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TLR9 induces colitis-associated colorectal carcinogenesis
by regulating NF-kB expression levels
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Abstract. Chronic colorectal inflammation has been asso-
ciated with colorectal cancer (CRC); however, its exact
molecular mechanisms remain unclear. The present study
aimed to investigate the effect of Toll-like receptor 9 (TLRY)
on the development of colitis-associated CRC (CAC) through
its regulation of the NF-kB signaling pathway. By using a
CAC mouse model and immunohistochemistry, the present
study discovered that the protein expression levels of TLR9
were gradually upregulated during the development of CRC.
In addition, the expression levels of TLR9 were revealed to be
positively correlated with NF-«B and Ki67 expression levels.
In vitro, inhibiting TLRY expression levels using chloroquine
decreased the cell viability, proliferation and migration of the
CRC cell line HT29, and further experiments indicated that
this may occur through downregulating the expression levels
of NF-«B, proliferating cell nuclear antigen and Bcl-xl. In
conclusion, the findings of the present study suggested that
TLR9 may serve an important role in the development of CAC
by regulating NF-«B signaling.
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Introduction

The number of patients with colorectal cancer (CRC) world-
wide is increasing annually, with an incidence rate of 6.1% in
2018 (1). Chronic inflammation is the leading cause of immune
cell infiltration and proliferation, and it has been suggested
to be a high-risk factor for colitis-associated CRC (CAC) (2).
Inflammatory bowel disease (IBD), which encompasses both
ulcerative colitis (UC) and Crohn's disease, was established as
an important precursor to CRC (3,4). For example, the incidence
of IBD-associated CRC in patients with UC was reported to
have a cumulative risk rate of 2% at 10 years, 8% at 20 years
and 18% at 30 years of disease duration (3). Therefore, further
in vivo studies are required for researchers to gain an improved
understanding of the molecular mechanisms of CAC, which
may provide more exact molecular targets for the diagnosis and
treatment of CAC during the early stages.

Toll-like receptor (TLR)9, a member of the TLR family,
is located in the cytoplasm and intracellular endosomes, and
can be activated by unmethylated bacterial CpG DNA (5). The
activation of the TLRO signaling pathway induces a Type 1 T
helper cell immune response and stimulates the proliferation
of B cells, thus protecting the host from external microbial
invasion (6-9). Multiple studies have revealed that abnormal
TLR9 expression levels were involved in the pathogenesis and
progression of UC (10,11). In addition, abnormal expression
levels of TLR9 were also identified during the tumorigenesis
and development of CRC (12-15).

NF-«kB is an important transcription factor involved in
various biological processes, including inflammatory reac-
tions, immune responses, apoptosis and proliferation (16). In
fact, NF-kB is regarded as a molecular hub that links inflam-
mation and cancer (17). It was previously suggested that NF-xB
may serve an important role in colorectal carcinogenesis by
regulating matrix metalloproteinase-9 expression (18-20).
Previous studies have revealed that TLR9 was related to the
biological characteristics of various types of cancer, including
bladder, lung and prostate cancer, such as cell proliferation,
invasion, tumor growth and progression (21-24). In fact, one
previous study reported that TLR9 regulated the expression
levels of interleukin (IL)-6 through the myeloid differentiation
primary response protein MyD88 (MyD88)/NF-«kB signaling
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pathway in myeloid cells to promote tumor recurrence after
irradiation, including in melanoma, bladder carcinoma and
colorectal carcinoma (25).

The current study aimed to investigate the effect of TLR9
on the development of CAC through its regulation of the NF-kB
signaling pathway. Owing to the synergistic effects of azoxy-
methane (AOM), a tumor-inducing agent, and dextran sodium
sulfate (DSS), a tumor-promoting agent (26), the present study
established CAC model mice by co-administering AOM and
DSS to analyze the expression levels of TLR9, NF-kB and
Ki67 in CAC tissues.

