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Introduction: Colitis-associated cancer (CAC) accounts for approximately 15% of IBD
patient mortalities. However, currently available anti-CAC drugs possess many disadvan-
tages including safety, specificity and side effects. Therefore, the development of novel anti-
CAC compounds is imperative. HLJ2 was a monomeric compound synthesized by our
institute and reported to have an effect on ulcer colitis.

Methods: In vivo the AOM/DSS-induced CAC model was used to evaluate the effects of
HLJ2 on ameliorating CAC symptoms, immunohistochemical analysis was used to analyze
the pathological damage to colons and epithelial-mesenchymal transition was for changes of
cytokines. In vitro, flow cytometric analysis, immunofiluorescence and Western blot were
used to detect the inhibition effect of HLJ2 on nuclear factor-kB and epithelial-mesenchymal
transition in TGF-B1-stimulated SW480 cells.

Results: In the AOM/DSS animal model, HLJ2 was demonstrated to inhibit the secretion of
inflammatory cytokines and nuclear factor-xB, levels of tumorigenesis-related proteins
including snail, and finally inhibited a key step in metastasis, epithelial-mesenchymal
transition. In vitro, HLJ2 was also shown to inhibit nuclear factor-kB and epithelial—
mesenchymal transition in TGF-B1-stimulated SW480 cells in accordance with in vivo
results. Meanwhile, the nuclear factor-kB inhibitor could interrupt the effect of HLJ2 on
epithelial-mesenchymal transition.

Discussion: HLJ2 may ameliorate CAC through inhibiting nuclear factor-kB and then
downstream epithelial-mesenchymal transition. The combination of the obvious improve-
ment in effects on CAC without obvious side effects suggests that HLJ2 could be developed
as a potential CAC therapeutic candidate.
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Introduction
Colon cancer is one of the fastest-growing malignancies occurring in recent years.
Colorectal cancer prevalence has shown to be the second highest.'” Human colon
cancer includes familial colorectal polyps syndrome, hereditary nonpolyposis colon
cancer, sporadic colon cancer, and colitis-associated cancer (CAC). The CAC
pathology, the course of disease development and treatments all differ from other
types of colon cancer.’

CAC is currently considered to be one of the leading causes of death in
inflammatory bowel disease (IBD) patients. As early as 1925, it had been reported
that ulcerative colitis (UC) was closely associated with CAC, and that the risk of
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colorectal cancer developing from UC was greater than
that of normal adults in IBD patients.* It is suggesting that
continuous inflammation in the colon promotes the trans-
formation of colonic epithelial cells. Intestinal inflamma-
tion easily relapses and the colon is more likely to become
cancerous.”® Treatments targeted at may provide new
strategies for CAC.’

The CAC pre-lesion microenvironment is often accom-
panied by a large number of inflammatory cells and che-
mokine infiltration, and its tumor malignancy has been
closely tied to the degree of infiltration.® Numerous cyto-
kines act as signaling molecules in the intestinal immune
system and have been demonstrated to participate in the
disruption of the normal state of controlled inflammation.
The nuclear factor-kB (NF-kB) pathway has been demon-
strated to play a critical role in numerous pathological
activities in CAC, primarily through the regulation of the
expression of immune and inflammatory mediators,
including interleukin-6 (IL-6) and transforming growth
factor-beta (TGF-B) secretion.” ' Furthermore, TGF-p
represents one of the most critical induction factors
involved in the regulation of epithelial-mesenchymal tran-
sition (EMT)."? EMT is a critical process during the pro-
gression of “inflammation-cancer” associated with CAC.
When undergoing EMT, epithelial cells lose their cell
polarity, their ability to attach to the basement membrane,
and acquire the ability to achieve high levels of migration,
invasion, anti-apoptosis, etc.

Over recent years, the active ingredients extracted from
traditional Chinese medicine have played a specific role in
CAC treatment. HLJ2 was extracted from berberine and
then modified, and previous results have demonstrated that
it possessed a clear anti-UC effect.'> Due to the close
relationship between UC and CAC, we hypothesized that
HLJ2 may also function to ameliorate the occurrence and
development of CAC.

