044; Abcam), and anti-
GAPDH (dilution, 1:2,000; cat. no. SC-47724; Santa Cruz
Biotechnology, Inc.). GAPDH was used as a loading control
to normalize protein levels. The secondary antibodies were
polyclonal goat anti-rabbit immunoglobulins HRP-conjugated
(dilution, 1:2,000; cat. no. P0448; Dako; Agilent Technologies,
Inc.) and polyclonal goat anti-mouse immunoglobulins
HRP-conjugated (dilution, 1:2,000; cat. no. P0447; Dako;
Agilent Technologies, Inc.).

Fibroblasts and colorectal cancer cell lines (HT-29,
HCT116 and DLD-1) were seeded at 2x10° cells in 10-cm
dishes with DMEM or RPMI-1640 medium as appropriate
for each cell line containing 5% FBS and incubated in a
CO, incubator at 37°C until cell growth was semi-confluent.
Proteins from cell pellets were collected using radioimmu-
noprecipitation lysis buffer with Protease Inhibitor Single
Use Cocktail and Phosphatase Inhibitor Cocktail (all from
Thermo Fisher Scientific, Inc.) as previously described (40),
and the concentrations of total protein from each sample
were measured using a Pierce BCA protein assay kit (Thermo
Fisher Scientific, Inc.). Proteins were suspended in SDS sample
buffer (90 mM Tris-HCL, 9% glycerol, 3% SDS, 150 mM
DTT, 0.003% bromophenol blue, distilled water) and boiled
at 90°C for 5 min for denaturation. Proteins (20 ug/lane) were
then separated using SDS-PAGE with 10% Mini-PROTEAN
TGX Precast Gels (Bio-Rad Laboratories, Inc.) and trans-
ferred onto nitrocellulose membranes (Bio-Rad Laboratories,
Inc.). The protein bands on the membrane were blocked with
iBind Flex Solution (iBind Flex 5X Buffer, 100X Additive and
distilled water; Invitrogen; Thermo Fisher Scientific, Inc.) at
room temperature for 10 min. The primary and secondary
antibody reactions were then performed using the iBind Flex
Western Device (Invitrogen; Thermo Fisher Scientific, Inc.)

for 2.5 h at room temperature according to the manufacturer's
protocol. Protein-antibody complex bands were visible on an
Amersham Imager 600 (GE Healthcare) using SuperSignal
West ECL/Pico/Femto chemiluminescent substrate (Thermo
Fisher Scientific, Inc.). The results were semi-quantified by
densitometry analysis using ImageJ software version 1.53
(National Institutes of Health).

Angiogenesis assay. To evaluate the direct effects of CHI3L1,
IL-8 and VEGFA on vascular endothelial cells, serum-free
DMEM containing recombinant CHI3L1, IL-8 or VEGFA
was used. The control medium for the addition of recombinant
CHI3L1, IL-8 or VEGFA was serum-free DMEM. In addi-
tion, to confirm whether secreted CHI3L1 protein produced
by CAFs affected angiogenesis, culture supernatants of each
cell (NFs, CAFs and HT-29) were used. The control medium
for the culture supernatant was DMEM containing 5% FBS.
Culture supernatants were collected as follows: NFs, CAFs
and HT-29 were seeded in 24-well plates with medium
containing 5% FBS (2.5x10* cells/well). After overnight incu-
bation, the medium was exchanged (1 ml/well), and the cells
were exposed to the medium with or without mAY or control
IgG. After 48 h, culture supernatants were collected and
centrifuged at 400 x g for 5 min at 4°C to remove particulates.
In the case of transfection in CAFs, after overnight incubation,
and 24-h transfection with negative control, CHI3L1, IL-8 or
VEGFA siRNA, the medium was exchanged (1 ml/well). After
an additional 48 h, culture supernatants were collected.

Matrigel Matrix (cat. no. 354230; Corning, Inc.) was added
to 96-well plates (50 ul/well) at 4°C. The plates were incubated
at 37°C for 30 min to solidify the Matrigel. EA.hy926 cells
were trypsinized, counted, resuspended in each medium
under the various aforementioned conditions and seeded into
Matrigel-coated plates (1x10* cells/well). After 16 h of incuba-
tion at 37°C, the plates were observed at a magnification of x40
using the BZ-X710 fluorescence microscope, and the number
of endotubes was counted in four fields for each condition.