Materials and methods

Reagents and antibodies. AOM (cat. no. A5486) and chloro-
quine (TLRY inhibitor; cat.no. C6628-25G) were obtained from
Sigma-Aldrich; Merck KGaA.DSS (cat.no.0216011080-100G)
was purchased from MP Biomedicals, LLC. Anti-TLR9
(cat. no. ab134368) and anti-MyD88 (cat. no. ab135693)
primary antibodies were obtained from Abcam. Anti-NF-kB
(NF-kB p65; cat. no. 824285), anti-Bcl-xI (cat. no. 2764) and
anti-Ki67 (cat. no. 9449S) primary antibodies were obtained
from Cell Signaling Technology, Inc. The anti-proliferating
cell nuclear antigen (PCNA; cat. no. sc-56) primary anti-
body was obtained from Santa Cruz Biotechnology, Inc.
and the anti-GAPDH (cat. no. TA309157) primary antibody
was obtained from OriGene Technologies, Inc. Horseradish
peroxidase secondary goat anti-rabbit (cat. no. ZB-2301)
and goat anti-mouse (cat. no. ZB-2305) antibodies, used
for western blotting, and goat anti-mouse/rabbit antibodies
(cat. no. TA130001/TA130015) used for immunohistochem-
istry (IHC) were obtained from OriGene Technologies, Inc.

Cell lines and culture. The human CRC cell line HT29 was
obtained from the American Type Culture Collection and
cultured in McCoy's SA (Modified) medium (Gibco; Thermo
Fisher Scientific, Inc.), supplemented with 10% FBS (Gibco;
Thermo Fisher Scientific, Inc.), 50 mg/ml penicillin and
50 mg/ml streptomycin, maintained in a humidified atmo-
sphere of 5% CO, at 37°C.

Western blotting. Cells were lysed in RIPA lysis buffer
(Beijing Solarbio Science & Technology Co., Ltd.) at 4°C for
30 min. The protein concentration was measured following
centrifugation at 12,000 x g for 15 min at 4°C and quantified
using a bicinchoninic acid protein assay kit (Beijing Solarbio
Science & Technology Co., Ltd.). An equal amount of
protein (50 pg/lane) was separated via 10% SDS-PAGE and
electrophoretically transferred onto polyvinylidene difluo-
ride membranes (EMD Millipore). The membranes were
blocked with 5% skimmed milk for 2 h at room temperature
and were subsequently incubated overnight at 4°C with
the following primary antibodies: Anti-TLR9 (1:1,000),
anti-NF-xB (1:1,000), anti-Bcl-x1 (1:1,000), anti-PCNA
(1:1,000), anti-MyD88 (1:500) and anti-GAPDH (1:1,000).
Following the primary antibody incubation, the membranes
were washed 3 times with PBS for 10 min each and incubated
with the corresponding goat anti-rabbit or goat anti-mouse
secondary antibodies at 4°C for 4 h. Protein bands were
visualized using an ECL reagent (Thermo Fisher Scientific,

Inc.) on a Gel Doc XR+ system (Bio-Rad Laboratories, Inc.)
and analyzed using Image Lab version 2.0 software (Bio-Rad
Laboratories, Inc.).

Wound healing assay. A wound healing assay was performed
to analyze the cell migratory ability. Briefly, HT29 cells
(3x10%/well) were seeded into six-well plates and cultured to
90-100% confluence. Subsequently, a 200-x1 pipette tip was
used to scratch a wound in the cell monolayer. Fresh serum-free
McCoy's SA (Modified) medium containing different concen-
trations of chloroquine (0, 15 or 25 pg/ml) was added to
each well and cultured for 48 h in a humidified atmosphere
of 5% CO, at 37°C. Images of each well were captured at 0
and 48 h using a light phase contrast microscope (Olympus,
ZKX-41; Olympus Corporation) with a magnification of x100.
The wound-healing areas were assessed using ImageJ 1.52a
software (National Institutes of Health). The migratory rate
of cells = (wound area at O h-wound area at 48 h)/area at O h.

Colony formation assay. HT29 cells (1.2x10%/well) were
cultured in 6-well plates for 48 h in medium containing different
concentrations of chloroquine (0, 15 or 25 pg/ml) at 37°C, and
then seeded into 6-cm cell culture dishes (500 cells/dish) and
incubated in complete medium at 37°C. After 14 days, the cells
were fixed with 4% paraformaldehyde for 15 min and stained
with 0.1% crystal violet for 30 min, both at room temperature.
The number of colonies, defined as >50 cells/colony, was
counted manually using a light microscope with a magnifica-
tion of x100. Relative colony number = number of colonies in
observed group/number of colonies in control group. All of the
experiments were repeated =3 times.

Cell viability assay. The viability of HT29 cells was analyzed
using an MTT assay. Briefly, HT29 cells were seeded at a density
of 5,000 cells/well in a 96-well plate and treated for 24, 48 or
72 h with chloroquine (0, 100, 125 or 150 pg/ml) at 37°C and
then analyzed using an MTT assay as previously described (27).