The above evidence suggest that inflammatory cyto-
kines and related proteins contribute to EMT and then
function to promote the transition of “inflammation-
cancer”’, which plays a critical role in the process of
CAC. In this study, we utilized the azoxymethane
(AOM)/dextran sulphate sodium (DSS) induced the CAC
model to study the effect of HLJ2 on CAC. HLJ2 had
a good effect on CAC mice and effectively alleviated the
tumor burden of CAC mice. Then, we further explored the
anti-CAC mechanism of HLJ2 surrounding NF-xB and
EMT in the “inflammation-cancer” process in vivo and
in vitro.

Materials and Methods

Reagents

DSS was purchased from MP Biomedicals (Santa Ana, CA,
USA), AOM from Sigma-Aldrich (St. Louis, MO, USA),
capecitabine tablets from Chia TaiTianqing Pharmaceutical
Co. Ltd (Nanjing, China), Iscove’s Modified Dulbecco’s
Medium (IMDM) from Sigma-Aldrich (St. Louis, MO,
USA), fetal bovine serum (FBS) from Gibco (Grand
Island, NY, USA), lipopolysaccharide (LPS) from Sigma
Chemical Co. (St. Louis, MO, USA), recombinant Human
TGF-B1 from Whiga (PeproTech Inc., USA), bicinchoninic
acid (BCA) assay kits from Beyotime Biotechnology
(Beijing, China), phycoerythrin (PE)-conjugated anti-
CDl11b, FITC-conjugated anti-Gr-1 and purified mouse Fc
block (anti-CD16/CD32) from ThermoFisher Inc
(Waltham, MA, USA), Enzyme-Linked Immunosorbent
Assays (ELISA) kits for IL-17, TGF-B, IL-6, tumor necrosis
factor-a. (TNF-a) and IL-1PB from eBioscience (Waltham,
MA, USA). NF-xB p-p65, p-STAT3, E-cadherin, snail,
vimentin, and B-actin antibodies were purchased from
Abcam, Inc (Cambridge, MA, USA). Goat Anti-rabbit
IgG/Alexa Fluor 488 and Goat Anti-mouse IgG/Alexa
Fluor 546 were purchased from Whiga (PeproTech Inc,
USA). Goat Anti-rabbit IlgG/HRP antibody was purchased
from ZhongShanJinQiao Biological Technology Co
(Beijing, China). Hoechst 33342 was purchased from
ThermoFisher Inc (MA, USA). JSH23 was purchased
from TargetMol((MA, USA).

Cells and Animals

The human colorectal cell line SW480 was obtained from
the Institute of Basic Medical Sciences, Chinese Academy
of Medical Sciences (Beijing, China), and has been tested.
All cells were cultured in Iscove’s Modified Dulbecco’s
Medium (IMDM) supplemented with 10% FBS, 100 pg/
mL streptomycin, and 100U/mL penicillin at 37°C in
a humidified atmosphere with 5% CO,.

Female C57BL/6 mice (6-8 weeks old) were pur-
chased from the laboratory animal center of Beijing
Huafu Kang Biological Technology Co., Ltd. (Beijing,
China). All animals were housed under controlled condi-
tions (temperature 22 + 1°C, humidity 40-60%, and a 12
h dark/light cycle) with free access to a standard labora-
tory diet and water. All animal care and experimental
procedures were authorized by the Animal Care &
Welfare Committee Institute of Materia Medica,
CAMS&PUMC (Ethics inspection number: 00004611).
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Development of CAC Model and

Treatment Procedure

The procedures used for CAC animal models were
induced by AOM and DSS. In this study, 60 mice were
randomly divided into the following six groups: control
group, model group (AOM/DSS), capecitabine group, low
and high concentration group of HLJ2 (AOM/DSS+HLJ2
treatment), vehicle group (HLJ2 treatment without
AOM/DSS).

Following adapted feeding for 7 days, mice were given
an intraperitoneal injection of AOM (10 mg/kg). One
week later, 3% DSS was added to the drinking water for
7 days followed by a 14-day period of tap water for
recovery. This cycle was repeated for a total of three
times. Capecitabine (250 mg/kg) group was suspended
one week following two weeks of continuous administra-
tion. HLJ2 (25, 50 mg/kg) or the vehicle (50 mg/kg) group
were administrated daily via gavage from the second week
through the end of the ninth week.