Cell proliferation assay. Colorectal cancer cell lines (HT-29,
HCT116 and DLD-1) were seeded in 96-well plates with
DMEM or RPMI-1640 medium as appropriate for each cell line
containing 5% FBS (1x10* cells/well). After overnight incuba-
tion, the medium was exchanged and the cells were exposed
to the medium with various concentrations (0-1,000 ng/ml) of
CHI3LI1 and incubated at 37°C. After 0, 24 and 48 h, medium
was exchanged with fresh medium containing premix
4-[3-(4-Iodophenyl)-2-(4-nitro-phenyl)-2H-5-tetrazolio]-
1,3-benzene sulfonate (WST-1) using a Premix WST-1 Cell
Proliferation Assay System (Takara Bio, Inc.) and incubated
for 2 h at 37°C in the shade. The absorbance was measured
at 450 nm using a SpectraMax ABS microplate reader
(Molecular Devices, LLC) according to the manufacturer's
protocol. The absorbance at each timepoint was compared with
the absorbance at O h as a standard value for each cancer cell
line. Cells without CHI3L1 treatment were used as controls.

Wound healing assay. Colorectal cancer cell lines (HT-29,
HCT116 and DLD-1) were cultured in 24-well plates with
DMEM or RPMI-1640 medium as appropriate for each cell line
containing 10% FBS until confluency. After the wounds were
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Figure 1. Localization of fibroblasts in cancer tissues and isolated fibroblasts. (A) In cancer tissue from a patient, immunohistochemical staining of vimentin
was positive in the stroma (indicated by S) and negative in cancer cells (indicated by C). On the other hand, immunohistochemical staining of cytokeratin
was negative in the stroma and positive in cancer cells (magnification, x200). (B) All cultivated cells from the same patient were positive for vimentin and
CD90 and negative for cytokeratin (magnification, x40). (C) In cancer tissue from the same patient, the stroma (indicated by S) was positive and cancer cells
(indicated by C) were negative for o-SMA immunohistochemical staining (magnification, x200). (D) Fibroblasts from near-cancerous tissues of the same
patient (CAFs) were positive for a-SMA and fibroblasts from normal tissues of the same patient (NFs) were weakly positive for a-SMA (magnification, x200).
a-SMA, a-smooth muscle actin; CAFs, cancer-associated fibroblasts; NFs, normal fibroblasts.

generated by carefully scratching the cells with 200-ul pipette
tips, the medium was exchanged with fresh medium containing
2% FBS and the cells were exposed to the medium with or
without 100 ng/ml CHI3LI at 37°C. After O and 24 h, the plates
were observed at a magnification of x40 using the BZ-X710
fluorescence microscope. The widths of wounds were measured
using the BZ-X Analyzer software version 1.4.0.1 and compared
with that at O h as a standard value for each cancer cell line.
Cells without CHI3L1 treatment were used as controls.

Statistical analysis. Statistical analysis was performed using
EZR software (Easy R) version 1.41 (Jichi Medical University
Saitama Medical Center, Saitama, Japan). Data are presented
as the mean and standard error. Statistical significance was
evaluated with unpaired Student's t-tests or one-way ANOVA
followed by Tukey's test. All experiments were repeated at
least three times. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Characterization of isolated and cultured CAFs and NFs.
Immunohistochemical analysis of colon adenocarcinoma
tissue demonstrated that cancer cells were negative for
vimentin, which is a mesenchymal cell marker, and positive
for cytokeratin, which is an epithelial cell marker (5,17,18,42).
On the other hand, stromal cells were positive for vimentin
and negative for cytokeratin (Fig. 1A). Furthermore, to
confirm that the isolated and cultured cells were fibroblasts,
immunostaining for vimentin, CD90 and cytokeratin was