Animal studies. All animal experiments were approved by the
ethics committee of The First Affiliated Hospital of Nanchang
University (Nanchang, China). A total of 144 female BALB/c
mice (weight, 20-24 g; age, 8-10 weeks) were obtained from
Beijing Vital River Laboratory Animal Technology Co. Ltd.
(Laboratory Animal License no. SCXK 2017-0012). The
animals were maintained with a normal diet and tap water ad
libitum at a temperature of 23+2°C and a relative humidity of
40-60%, and artificially illuminated on an approximate 12 h
light/dark cycle at the Animal Care Facility in the Medical
College of Nanchang University. All of the mice experiments
were approved by the Animal Care and Use Committee of
Nanchang University. The total experiment lasted for 23 weeks.
The mice were divided into four groups (36 mice/group): i)
Group A (AOM + DSS), which was intraperitoneally injected
without anesthesia with 10 mg/kg AOM once on the first day,
followed by 3% DSS given in the drinking water for 1 week
and then 2 weeks of distilled water (one cycle), which was
repeated for two additional cycles; ii) Group B (AOM), which
was intraperitoneally injected with 10 mg/kg AOM once on
the first day and provided with distilled drinking water during
weeks 0-9; iii) Group C (DSS), which was treated with DSS
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as described for group A but without the AOM treatment;
and iv) Group D (blank control), which received neither DSS
nor AOM treatment and was provided with distilled drinking
water for the first 9 weeks. All the mice were provided with a
normal diet and tap water during weeks 10-23 (Fig. 1A).

The disease activity index (DAI) was evaluated at the
end of the experiment using the numerical system described
by Tian et al (28). The DAI parameters included total body
weight loss (0, none; 1, 1-5%; 2, 5-10%; 3, 10-20%; 4, >20%),
stool consistency (0, well-formed pellets; 2, loose stool; 4,
diarrhoea) and the presence of fecal occult blood (0, negative;
2, positive; 4, gross bleeding).

Several mice were randomly sacrificed at certain times
points following AOM injection (the 1st, 2nd, 3rd, 6th, 9th,
12th, 18th and 23rd weeks). Six mice were sacrificed at weeks
1,2, 3 and 6, one mouse was sacrificed at week 9 and four mice
were sacrificed at weeks 12 and 18 in each group. Additionally,
six mice in group D were randomly sacrificed at week O as
control. All remaining mice were sacrificed at week 23. After
the large bowels were resected and washed with PBS, they
were carefully examined, photographed and fixed in 10%
formalin at room temperature for 24 h. Further histological
examinations were subsequently performed.

Histopathological analysis and immunohistochemistry (IHC).
Paraffin-embedded colorectal sections (5-gm-thick) were
stained with hematoxylin for 2 min and eosin for 5 min at room
temperature to analyze the degree of inflammation using a light
microscope with magnifications of x40 and x100. Briefly, the
severity of inflammation, the thickness of inflammation the
severity of epithelial damage and the extent of the lesions were
each graded from O to 3 by two investigators who were blinded
to the treatment groups, as previously described (29,30). The
severity of inflammation was adapted from the grading system
developed by Truelove and Richards (31,32) as follows: i) Grade
0, no neutrophil infiltration in the lamina propria; ii) Grade I,
infiltration of a small number of neutrophils [<10 cells/high
power field (HPF)] in the lamina propria, involving a few crypts;
iii) Grade II, obvious neutrophil infiltration in the lamina propria
(10-50 cells/HPF), involving >50% of the crypts; iv) Grade III,
infiltration of neutrophils (>50 cells/HPF) in the lamina propria
with crypt abscess; and v) Grade I'V, obvious acute inflammation
in the lamina propria with ulcer formation. Grade I was classi-
fied as mild, grade II was classified as moderate, and grades I1I
and IV were classified as severe. The severity of inflammation
ranged from O to 3 (0, no inflammation; 1, mild; 2, moderate;
3, severe), the thickness of inflammation ranged from O to 3
(0, no inflammation; 1, mucosa; 2, mucosa plus submucosa; 3,
transmural), the severity of epithelial damage ranged from O to
3 (0, intact epithelium; 1, disruption of architectural structure; 2,
erosion; 3, ulceration) and the extent of lesions ranged from 0 to
3 (0, no lesions; 1, punctuate; 2, multifocal; 3, diffuse).