Throughout the total experimental periods, the body
weight was measured every week. At the end of the
experiment, after the mice were anesthetized and sacri-
ficed, spleen and colon tissues were processed as follows.
After measuring the spleen weight, spleen cells were col-
lected for flow cytometry analysis. Colon length was mea-
sured and then the colon was slit open longitudinally
along the main axis and washed with phosphate buffer
saline (PBS, pH7.4). The number of tumors in the colon
was recorded, and the diameter of each tumor was mea-
sured using a sliding caliper. The tumor burden of each
colon was then calculated by the square of the mean
diameter multiplied by the number of lesions (adenoma
and adenocarcinoma) evaluated per mouse. The distal
colon tissues (1 cm) were then fixed in 4% paraformalde-
hyde buffer for further histopathological examination and
immunohistochemical analysis. Others were flash-frozen
in liquid nitrogen and maintained at —80°C for Western
blot analysis.

Hematoxylin and Eosin (HE) Staining and

Immunohistochemical (IHC) Evaluations

Colon tissues were fixed in 10% formalin, dehydrated
using graded concentrations of ethanol, embedded in par-
affin, and then sectioned (5 um thick sections). Sections
were then mounted on slides, cleared, and rehydrated.
Tissue sections were stained with H&E as per the standard
method. In the case of IHC studies, colon tissue was

carried out according to standard protocols using antibo-
dies at a 1:100 dilution.

ELISA for Inflammatory Cytokines

The concentrations of IL-18, IL-6, TNF-a, IL-17, and
TGF-B in colon tissues were measured using commercial
Mouse ELISA Kits, respectively, according to the manu-
facturer’s protocols.

Flow Cytometric Analysis of MDSCs
After the spleen was removed from mice, the fat and fascia
tissues were cut out and rinsed with physiological saline.
The spleen was then placed on a 200 mesh screen and
gently squeezed using a syringe core in order to allow
individual cells to enter the solution via the mesh. Single
spleen cell suspensions were stained using specific fluor-
escein-conjugated antibodies and the proportions of differ-
ent cell populations were analyzed using an LSRII flow
cytometer (BD Biosciences, San Jose, CA). For flow cyto-
metric sorting, mouse splenocytes were stained with PE-
conjugated anti-CD11b and FITC-conjugated anti-Gr-1
antibodies (Waltham, MA, USA), and PE-CD11b"/FITC-
Gr-1"-MDSCs (Waltham, MA, USA) were isolated by cell
sorting. All data were analyzed using FlowJo software
(Tree Star, Ashland, OR).

Immunofluorescence

Samples were permeabilized with 1mL Triton for 15 min,
and washed in PBS 3 times. Next, samples were blocked
in ImL 5% BSA for 30 min. Blocking solution was then
removed and 300 pL antibody (1:100, Cambridge, MA,
USA) was added to the sample overnight at 4°C. The
primary antibodies were then removed and the samples
were washed 3 times with PBS. Secondary antibody was
then added to the sample and incubated for 1 hour in the
dark. After samples were then washed 3 times in PBS,
Hochest 33342 was added and incubated in the dark for 15
min. The slides were then washed 3 times with PBS, and
mounted in 50% glycerin. Slides were then covered and
imaged using fluorescence
Inc., USA).

microscopy  (Olympus

Western Blot Analysis

Cell lysates or supersonic lysates of colon tissues were
processed for Western blot analysis as follows. First, lysates
were centrifuged at 12,000 g for 10 min and quantified by
BCA assay. Samples were then boiled at 100 °C for 5 min,
and the supernatants were separated and immunoblotted.
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The membrane was blocked in Tris-buffered saline with
0.1% Tween-20 (TBST) solution containing 5% non-fat
dried milk for 1 h, followed by an overnight incubation at
4 °C with the following antibodies: NF-xB p-p65 (1:2000),
p-STAT3 (1:2000), E-cadherin (1:2000), snail (1:2000),
vimentin (1:2000). Blots were then washed four times for
5 min each in TBST and incubated with secondary HRP-
conjugated goat anti-rabbit or anti-mouse IgGs (1:5000) for
45 min at 37°C. The proteins of interest were visualized
using enhanced chemiluminescence (ECL, Tanon Inc,
Shanghai, China) and the protein bands were detected and
analyzed using Image J software.