performed (5,17,18,42,43). Both cells from near-cancerous
colon tissues (CAFs) and those from normal colon tissues
(NFs) were positive for vimentin and CD90 and negative for
cytokeratin, indicating that all of these cells were fibroblasts
(Fig. 1B). In addition, to confirm the myofibroblast character-
istics of CAFs, which express a-SMA, immunohistochemical
and cell immunofluorescence staining of a-SMA was also
performed (6). In the immunohistochemical analysis, stromal
cells were positive for a-SMA and cancer cells were negative
for a-SMA (Fig. 1C). Immunofluorescence staining indicated
that all fibroblasts were positive for a-SMA; however, a-SMA
expression was stronger in fibroblasts from near-cancerous
tissues (CAFs) and weaker in fibroblasts from normal tissues
(NFs) (Fig. 1D). Therefore, fibroblasts isolated from near-
cancerous tissues were referred to as CAFs, and fibroblasts
isolated from normal tissues were referred to as NFs.

Secretion of CHI3LI from CAFs, NFs and cancer cell lines.
First, analysis of cytokines secreted from each cell line using
a cytokine array of cell culture supernatants demonstrated that
CAFs secreted more CHI3L1 and IL-8 than NFs (Fig. 2A).
Subsequently, to investigate the origin of CHI3L1 in the cancer
microenvironment,immunohistochemistry, RT-qPCR, western
blotting and ELISA were performed to evaluate CHI3L1
expression in, and secretion from, fibroblasts and cancer cells
or three colorectal cancer cell lines. Immunohistochemistry
demonstrated that CHI3L1 was weakly expressed in cancer
cells and strongly expressed in portions of the stroma
(Fig. 2B). RT-qPCR revealed that CHI3LI mRNA expression
was >4 times higher in CAFs than in NFs but was less than



6 WATANABE et al: CHITINASE 3-LIKE 1 FROM CAFs PROMOTES TUMOR ANGIOGENESIS

A B CHIBL1 C % CHIBLT mRNA
p v TSR T w67 !
NFs CAFs 3 'g}_"“.-.“ hBen oL 5
‘ :-. Cr .4\"‘-‘_‘.\ .n': 3 .
"' 0’" -+ ".'Qﬁs'é"“-,,.’ <6 4
'Y e We bt ;i:‘i";‘.;:'-':m_ ~ 7 %as 3
PP L L Eg
E| SEmeas Yy 2 g 2
Fatars, . O b 83 4
O SpEReRy  of
; -~ | 0-
A e d?i NFs CAFs HT-29 HCT116 DLD-1
D E CHI3L1 secretion
NFs CAFs HT-29 HCT116 DLD-1 . 2000 i
[=2] T
CHI3L1 — B, 53 60
82 1200
" GAPDH sl s S v———
e . 8o 800
B CHBLY 1 439 011 003 087 SE
> GAPDH ©E 400
S o

NFs CAFs HT-29 HCT116 DLD-1

Figure 2. Expression and secretion of CHI3L1 in fibroblasts and colorectal cancer cells. (A) A cytokine array of the cell culture supernatant revealed that
CAFs secreted more CHI3L1 and IL-8 than NFs. The rectangles and circles represent CHI3L1 and IL-8, respectively. The two spots in three of the corners
(arrowheads) are positive controls. (B) Immunohistochemical staining demonstrated that in cancer tissues, CHI3L1 was localized mainly in the stroma
(indicated by S), with no obvious expression in cancer cells (indicated by C; magnification, x200). (C) Reverse transcription-quantitative PCR revealed that
CHI3L1 mRNA expression in CAFs was higher than that in NFs and three cancer cell lines. (D) Western blotting also demonstrated that CAFs produced more
CHI3L1 than NFs and cancer cells. (E) ELISA of the cell culture supernatants revealed that CAFs secreted more CHI3L1 than NFs and cancer cells. Data
are presented as the mean = SEM. “P<0.01. The relative mRNA expression levels of CHI3LI were normalized to GAPDH expression in each sample. CAFs,
cancer-associated fibroblasts; CHI3L1, chitinase 3-like 1; NFs, normal fibroblasts.

IL-13Rt2 mRNA

>

127
10 1
8 -
6

4.