IHC was performed as described in our previous study (33).
Colorectal tissues were fixed in 10% formalin for 24 h at room
temperature. Formalin-fixed and paraffin-embedded tissue
blocks were cut into 5-um-thick sections and mounted on glass
slides. Slides were heated in an oven at 70°C for 90 min and
deparaffined in xylene twice for 10 min each at room tempera-
ture, rehydrated in a descending ethanol series (100, 95 and 85%
ethanol for 5 min each at room temperature) and incubated in

3% H,0, for 8§ min at room temperature to block endogenous
peroxidase. Antigen retrieval was performed by heating in a
microwave at 100°C in sodium citrate buffer (3 mM, pH 6.0)
for 15 min. Slides were blocked with 5% bovine serum albumin
(Beijing Solarbio Science & Technology Co., Ltd.) for 1 h at
room temperature to block non-specific antibody binding and
incubated overnight at 4°C with the following primary anti-
bodies: Anti-TLR9 (1:400), anti-NF-xB (1:200) and anti-Ki67
(1:100). Following the primary antibody incubation, the sections
were washed three times with PBS and incubated with horse-
radish peroxidase secondary goat anti-mouse/rabbit antibodies
(ready to use) at 37°C for 30 min. The sections were stained
with 3,3'-diaminobenzidine at room temperature; the duration
of staining was based on the staining observed under a light
microscope with a magnification of x100, and the reaction
was terminated when the staining was yellowish-brown. The
sections were then counterstained with hematoxylin for 1 min
at room temperature. The slides were observed under a light
microscope with a magnification of x100. The widely accepted
German semi-quantitative scoring system (34,35) was used to
determine the staining intensity and area of staining, according
to the recommendations of Remmele and Stegner (36). Each
specimen was assigned a score according to the intensity of the
nucleic, cytoplasmic and/or membrane staining (no staining, not
detected=0; weak staining, light yellow=1; moderate staining,
yellowish brown=2; strong staining, brown=3) and the extent of
stained cells (no staining, 0; 1-24%, 1; 25-49%, 2; 50-74%, 3;
75-100%, 4). The final immunoreactive score was determined
by multiplying the intensity score with the extent of stained cells
score, ranging from O (the minimum) to 12 (the maximum).

Co-immunoprecipitation assay. HT29 cells were lysed in
RIPA lysis buffer (Beijin Solarbio Science & Technology Co.,
Ltd.) at 4°C for 30 min. Whole-cell lysates were pelleted via
centrifugation at 10,000 x g for 10 min at 4°C. The super-
natant was incubated with an anti-TLR9 antibody (1:200)
or goat anti-mouse IgG (1:200; cat. no. ZB-2305; OriGene
Technologies, Inc.), together with protein A/G PLUS-Agarose
beads (Santa Cruz Biotechnology) at 4°C overnight. The beads
were washed three times with the non-lubrol lysis buffer
at 2,500 x g centrifugation for 5 min at 4°C, then subjected
to SDS-PAGE and subsequent western blotting analysis as
aforementioned. Whole cell lysate was used as a control.

Statistical analysis. Statistical analysis was performed using
SPSS 20.0 software (IBM Corp.). The data are presented as
the mean + SD. All experiments were performed at least in
triplicate. A one-way ANOVA followed by a Tukey's post hoc
test was used to determine the statistical differences between
>2 groups, whereas an unpaired Student's t-test were used
to determine the statistical differences between 2 groups. A
Spearman's rank correlation test was used to determine the
correlation between the expression levels of TLR9, NF-kB
and Ki67 in CRC tissues. P<0.05 was considered to indicate a
statistically significant difference.

Results

Construction of the CAC model mice. In groups A (AOM +
DSS) and C (DSS), the body weights of the mice decreased with
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Figure 1. Construction of the colitis-associated-colorectal cancer model in mice. (A) Schematic diagram of the experimental protocol for colitis-associated
colorectal cancer model mice in groups A-D. Arrow indicates 10 mg/kg azoxymethane administration via intraperitoneal injection; black square indicates
administration of 3% dextran sodium sulfate in drinking water for 1 week; continuous line indicates duration fed a normal diet and distilled water; dotted
line indicates duration fed a normal diet and tap water; and triangle indicates timepoint of sacrifice. (B) Body weights of the mice in each group.™P<0.001.
(C) Disease activity index of groups A and C. Data are presented as the mean + SD. Group A, 10 mg/kg azoxymethane and 3% dextran sodium sulfate water;
group B, 10 mg/kg azoxymethane; group C, 3% dextran sodium sulfate water; group D, blank control.