Statistics Analysis

Statistical analysis was carried out using GraphPad Prism
5. Data were typically expressed as the mean = SEM.
Differences between groups were analyzed using either
unpaired two-tailed Student’s t-test or one-way ANOVA
with Bonferroni correction. Significance parameters were
set at *P < 0.05, **P < 0.01, compared with the indicated
control group mice, “P < 0.05, *P < 0.01, compared with
the indicated AOM/DSS group mice.

A

Results
HLJ2 Improved Weight Loss, Colon
Contracture, and Decreased Spleen

Index in AOM/DSS Animal Model

HLIJ2 effectively improved weight loss caused by CAC,
and the contracture of colon length induced by AOM/DSS
was also found to be improved by HLJ2 in a dose-
dependent manner (Figure 1A and B). The increased
spleen index induced by AOM/DSS was found to be
reduced by HLJ2 supplementation in a dose-dependent
manner (Figure 1C). It is important to note that HLJ2 did
not appear to cause the similar toxic and side effects of
weight loss as Capecitabine in the therapeutic process,
especially at the 3w, 5w, 6w, 7w, 8w and 9w during the
experiment cycle (supporting information: Table S1).

HLJ2 Ameliorated Tumor Formation and
Inflammatory Damage in AOM/
DSS-Induced CAC Mice

As depicted by HE staining, the majority of the lesions in
the colon were found to be consistent with low-grade
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Figure | Effect of HLJ2 on AOM/DSS-induced CAC mouse model. HLJ2 effectively improved weight loss (A), colon contracture (B), decreased spleen index (C) in AOM/
DSS-induced CAC mice. **P < 0.01 compared with control group; #P < 0.05, *P < 0.01 compared with AOM/DSS group. Mean values + SEM are shown (n=10).
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intraepithelial neoplasia or carcinoma in the AOM/DSS
induced CAC mice group. Inflammation was also observed
to exist in the entire mucosal epithelium and submucosal
lamina propria in the AOM/DSS group tissue. These
results demonstrated that the AOM/DSS animal model
was successfully induced. Administration of HLJ2 (25,
50 mg/kg) and Capecitabine (250 mg/kg) was found to
effectively improve the pathological damage and decrease
the neoplasia (Figure 2A). HLJ2 (25, 50 mg/kg) signifi-
cantly reduce tumor burden, size and number of colorectal
neoplasms compared with AOM/DSS induced CAC model
(Figure 2B).

HLJ2 Showed No Systemic Toxicity

Toxic side effects were evaluated in mice following long-
term administration of HLJ2. First, the vehicle group did
not exhibit any adverse effects on body weight in compar-
ison with the control group (Figure 1A). In addition, there
were no significant differences observed in the histological
distribution in the vehicle group compared with the control
group (Figure 2A). Abnormalities were not observed in
other organs of the mice, including the heart, liver, spleen,
lung, kidney, and brain (Figure 2C). All these data suggest
that HLJ2 did not exhibit obvious systemic toxicity in
mice at the conclusion of the experimental procedure.

HL)2 Inhibited the Expression of NF-kB
and p-STAT3 in Mice Treated with AOM/
DSS

Uncontrolled inflammation is closely associated with
tumor development and metastasis. Persistent inflamma-
tory microenvironment can function to induce tumors by
triggering genetic mutations.'* NF-kB is a key regulator of
innate immune and inflammatory reactions and has been
demonstrated to be a significant endogenous tumor pro-
moter. Under the effect of carcinogenic factors, NF-kB
pathway activation can result in genetic alterations and
STAT phosphorylation.'>

As depicted in Figure 3A, NF-kB p-p65 and p-STAT3
expression levels were obviously increased in the AOM/
DSS-treated model group. This suggests that the NF-xB
and STAT3 pathways may undergo activation in the CAC
model. Compared with that of AOM/DSS-treated model
group, HLJ2 was shown to reduce the expression of NF-
kB p-p65 and p-STAT3Y>’ induced by AOM/DSS.
Immunohistochemical staining also demonstrated the
same inhibition effect of HLJ2 on NF-«kB and STAT3

(Figure 3C). These results demonstrate that HLJ2 may
function to suppress AOM/DSS-mediated activation of
NF-xB and STAT3 signaling.