Relative mRNA levels
fold-change vs. NFs

2_

0

NFs  CAFs . HT-29 .HCT116' DLDA1 '

NFs CAFs HT29 HCTi16 DLD-1
IL-13Ra2 -

GAPCH _““_-
IL-13R:2/ 1 11.46  0.02 0.01 0.03

GAPDH

Figure 3. Expression levels of IL-13a2 (a receptor for chitinase 3-like 1) in fibroblasts and colorectal cancer cells. (A) Reverse transcription-quantitative
PCR revealed that both CAFs and NFs expressed /L-13Ra2, whereas cancer cell lines expressed little /L-13Ra2. (B) Western blotting also demonstrated that
CAFs expressed higher levels of IL-13a2 than NFs and cancer cells. Data are presented as the mean + SEM. “P<0.01. The relative mRNA expression levels
of IL-13a2 were normalized to GAPDH expression in each sample. CAFs, cancer-associated fibroblasts; IL-13Ra2, interleukin-13 receptor a2; NFs, normal
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half of that in CAFs in DLD-1 cells; HT-29 and HCT116 cells
rarely expressed CHI3L1 (Fig. 2C). Furthermore, western
blotting of CHI3L1 demonstrated that CAFs expressed higher
levels of CHI3L1 compared with NFs and colorectal cancer
cell lines (Fig. 2D). ELISA using the culture supernatants
yielded similar results to those of RT-qPCR and western blot-
ting. CAFs secreted higher levels of CHI3L1, whereas NFs and
DLD-1 cells secreted lower levels of CHI3L1, and HT-29 and
HCT116 cells secreted little CHI3L1 (Fig. 2E). These results
indicated that CAFs were the main origin of CHI3L1 secretion
in the colorectal cancer microenvironment.

CAFs express the CHI3LI receptor IL-13Ra2. A number
of CHI3LI receptors have not yet been identified; however,
IL-13Ra2 has previously been reported as a CHI3L1

receptor (44-47). Therefore, RT-qPCR and western blotting
were performed to evaluate IL-13Ra2 expression in fibroblasts
and colorectal cancer cell lines. RT-qPCR demonstrated that
both CAFs and NFs expressed IL-13Ra2. In particular, expres-
sion in CAFs was 10 times higher than that in NFs, whereas
expression was rarely observed in the three cancer cell lines
(Fig. 3A). The results of western blotting were similar to those
of RT-qPCR (Fig. 3B).