time compared with group D (blank control group; Fig. 1B). The
average weight of the mice in group C declined from 21.6+1.3 g
at the beginning of the experiment to 20.8+0.8 g by week 23,
while the average weight of the mice in group A decreased from
21.6+1.23 g at the beginning of the experiment to 19.5+0.7 g by
week 23; the differences between groups A and D, and groups
C and D were statistically significant at week 23 (P<0.05). The
DAI, which reflects the severity of colitis, was also markedly
increased in groups A and C after DSS administration (on
the 1st, 3rd and the 6th week; Fig. 1C). No weight loss or any
signs of inflammation, such as loose stool or diarrhea, positive
fecal occult blood or gross bleeding, were observed in groups
B (AOM) and D (blank control). The DAI of groups B and D
was zero throughout the modeling process and is therefore not
shown in Fig. 1C. The lengths of the large bowels in groups A
and C were decreased compared with groups B and D (Fig. 2A).
Notably, the lengths of the large bowels were significantly
decreased in groups A and C from week 3 compared with the
control group (mice sacrificed in group D at week 0) or with
group D(P<0.05; Fig. 2B). However, the severity of inflamma-
tion was significantly increased in group A compared with in
group C at week 23, and the extent of inflammation was signifi-
cantly increased in group A compared with in group C after
week 18 (P<0.05), while there was no significant differences
in the thickness of inflammation and the severity of epithelial
damage between groups A and C (Fig. 2C).

By the 12th week, colorectal tumors were only observed
in the mice of group A (Fig. 2D). Pathological results further
revealed that the mice in group A presented with acute inflam-
mation (AIF), chronic inflammation (CIF), adenoma and
adenocarcinoma of the colorectum at weeks 3, 6, 12 and 18,
respectively (Fig. 2D and E).

Expression levels of TLR9 and NF-xB are simultaneously
upregulated during the development of chronic colitis
in CRC. THC staining revealed that TLR9 was located in
the cytoplasm of the intestinal epithelial cells (IECs) and
inflammatory cells in the lamina propria (Fig. 3A). TLR9
expression levels were significantly upregulated in AIF,
CIF, adenoma and adenocarcinoma tissues compared with
the corresponding tissues from control mice (group D;
P=0.0334, P=0.0379, P=0.0437 and P=0.0008, respectively;
Fig. 3B). Furthermore, the protein expression levels of TLR9
was significantly upregulated in the adenocarcinoma tissue
compared with the AIF (P=0.0077), CIF (P=0.0278) and
adenoma (P=0.0273) tissue (Fig. 3B).

The positive NF-kB region was mainly confined to the
cytoplasm of the IECs and inflammatory cells (Fig. 3A).
The THC results revealed that the expression levels of NF-xB
were significantly upregulated in the AIF, CIF, adenoma and
adenocarcinoma tissues compared with the corresponding
tissues from control mice (P=0.0061, P=0.0043, P=0.0019 and



ONCOLOGY LETTERS 20: 110, 2020 5

A Group A Group B Group C Group D

B E - GroupA E . Group B 9 Il GroupA & Group C p 5 Il GroupA ¥ Group C
- - o
[} - [ . [
57 * £ n& ¥ g 8
8 : 2 $2 28
2 s, B tx+ 38 5t
a i 8 82 28
=™ Lz : v 23 8f
£ LA : 2 ‘%
B 5 |. £ -
9 —T T T T T T 3 T T T T T T T
> N V2L GG > O L >
L a7 NN ot s ae” O N W
& 2 * o & 2 X o o
oo \‘\Oo $@ {\0 $0°$0§ 5 q\00 oo ~$* $°0 {\0 $Q°$°0$00 \‘\00 \‘\&
5 & Group C 5 & Group D 5 BN GroupA % Group C -
Tls . ] v o2 [ 2
§ - Ed1 0 §e :
o o ek o Iy ? & =8 2
g Tz33: ¢ IS 2
8 P - s - 8- 3
s 2T : :
K] T e \. e K] o{ A \l g
ISP S g S W ¢ L T 0 NNV
_ D 2 i
J-E_’, BN GroupA 3 GroupB WM GroupC == Group D § [ Adenocarcinoma
g g 154 WM Adenoma
a I l‘ ] —
o - = 13
2 = H 2
-~ E i E 5
£ £ i )
B = - E
§ E E 2
= Week 1 Week2 Week3 Week6 Week 12 Week 18 Week 23 Week 12  Week 18 Week 23