HLJ2 Attenuated Proinflammatory
Cytokines in Mice Treated with AOM/
DSS

Inflammatory microenvironment which promotes CAC is
generated by the signaling pathway which is mediated by
TNF-o and IL-1p and also leads to other cytokine changes.
Expression levels of the inflammatory cytokines, including
IL-1B, IL-6, TNF-a, TGF-B, and IL-17 in mice treated
with AOM/DSS were increased in comparison with the
control group. HLJ2 can significantly reduce the secretion
of IL-1B, IL-6, TNF-a, TGF-B, and IL-17 in a dose-
dependent manner in comparison with the AOM/DSS
induced group (Figure 4).

HL)2 Decreased the Proportion of
MDSC:s in Spleen of Mice Treated with
AOM/DSS

MDSCs plays a role in tumor immune escape, immune
tolerance, immunosuppression, and other pathological pro-
cesses. In addition, it promotes tumor occurrence and
growth. The effect of HLJ2 on MDSC was analyzed
using flow cytometric analysis of CD11b"Gr-1" cells in
the spleen (Figure 5). HLJ2 was observed to result in
a decreased number of MDSCs in comparison with the
model group. It should be noted that TGF-B1, the primary
effector molecule of MDSCs, was observed increasing in
the model group and decreased by HLJ2 treatment in
a dose-dependent manner.

HLJ2 Inhibited EMT in Mice Treated with
AOM/DSS

EMT plays a critical role in cancer metastasis and is
also an important link in the transition from inflamma-
tion to cancer.'® In this study, EMT regulatory protein
expression levels in the colon tissue were detected by
Western blot analysis and immunohistochemical stain-
ing. As depicted in Figure 6A, a significant down-
regulation of E-cadherin and an up-regulation of snail
and vimentin were observed in AOM/DSS-induced CAC
mice in comparison with the control group, indicating
the occurrence of EMT in the AOM/DSS model group.
HLJ2 treatment was found to dramatically increase
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Figure 2 Effect of HLJ2 on pathology and tumor burden of AOM/DSS-induced CAC mouse mode. (A) Effect of HLJ2 on pathological damage and of colon tissue on AOM/DSS-induced
CAC mouse model (100%). HLJ2 improved the pathological damage induced by AOM/DSS according to the histological assay. (B) HLJ2 (25 and 50 mg/kg) significantly reduced tumor
burden, size and number of colorectal neoplasms. (C) Effect of HLJ2 on the heart, liver; spleen, lung, kidney, and brain in the vehicle group (100x). HLJ2 had no toxic effects on the heart,
liver, spleen, lung, kidney, and brain. **P < 0.0 compared with control group; “P < 0.05, P < 0.01 compared with AOM/DSS group. Mean values + SEM are shown (n=10).
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Figure 4 Inhibition Effect of HLJ2 on inflammatory factors in AOM/DSS-induced CAC mice. ELISA results of colons of all groups: (A) IL-1p, (B) IL-6, (C) TNF-q, (D) TGF-f,
(E) IL-17. HLJ2 effectively inhibited secretion of IL-1p, IL-6, TNF-a, TGF-B, and IL-17. *P < 0.05, **P < 0.01 compared with control group; #P < 0.05, ##P < 0.0] compared
with AOM/DSS group. Mean values + SEM are shown (n=10).