Effects of CHI3LI on IL-8 and VEGFA levels in CAFs. 1L-8
and VEGFA are angiogenic factors and itis possible that CHI3L1
is involved in their expression and secretion (31,33,38,39).
Therefore, RT-qPCR and ELISA were conducted to evaluate
the effect of CHI3L1 on IL-8 and VEGFA levels. First, the
effect of various concentrations of CHI3L1 (1-1,000 ng/ml)
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Figure 4. Changes in IL-8 and VEGFA following the addition of 100 ng/ml CHI3L1. (A) RT-qPCR indicated that IL-8 mRNA expression was higher in CAFs
than in NFs and cancer cells and that 24-h treatment with 100 ng/ml CHI3L1 increased IL-8 expression in CAFs. (B) ELISA of the cell culture supernatants
revealed that CAFs secreted more CHI3LI than NFs and cancer cells, and that 48-h treatment with 100 ng/ml CHI3L1 further increased IL-8 secretion from
CAFs. (C) RT-qPCR demonstrated that VEGFA mRNA expression was slightly stronger in CAFs than in NFs, although the difference was not significant.
Treatment of CAFs with CHI3L1 did not affect VEGFA expression. (D) In contrast to RT-qPCR, ELISA of the cell culture supernatants demonstrated
significant differences in VEGFA secretion between untreated CAFs and CAFs treated with 100 ng/ml CHI3L1; however, VEGFA secretion from CAFs was
not particularly high compared with that from cancer cell lines. (E) RT-qPCR revealed no significant changes in /L-8 mRNA expression in the three cancer
cell lines, between groups treated with and without 100 ng/ml CHI3L1. (F) RT-qPCR revealed no significant changes in VEGFA mRNA expression in the
three cancer cells, between groups treated with and without 100 ng/ml CHI3L1. (G) RT-qPCR demonstrated that /L-/3Ra2 expression in CAFs was suppressed
after transfection with IL-13Ra2 siRNA. (H) RT-qPCR indicated that IL-13Ra2 knockdown suppressed the enhanced /L-8 mRNA expression induced by
CHI3L1 treatment in CAFs. (I) RT-qPCR revealed that IL-13Ra2 knockdown and the addition of CHI3L1 did not change VEGFA mRNA expression in CAFs.
Data are presented as the mean + SEM. "P<0.05, “P<0.01. The relative mRNA expression levels of IL-8, VEGFA and IL-13Ra2 were normalized to GAPDH
expression in each sample. CAFs, cancer-associated fibroblasts; CHI3L1, chitinase 3-like 1; IL-13Ra2, interleukin-13 receptor a2; NC, negative control; NFs,
normal fibroblasts; NS, not significant; RT-qPCR, reverse transcription-quantitative PCR; si/siRNA, small interfering RNA; VEGFA, vascular endothelial
growth factor-A.
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Figure 5. Changes in IL-8 and VEGFA after CHI3L1 knockdown in CAFs. (A) RT-qPCR indicated that CHI3L! mRNA expression in CAFs was suppressed
by transfection with CHI3L1 siRNA. (B) ELISA of the cell culture supernatants demonstrated that CHI3L1 secretion in CAFs was suppressed by transfec-
tion with CHI3L1 siRNA. (C) Western blotting revealed that CHI3L1 protein expression in CAFs was suppressed after transfection with CHI3L1 siRNA.
(D) RT-qPCR indicated that /L-8 mRNA expression in CAFs was suppressed by transfection with CHI3L1 siRNA. (E) ELISA of the cell culture supernatants
demonstrated that IL-8 secretion in CAFs was suppressed by transfection with CHI3L1 siRNA. (F) RT-gPCR revealed that VEGFA mRNA expression in CAFs
was suppressed by transfection with CHI3L1 siRNA. (G) ELISA of the cell culture supernatants indicated that VEGFA secretion in CAFs was suppressed
by transfection with CHI3L1 siRNA. Data are presented as the mean + SEM. "P<0.05, “P<0.01. The relative mRNA expression levels of CHI3L1, IL-8 and
VEGFA were normalized to GAPDH expression in each sample. CAFs, cancer-associated fibroblasts; CHI3L1, chitinase 3-like 1; NC, negative control;
RT-qPCR, reverse transcription-quantitative PCR; si/siRNA, small interfering RNA; VEGFA, vascular endothelial growth factor-A.

on IL-8/VEGFA expression was assessed by RT-qPCR using
CAFs without CHI3L1 treatment as a control (Fig. S1). IL-8
mRNA expression in CAFs was markedly enhanced after treat-
ment with CHI3L1 at concentrations =10 ng/ml, while VEGFA
mRNA expression in CAFs was not significantly enhanced
except at concentrations of 1,000 ng/ml. Based on these results
and existing reports (11,32,33,38,39), CHI3L1 at a concen-
tration of 100 ng/ml was used in subsequent experiments.

Subsequently, after 100 ng/ml CHI3L1 treatment, the /L-8 and
VEGFA mRNA levels in fibroblasts and colorectal cancer cell
lines were measured by RT-qPCR at 24 h and the secreted
protein levels in the cell culture supernatants were measured
by ELISA at 48 h.

RT-qPCR revealed that /L-8 expression in CAFs was
~16 times higher than that in NFs, and was also markedly higher
than that in the three cancer cell lines (Fig. 4A). Furthermore,
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Figure 6. Effects of CHI3L1 on tube formation in vascular endothelial cells. (A) EA.hy926 cells were cultured in serum-free DMEM, serum-free DMEM with
100 ng/ml CHI3L1, serum-free DMEM with 100 ng/ml IL-8 and serum-free DMEM with 50 ng/ml VEGFA. The cells incubated with serum-free DMEM
alone were used as a control (magnification, x40). (B) IL-8 and VEGFA increased tube formation by EA.hy926 cells, and CHI3L1 tended to increase tube
formation by EA.hy926 cells, although no significant difference was observed. (C) EA.hy926 cells were cultured in DMEM containing 5% FBS, conditioned
medium from cancer cells (HT-29), NF or CAF cultures, conditioned medium from CAFs treated with control IgG or mAY at 10 yg/ml, and conditioned
medium from CAFs transfected with negative control, CHI3L1, IL-8 or VEGFA siRNA. The cells incubated only with DMEM containing 5% FBS were used
as controls (magnification, x40). (D) CM from CAFs increased tube formation by EA .hy926 cells compared with control CM and CM from NFs. The addition
of mAY or transfection of CAFs with CHI3L1, IL-8 or VEGFA siRNA suppressed the effects of CAF CM on tube formation. (E) RT-qPCR demonstrated that
IL-8 mRNA expression in CAFs was suppressed by transfection with IL-8 siRNA. (F) RT-qPCR demonstrated that VEGFA mRNA expression in CAFs was
suppressed by transfection with VEGFA siRNA. Data are presented as the mean + SEM. "P<0.05, “P<0.01. The relative mRNA expression levels of IL-8 and
VEGFA were normalized to GAPDH expression in each sample. CAFs, cancer-associated fibroblasts; CHI3L1, chitinase 3-like 1; CM, conditioned medium;
mAY, human CHI3L1 neutralizing antibody; NC, negative control; NFs, normal fibroblasts; NS, not significant; RT-qPCR, reverse transcription-quantitative
PCR; si/siRNA, small interfering RNA; VEGFA, vascular endothelial growth factor-A.