Control Adenoma Adenocarcinoma

Figure 2. Colorectal pathological results in mice. (A) Length of the large bowels of mice in each group at week 18. Representative bowels from 3-4 independent
animals are shown. (B) Mean length of large bowel of mice in each group. "P<0.05, “P<0.01, ““P<0.001 vs. control (mice sacrificed in group D at week 0) or
group D (bottom graph). (C) Histological score of severity, thickness, damage and extent of lesions of the colorectums from mice in groups A and C. "P<0.05.
(D) Large bowels were retrieved at week 12, 18 and 23 from mice in group A to determine the numbers of tumors formed. "P<0.05, “P<0.01. (E) Histological
analysis of various pathological changes in the colons of mice in group A were determined using hematoxylin and eosin staining. The control groups represents
tissues taken at week 0 from group D. Scale bars, 500-pm (upper) and 100-ym (lower). Inflammatory cells (green arrows) and intestinal epithelial cells
(red arrows) are indicated. Group A, 10 mg/kg azoxymethane and 3% dextran sodium sulfate water; group C, 3% dextran sodium sulfate water; AIF, acute
inflammation; CIF, chronic inflammation.

P<0.0001, respectively; Fig. 3D). Moreover, NF-kB expression Ki67 expression levels were observed in the nuclei of IECs
levels were significantly upregulated in the adenocarcinoma  and inflammatory cells (Fig. 3A). The IHC results revealed that
tissue compared with the AIF (P<0.0001) and adenoma the Ki67 expression levels were gradually upregulated across
(P=0.0161) tissues (Fig. 3D). the intestinal lesions, including in the AIF, CIF, adenoma and



LUO et al: TLR9 PROMOTES COLORECTAL CARCINOGENESIS

Control AIF CIF Adenoma Adenocarcinoma
* : - at \ * : ,‘ - 5 A } 3 -
2 > ». SRS R : | f
o 7
? Lk > Eoome =
> S » : ‘
e " § * | A8 v o PN
= .f -)" ®
m ~— s G 2
L o 2
k= & ) _ e (s o 58 o
% " ."." ': e 3 ' ) s - /
» = i O T2 . ~F
5 e e ) S I
> > e ¥ L 20 : 2 fk
> : > e R '_.
= ; — ! = 2 et | S
B 2 C 2 D 2
2]
4 Sk & ¥% # o gk
g 15 # # g 154 dkk L 154 "
5 ’:# * * ‘s i * ses 5 ** ses
o 104 2 2 104 * o 104 i I j_-l__
[=] = QK.
o 9 - 3 *%*
8 v|v _{_ | 2 % axfEe % @ .
£ A\ J o E % Y g) *
= — B
3 o 5 T o s &= 7
7] n &
o \| T T T T ‘E' { T L] T T : { ] L] L] T
R S S G RO R ) ¢ °
& & ° & € ° & IR
S f & S ¢ & S o &
L v &L v P
E &° F ¢ G &
‘?’b ‘?~b \?9
15+ 15+ 15+
rho=0.8236 rho=0.5515 rho=0.5103
P<0.0001 °® * P<0.001 b . p<0.01 v -
o 10 . . Y .
¥ ] . ¥ o
'
% ] 4 ) [
= [ ) L ] [ ] = [ ] [ ]
L] L ] L]
e [ ] L ] 2 2 [
) 5 10 15 "o 5 10 15 "o 5 10 15
TLR9 TLR9 Ki67

Figure 3. TLR9 and NF-«B are simultaneously upregulated as CAC develops. (A) IHC was used to analyze the expression levels and localization of TLR9,
NF-kB and Ki67 in colorectal sections obtained from mice in group A. Inflammatory cells (green arrows) and intestinal epithelial cells (red arrows) are
indicated. IHC staining scores of (B) TLR9, (C) Ki67 and (D) NF-«kB in sections of normal control (group D), AIF, CIF, adenoma and adenocarcinoma tissues,
which were obtained as described in the methods section. Scale bar, 50-um. “P<0.05, “P<0.01 and *"P<0.001 vs. control; “P<0.05, P<0.01 and *#P<0.001 vs.
adenocarcinoma. Correlation analysis of (E) TLR9 and NF-kB expression levels, (F) Ki67 and TLRY expression levels and (G) NF-xB and Ki67 expression
levels was conducted using Spearman's rank correlation. Group A, 10 mg/kg azoxymethane and 3% dextran sodium sulfate water; AIF, acute inflammation;
CIF, chronic inflammation; TLR9, Toll-like receptor 9; IHC, immunohistochemistry.