E-cadherin expression and decrease snail and vimentin H|_J2 Inhibited the Expression of NF-xB
expression levels. Similarly, immunohistochemical stain- and STAT3 in LPS-Induced SW480 Cell
ing further confirmed the effects of HLJ2 on snail and | jpe

vimentin expression levels (Figure 6C). Therefore, these  NF-kB p-p65 and p-STAT3 expression levels in SW480
results suggest that HLJ2 can function to suppress EMT  cells were analyzed following HLJ2 treatment and LPS
in the CAC mice model. stimulation (1pg/mL) for 24 h. As depicted in Figure 7,
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blot. HLJ2 significantly up-regulated the expression of E-cadherin and down-regulated the expression of snail and vimentin in AOM/DSS-induced CAC mice. (B) Quantitative

analysis of Western blot results. (C) Immunohistochemical staining of snail and vimentin
#p < 0,01 compared with AOM/DSS group. Mean values + SEM are shown (n=3).

doses of 0.01uM, 0.1uM, and 1uM HLJ2 were observed
to effectively reduce NF-kB p-p65 and p-STAT3 expres-
sion levels in a dose-dependent manner in comparison
with the LPS-induced group. Therefore, these results sug-
gest that HLJ2 could function to restrain the inflammatory
reaction.

HL)2 Inhibited the Expression of EMT
Markers in TGF-B-Induced SW480 Cell
Line

In order to gain further confirmation of the effect of HLJ2 on
EMT during CAC process, we measured changes in

in colons of all groups (100x). **P < 0.01 compared with control group; “P < 0.05,

expression levels of EMT markers in SW480 by Western
blot and immunofiuorescence staining. SW480 cells were
stimulated with TGF-B (10ng/mL) for 48h in order to induce
EMT. As depicted in Figure 8A, E-cadherin was up-regulated
and snail, and vimentin expression levels were decreased by
HLJ2 treatment in a concentration-dependent manner. In addi-
tion, immunofluorescence staining demonstrated that HLJ2
functioned effectively on EMT markers in SW480 cells
(Figure 8B). JSH23, an NF-kB inhibitor could reverse TGF-3
induced EMT. HLJ2 could not display its inhibition effect on
EMT with JSH23 (Figure 8C). These results further confirmed
that HLJ2 may inhibit EMT by the NF-kB pathway.
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Figure 7 HLJ2 inhibited inflammatory pathway in LPS-stimulated SVWW480 cells. Expression levels of NF-kB p-p65 and p-STAT3 in SW480 cells as determined by Western
blot. HLJ2 inhibited expression levels of NF-kB p-p65 and p-STAT3 in SW480 cells. (A) Western blot results, (B) quantitative analysis results of NF-xB p-p65 and p-STAT3
from Western blot. **P < 0.0 compared with control group; “P < 0.05, *P < 0.01 compared with AOM/DSS group. Mean values + SEM are shown (n=3).

Discussion

The AOM/DSS-induced CAC mice model is a stable and
specific model resembling the pathogenesis of human
CAC with good organ selectivity.'” In this study, we
used the AOM/DSS-induced CAC mouse model to study
the efficacy of HLJ2 on CAC. Our results demonstrated
that HLJ2 can effectively inhibit the pathological process
of CAC (Figures 1 and 2). HLJ2 can also improve weight
loss compared to the administration of Capecitabine.
While alleviating CAC without weight loss, HLJ2 was
found to have almost no physiological toxicity or side
effects. On the basis of the effect on CAC, we further
elucidated its mechanism of HLJ2 during inflammatory
carcinogenesis programs.

Intestinal inflammatory reactions play a very critical
role in the process of CAC. NF-«kB signal has been demon-
strated to regulate the conversion of inflammatory lesions
into cancer. It is thought that NF-kB could enable various
factors to maintain an inflammatory microenvironment in
metastatic tumors, leading to the transition from the
inflammatory response to the CAC phenotype.'® STAT3
is highly expressed in intestinal epithelial cells and has

been demonstrated to increase the susceptibility of colonic
epithelium to colitis. HLJ2 was demonstrated to have
a good inhibition effect on the expression of NF-kB and
STAT3 (Figures 3 and 7) in vivo and in vitro.