treatment with CHI3L1 increased IL-8 expression in CAFs. RT-qPCR demonstrated that VEGFA expression was
ELISA also demonstrated that CAFs secreted more IL-8 than  higher in CAFs than in NFs, although this difference was not
NFs and cancer cell lines, and the addition of CHI3L1 to CAFs  significant. Although VEGFA expression in the three cancer
further increased IL-8 secretion from CAFs (Fig. 4B). cell lines differed depending on the cell line, there were no
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clear differences compared with in CAFs. Furthermore, the
addition of CHI3L1 to CAFs did not cause significant changes
(Fig.4C). ELISA demonstrated significant differences between
CAFs and NFs, and between untreated CAFs and CHI3L1-
treated CAFs. However, VEGFA secretion from CAFs was not
particularly high compared with that from the cancer cell lines
(Fig. 4D). In the three cancer cell lines, RT-qPCR revealed no
significant changes in the expression levels of IL-8 or VEGFA
between groups treated with and without CHI3L1 in all cell
lines (Fig. 4E and F).

To confirm the relationship between CHI3L1 and
IL-13Ra2, a receptor for CHI3L1, the present study also evalu-
ated IL-8 and VEGFA expression after CHI3L1 treatment and
knockdown of IL-13Ra2 in CAFs. Compared with the
negative control siRNA, transfection with IL-13Ra2 siRNA
significantly downregulated IL-13Ra?2 expression in CAFs,
as demonstrated by RT-qPCR (Fig. 4G). IL-13Ra2 siRNA
also suppressed the enhanced IL-8 expression induced by the
addition of CHI3L1 to CAFs (Fig. 4H). On the other hand,
IL-13Ra2 siRNA did not significantly affect VEGFA expres-
sion in CAFs (Fig. 41).

According to a previous report (33), MCP-1 is related to
CHI3LI1. The present study revealed that it is secreted from
CAFs and NFs using a cytokine array; however, RT-qPCR
revealed a decrease in MCP-1 expression after the addition of
100 ng/ml CHI3L1 in CAFs (Fig. S2). Furthermore, although
some reports have demonstrated that CHI3L1 has effects other
than angiogenesis (11,32,33,38), in the present study, there
was no CHI3L1 dose-dependent effect on proliferation and no
significant effect on migration in colorectal cancer cell lines
(Fig. S3).

Changes in IL-8 and VEGFA expression after CHI3LI
knockdown in CAFs. RT-qPCR, western blotting and ELISA
were performed to evaluate changes in the expression and
secretion of IL-8 and VEGFA in CAFs transfected with
CHI3L1 siRNA. Compared with the negative control siRNA,
transfection with CHI3L1 siRNA significantly downregu-
lated CHI3L1 expression and secretion in CAFs (Fig. 5A-C).
Furthermore, RT-qPCR and ELISA demonstrated that

transfection with CHI3L1 siRNA also significantly suppressed
IL-8 expression and secretion in CAFs (Fig. 5D and E).
Furthermore, RT-qPCR and ELISA showed that transfection
also significantly suppressed VEGFA expression and secretion
in CAFs (Fig. 5F and G).