adenocarcinoma tissues (P=0.0331, P=0.0092, P=0.0241 and
P=0.0006, respectively) compared with the expression levels
in the corresponding tissues from the control mice (Fig. 3C).
Interestingly, the expression levels of TLR9 and NF-kB were
discovered to be significantly positively correlated with other
(rtho=0.8236; P<0.0001; Fig. 3E). In addition, a significant positive
correlation was also identified between TLR9 and Ki67 expres-
sion levels (rho=0.5515; P<0.001; Fig. 3F) and between NF-xB
and Ki67 expression levels (tho=0.5103; P<0.01; Fig. 3G).

Downregulated TLR9 expression levels reduces the migration,
viability and colony formation of HT29 cells. To further

investigate the role of TLR9 in CRC, the human CRC cell line
HT?29 was treated with chloroquine (an inhibitor of TLR9)
in vitro. The results revealed that suppressing TLR9 with
chloroquine (at both doses) inhibited the migration, viability
and colony formation ability of HT29 cells in a dose-dependent
manner (Fig. 4A-E). Additionally, lysates were collected from
HT?29 cells treated with either different concentrations of chloro-
quine for 72 h or 25 ug/ml chloroquine for different time periods
(Fig. 4F-1) and western blotting was performed. The analysis
revealed that the expression levels of TLR9, NF-«kB, PCNA,
MyD88 and Bcl-x1 were gradually downregulated in HT29 cells
treated with increasing doses of chloroquine compared with the
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Figure 4. Chloroquine inhibits the migration, viability and colony formation of HT29 cells by inhibiting TLR9. Chloroquine (15 and 25 pxg/ml) inhibited
the migration of HT29 cells in a dose-dependent manner at 48 h compared with the control group, which was determined using a wound healing assay.
(A) Representative images were photographed (magnification x100) and (B) migration rates were calculated. Proliferation rate of HT29 cells was reduced by
chloroquine treatment (15 and 25 pug/ml), which was determined using a colony formation assay. (C) Representative images were photographed and (D) the
relative colony number was analyzed. ‘P<0.05, “P<0.01, ""P<0.001. (E) Viability of HT29 cells was decreased by chloroquine (100, 125 and 150 pg/ml) at 24,
48 and 72 h compared with the control cells, as determined using an MTT assay. (F) Expression levels of TLR9, NF-xB, PCNA, MyD88 and Bcl-x1 in lysates
obtained from HT29 cells treated with numerous concentrations of chloroquine (0, 5, 10, 15, 20 or 25 ug/ml) for 72 h were analyzed using western blotting.
(G) Semi-quantification of the expression levels of the proteins presented in part (F) was performed using ImageJ software. GAPDH was used as the loading
control and for normalization. (H) Expression levels of TLR9, NF-kB, PCNA, MyD88 and Bcl-x1 in lysates obtained from HT29 cells treated with 25 yg/ml
chloroquine for numerous durations (0, 24, 48 or 72 h) were analyzed using western blotting. (I) Semi-quantification of the expression levels of the proteins
presented in part (H) was performed using ImageJ software. GAPDH was used as the loading control and for normalization. (J) TLR9 interacted with the
NF-«B protein in HT29 cells, which was determined using a co-immunoprecipitation assay. Goat anti-mouse IgG antibody was used as the negative control.
All data are expressed as the mean + SD of three independent experiments. "P<0.05, “P<0.01, ““P<0.001 vs. control/0 h. TLRY, Toll-like receptor 9; PCNA,
proliferating cell nuclear antigen; MyD88, myeloid differentiation primary response protein MyD88; IP, immunoprecipitated; IB, immunoblotting.
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control group (Fig. 4F and G). A similar trend was observed in
the expression levels of these proteins as the duration of chlo-
roquine treatment increased (Fig. 4H and I). Thus, these results
indicated that the expression levels of TLR9, NF-kB, PCNA,
MyD88 and Bcl-x1 in HT29 cells treated with chloroquine may
be downregulated in both a dose- and time-dependent manner
(Fig. 4F-1). To verify whether TLRO affected the colorectal
carcinogenesis by interacting with NF-xB, co-immunoprecipi-
tation assay was used to detect the interaction between TLR9
and NF-«B in HT-29 cells. The results revealed that there was
an interaction between TLRY and NF-kB (Fig. 4))