It has also been shown to increase CAC tumor incidence
by NF-«kB mediating IL-6, IL-1p and IL-17 secretion.'
A significant positive correlation was also observed between
IL-17 and MDSC levels in gastrointestinal cancer patients.
HLJ2 had good effect on IL-6, IL-1p and IL-17 secretion
(Figures 4 and 5). So HLJ2 could effectively inhibit NF-xB
and downstream inflammatory process during the inflamma-
tory carcinogenesis programs of CAC.

EMT is a critical event in the inflammatory-cancer reg-
ulation network and can promote colon cancer invasion,
metastasis, etc.”>' The data in this study demonstrated that
HLJ2 reduced TGF-fB levels in the tissue supernatant of
model mice (Figure 4). In addition, it was found to upregulate
the expression levels of E-cadherin, while inhibiting snail
and vimentin expression levels (Figure 6) in vivo. The effect
of HLJ2 on EMT was further confirmed in vitro in TGF-f
induced SW480 cells (Figure 8). These results demonstrated
that HLJ2 could function to effectively inhibit the
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Figure 8 HLJ2 inhibited EMT-related markers in TGF-B1 induced SW480 cells by NF-kB p65 pathway. (A) The expression of E-cadherin, snail and vimentin in SW480 cells of
all groups as determined by Western blot. HLJ2 (0.01uM, 0.1uM and M) upregulated the expression of E-cadherin and downregulated the expression of snail and vimentin
in SW480 cells in a dose-dependent manner after TGF-f induction. (B) Confocal immunofluorescence microscopy analysis of E-cadherin, snail and vimentin in TGF-B
induced SW480 cells. Scale bar=60pum. Compared with TGF-f3 induced cells, HLJ2 (1 M) enhanced expression of E-cadherin and downregulated the expression levels of snail
and vimentin in SW480 cells. (C) JSH23 reversed the process of EMT and the inhibition effect of HLJ2 on EMT was also not observed with addition of JSH23. *P < 0.05,**P <
0.01 compared with control group; P < 0.01 compared with AOM/DSS group. Mean values + SEM are shown (n=3).

inflammation-cancer transformation through inhibition of
TGF-B-induced EMT. To further determine the effect of
HLJ2 on TGF-f induced EMT by inhibiting NF-xB, JSH23
was used in TGF-B induced SW480 cells. It was shown that
EMT in TGF-f induced cells was reversed by JSH23 inter-
vention. Meanwhile, the effect of HLJ2 on suppressing TGF-
B induced EMT in the SW480 cells has not appeared. These
findings manifested that the HLJ2 inhibiting TGF-f induced

EMT might be by inhibiting NF-«kB signaling. According to
the data described above, HLJ2 was able to effectively
relieve CAC through the inhibition of the inflammation-
cancer chain including NF-kB and inflammatory factors,
and then downstream TGF-B-induced EMT.

It is worthy mentioning that HLJ2 could improve the
weight loss significantly compared to Capecitabine.
Capecitabine, as a commonly used clinical drug, has
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many disadvantages of oral chemotherapy drugs, including
high toxicity and side effects. In contrast to Capecitabine
for CAC, HLJ2 possesses the advantages of high effi-
ciency, a simple administration route, no side effects, low
cost, etc. Therefore, we expect HLJ2 to make up for the
vacancy in clinical treatments for colitis-associated cancer.

Of course, there are still many questions about anti-CAC
mechanism of HLJ2. For example, in this study HLJ2 could
decrease the percentage of MDSCs and the secretion of IL-
17. MDSCs have been shown to function to promote the
proliferation and metastasis of cancer cells through TGF-p-
induced EMT.*'?* So in future, we would investigate the
relation among MDSCs, IL-17 and EMT effected by HLJ2
in order to elucidate its anti-CAC mechanism more clearly.

Conclusions

In summary, HLJ2 was demonstrated to exert positive effects
on the amelioration of CAC. A combination of both in vivo
and in vitro data demonstrated that HLJ2 inhibited the con-
version of inflammation to cancer through inhibition of NF-
«B and STAT3 expression, decreasing TGF-B mediated EMT,
ultimately alleviating carcinogenesis of CAC. Compared with
Capecitabine for CAC, HLJ2 displayed no obvious toxic and
side reaction. Therefore, we expect HLJ2 will be developed
as a candidate drug for the treatment of CAC.
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