Effects of CHI3LI on tube formation by vascular endothelial
cells. Matrigel angiogenesis assays were subsequently
performed to evaluate the effects of CHI3L1 on tube formation
in EA hy926 vascular endothelial cells using either recombi-
nant addition or cell culture supernatants.

First, to evaluate the direct effects of CHI3L1, IL-8 and
VEGFA on vascular endothelial cells, tube formation was
compared between control medium (serum-free DMEM) and
medium containing recombinant CHI3L1, IL-8 or VEGFA
(Fig. 6A and B). IL-8 and VEGFA, which are angiogenic
factors (48), significantly increased tube formation of
EA .hy926 cells compared with the control when applied at
concentrations of 100 and 50 ng/ml, respectively. In addition,
CHI3L1 tended to increase tube formation of EA.hy926 cells
compared with the control when applied at a concentration of
100 ng/ml, although the difference was not significant.

Subsequently, to confirm whether secreted CHI3L1 protein
produced by CAFs affected angiogenesis, tube formation
was compared after treatment with control medium (DMEM
containing 5% FBS), conditioned medium from cancer cells
(HT-29), NF or CAF cultures, conditioned medium from
CAFs treated with control IgG or mAY at 10 yg/ml, and
conditioned medium from CAFs transfected with negative
control, CHI3L1, IL-8 or VEGFA siRNA (Fig. 6C and D).
CAF supernatants significantly increased tube formation of
EA hy926 cells compared with control and NF supernatants.
Furthermore, CAF supernatants tended to increase tube
formation compared with HT-29 supernatants, although the
difference was not significant. The addition of control IgG
had no inhibitory effects on tube formation by CAF super-
natants, but the addition of mAY significantly inhibited tube
formation by CAF supernatants compared with control IgG.
Furthermore, tube formation was significantly suppressed by
conditioned medium from CAFs transfected with CHI3L1,
IL-8 or VEGFA siRNA compared with that from CAFs trans-
fected with negative control siRNA. For reference, compared
with the negative control siRNA, transfection with IL-8 or
VEGFA siRNA significantly suppressed IL-8 or VEGFA
expression, respectively, in CAFs (Fig. 6E and F).

Discussion

CAFs have been demonstrated to have important roles in the
cancer microenvironment, and the involvement of cytokines and
tumor growth factors secreted by CAFs is being actively investi-
gated (3-5,7). The present study demonstrated that CHI3L1 was
mainly secreted from CAFs in the cancer microenvironment
and was involved in tumor angiogenesis via IL-8 secretion.
Previous reports have suggested that CHI3L1 is expressed by
and secreted from cancer cells (31-33). Furthermore, CHI3L1
has been reported to serve a role in cancer progression by
CAFs; however, this mechanism has only been investigated in
the context of immune cells or exosomes, not cytokines (11,35).
Accordingly, the present study focused on cytokines secreted
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from CAFs and demonstrated that CAFs, not cancer cells,
mainly secreted CHI3L1 and IL-8. However, CAFs are not the
only origin of CHI3L1 and angiogenic factors. As shown in
previous reports (32,33) and the present study, some colorectal
cancer cell lines secrete CHI3L1, IL-8 and VEGFA, suggesting
that both CAFs and cancer cells may be potential origins of
CHI3L1 and angiogenic factors. Furthermore, because CAFs
may be derived from several cell types, the secretion of CHI3L1
and angiogenic factors from CAFs of different individuals
may also differ (4). However, the present results suggested that
CHI3L1 and angiogenic factors secreted from CAFs may have
roles in the cancer microenvironment.