Discussion

Colorectal carcinogenesis is a multi-step process, starting
from normal crypts to aberrant crypt foci, then to polyps,
adenoma and eventually adenocarcinoma (37,38). It has been
reported that individuals with IBD may have an increased
risk of developing CRC, which is directly proportional to the
extent and duration of their disease (39,40). However, the exact
mechanism and duration required for chronic colitis to develop
into adenoma and then adenocarcinoma remains unclear (40).
It has been suggested that patients with IBD have an increased
risk of CRC following the inflammation-dysplasia-carcinoma
model (41), including dysplasia and CRC as primary conse-
quences of chronic inflammation. However, there are currently
still no defined molecular biomarkers or existing monitoring
protocols for detecting the occurrence of a malignant tumor,
except for frequent colonoscopy examinations.

In the present study, an acute colitis-chronic
colitis-adenoma-adenocarcinoma model was successfully
constructed via AOM/DSS induction. Using this model, TLR9
expression levels were discovered to be upregulated as the
severity of the colorectal lesions increased, which indicated
that TLRY protein expression levels may be continuously
activated during colitis-CRC development. TLRO is a critical
protein associated with innate and acquired immunity (42),
and it has been demonstrated to serve a significant role in
the development of colitis (11,43) and sporadic CRC (12,13).
However, the mechanism by which TLR9Y regulates the devel-
opment of CRC remains to be elucidated.

Interestingly, IHC analysis revealed that the expression
levels of NF-xB and Ki67 were simultaneously upregulated
alongside TLR9 expression levels. Notably, inhibiting TLR9
decreased the migration, proliferation and viability of HT29
cells in vitro, and TLR9 expression levels in vivo were identi-
fied to be significantly positively correlated with the expression
levels of NF-«B and Ki67 (a cell proliferation marker) during
the transition from colitis to CRC. The present study further
revealed that the inhibition of TLRY in vitro significantly
downregulated the expression levels of NF-kB, MyD88,
PCNA and the anti-apoptotic protein Bcl-xl in a dose- and
time-dependent manner. Notably, a previous study reported that
TLR9 promoted the tumor-propagating potential of prostate
cancer cells via NF-«xB signaling (22). Thus, the findings of the
present study indicated that TLR9 may promote CAC through
NF-«B signaling. However, these findings may be controver-
sial because other previous studies have revealed that TLR9
agonists exerted an antitumor effect in CRC (14,15,44,45). The
majority of these studies primarily focused on the role of TLR9

in colitis or sporadic CRC, whereas the current study focused
on the role of TLRY in the pathogenesis of CAC to provide
novel targets for the treatment of CAC. For example, altera-
tions in microtubule end-binding protein 1 were identified as
a characteristic of sporadic, but not UC-associated CRC (46),
and in another previous study, the immune profiling patterns
of patients with CAC were significantly different compared
with the patients with sporadic CRC (47).

Chloroquine, a non-specific inhibitor of TLRY, is an old
antimalarial drug (48), which has recently attracted significant
interest for its potential antitumor properties; for example,
numerous studies have reported that chloroquine directly regu-
lated cancer cells by inducing apoptosis, inhibiting autophagy,
interacting with nucleotides, eliminating cancer stem cells and
enhancing the growth of cancer cells (49-51). Chloroquine also
inhibited the expression levels of TLR9 by preventing the acidi-
fication and maturation of the endosomes, and the trafficking of
TLRs (52). Due to the multiple effects of chloroquine on tumor
cells, different concentrations of chloroquine were selected for
use in the present study based on the lowest dose according
to previous studies (49,53), in order to obtain the best possible
results with low toxicity to the cells. In the future, investiga-
tions using small interfering RNA targeting TLR9 should be
performed to determine the effect on the biological processes of
CRC cell lines to further verify the findings of the present study.
Thus, our future studies will focus on investigating the precise
molecular mechanism by which TLR9 participates in the early
occurrence of colorectal carcinogenesis.

In conclusion, the present study developed a CAC animal
model. The findings indicated that TLR9 may be closely asso-
ciated with the process of inflammation-dysplasia-carcinoma
and may impact carcinogenesis by regulating the NF-xB
signaling pathway. These results may provide promising
potential to be developed into an early detection protocol or
therapeutic molecular target for CRC.
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