In the present study, to clarify the mechanisms of action
of CHI3L1 secreted from CAFs in the cancer microenviron-
ment, CHI3L1 receptor expression in various cell types was
also evaluated. Although the details of CHI3L1 receptors have
not been fully elucidated, a number of previous studies have
reported that IL-13Ra2 is a CHI3L1 receptor (44-47).1L-13Ra2
expression is upregulated in melanoma, head and neck cancer,
and glioma, as well as other types of malignant tumors (49-51).
In colorectal cancer, high IL-13Ra2 expression in cancer cells
is associated with a poor prognosis (52), although individual
differences are also observed. In the present study, expres-
sion was observed in fibroblasts, particularly CAFs, but weak
expression was observed in colon cancer cell lines. In addition,
IL-8 expression and secretion were affected by CHI3L1 treat-
ment in CAFs, but not in cancer cells. Furthermore, IL-13Ra2
knockdown suppressed the enhanced IL-8 expression induced
by CHI3LI1 treatment in CAFs, suggesting that this receptor
may be involved in CHI3L1-dependent IL-8 production by
CAFs. CHI3L1 has also been reported to act directly on cancer
cells and to be involved in cancer progression, including prolif-
eration and migration (33,38,53). Therefore, CHI3L1 receptors
other than IL-13Ra2 may be involved in mediating the effects
of CHI3LI in the cancer microenvironment. Indeed, CD44v3
and transmembrane protein 219 have been reported to act as
CHI3LI1 receptors (26,45,53). Overall, the results of the present
study indicated that CHI3L1 affected cancer progression by
acting on CAFs, rather than through direct effects on cancer
cells.

CHI3L1 affects angiogenesis (31-33), an important
mechanism that supports cancer progression by supplying
nutrients and oxygen. Additionally, anti-angiogenic
drugs have been demonstrated to serve important roles in
colorectal cancer treatment (1,54). VEGFA, IL-8, monocyte
chemotactic protein-1, bFGF, platelet-derived growth factor,
hepatocyte growth factor and epidermal growth factor are
angiogenic factors, and our previous studies revealed that
IL-6-dependent VEGFA secretion from CAFs promoted
cancer angiogenesis (7,55). Furthermore, CHI3L1 may be
related to the angiogenic functions of IL-8, VEGFA and
MCP-1 (31,33,38,39). The present study focused mainly
on IL-8 signaling by performing cytokine array analysis.
Changes in IL-8 secretion were observed after CHI3L1 addi-
tion or CHI3L1 knockdown in CAFs, suggesting that IL-8
secretion from CAFs may be regulated by CHI3L1 and that
CHI3L1 may be related to IL-8-mediated angiogenesis. The
involvement of VEGFA was not clarified in the present study
because not all of the results showed significant differences.
A previous report has suggested that VEGFA is involved in

CHI3L1 signaling (31), whereas another report has demon-
strated that CHI3L1 is involved in angiogenesis via other
mechanisms because CHI3L1 could not be antagonized by
anti-VEGFA antibodies (32). The involvement of MCP-1,
which has been reported previously (33), was also not
clarified in CAFs in the present study. Furthermore, CHI3L1
itself has been reported to be an angiogenic factor (32,33).
The results of the present angiogenesis assays also supported
this finding, although the difference was not significant.
Therefore, despite the present findings demonstrating that
CHI3L1 was mainly involved in IL-8 secretion from CAFs,
further studies on the angiogenic effects of CHI3L1 are
required. To the best of our knowledge, no reports have
demonstrated the roles of fibroblasts in mediating CHI3L1-
related cancer angiogenesis.

In summary, the results of the present study demon-
strated that in the colorectal cancer microenvironment,
CHI3L1 is mainly secreted from CAFs and acts on CAFs
themselves (Fig. 7). Furthermore, the action of CHI3LI1
on CAFs promoted the secretion of IL-8, which induced
cancer angiogenesis. CAFs have been reported to affect
tumor growth, including cancer cell proliferation, migration,
invasion and angiogenesis through the expression or secre-
tion of various proteins (3,5,7,14,20,21), and some of these
mechanisms may be related to CHI3L1. Further studies are
required to elucidate other functions of CAFs and CHI3L1 in
cancer progression and their mechanisms, as well as animal
experiments to confirm their effects in vivo. Furthermore,
the relationship between the expression levels of CHI3L1 in
CAFs and clinicopathological factors, such as venous inva-
sion and metastasis, needs to be clarified in further studies.
Treatments targeting the cancer stroma have been attracting
increasing attention (56,57). The present study demonstrated
that CAFs and CHI3L1 served important roles in cancer-
stromal interactions and that knockdown of CHI3L1 or
addition of anti-CHI3L1 antibodies suppressed angiogenesis.
Therefore, targeting the cancer stroma and CHI3L1 could
help to establish novel cancer treatments that differ from
conventional drugs.
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