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Inflammatory bowel disease (IBD), characterized by sustained inflammation, is a latent risk factor of colon tumorigenesis. Silibinin
has been reported to be anti-inflammatory and antineoplastic, but its efficacy on colitis-associated cancer (CAC) has not been
reported. Interlukin-6/signal transducer and activator of transcription 3 (IL-6/STAT3) is the key signaling pathway involved in
CAC. We evaluated the chemopreventive effect of silibinin on a CAC mouse model and determined its impact on IL-6/STAT3
signaling. Intestinal tumor cells (IMCE and HCT-116 cell lines) were also treated by graded concentration of silibinin, and
cellular viability was determined. Silibinin (750mg/kg/day) was administered to an azoxymethane/dextran sulfate sodium
(AOM/DSS) C57BL/6 mouse model for 10 weeks by gavage. Body weight, colon length, and the amount and diameter of colon
tumors were documented, respectively. Specimens were subjected to H&E staining for colitis and tumor scoring,
immunohistochemical staining and terminal deoxynucleotidyl transferase dUTP nick end labeling for proliferation assessment,
and immunofluorescent staining for intestinal mucosa barrier assessment. Production of inflammatory cytokines was
determined by real-time PCR. IL-6/STAT3 pathway activation was evaluated through immunohistochemical staining and
western blot. In the current study, silibinin significantly inhibited the viability of intestinal tumor cells. The production of
inflammatory cytokines and the phosphorylation of STAT3 were both inhibited in intestinal tumor cells. Meanwhile, silibinin
decreased the amount and size of tumors in AOM/DSS mice. Colitis and tumor scores were decreased accompanying with
inhibition of colonic tumor cell proliferation and promotion of cellular apoptosis. Additionally, silibinin could reduce the
production of inflammatory cytokines and attenuate the impairment of colonic mucosal barrier. Furthermore, STAT3
phosphorylation was significantly suppressed by silibinin. In conclusion, silibinin could protect against colitis-associated
tumorigenesis in mice via inhibiting IL-6/STAT3, which showed promising chemopreventive potential of CAC.

1. Introduction

Inflammatory bowel disease (IBD) is becoming a global issue
with accelerating incidence in newly industrialized countries
during the past three decades. Although the incidence is sta-
bilizing in developed countries, it still remains a burden to
the public hygiene [1]. Several studies have confirmed that
IBD patients are at a higher risk of developing colitis-
associated cancer (CAC) than the general population [2–6].

Risk of developing CAC in IBD patients is positively relevant
to disease duration and the severity of inflammation such as
pancolitis [5, 7, 8]. These evidences suggest that there may be
innate correlations between colitis and CAC. Although the
widespread introduction of 5-ASA, corticosteroids, thio-
purine, and TNF-α blockers into clinical practice signifi-
cantly decreased the risk of major surgeries for IBD
patients [9–12], high-quality evidences supporting the che-
mopreventive efficacy of these agents for CAC are either
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controversial or absent [13–18]. It is still inconclusive
whether these drugs can prevent the malignant transfor-
mation of colitis. So ideal agents which can prevent CAC
still remain to be investigated.

IBD is characterized by sustained mucosal inflammation,
which contributes to tumor initiation and progression
because it enhances oxidative stress, promotes epithelium
proliferation, and supports angiogenesis [19, 20]. The
molecular mechanisms by which cancer was triggered and
promoted may differ between CAC and sporadic CRC.
Although CAC and sporadic CRC share common genetic
changes, including silencing of tumor suppressor genes and
aberrant expression of oncogenes as well as genetic instabil-
ity, the classical “normal mucosa-adenoma-carcinoma”
sequence in sporadic CRC progression is not confirmed in
CAC, which originates from inflamed mucosa and pro-
gresses in an “inflammation-dysplasia-carcinoma” sequence
[19–22]. The IL-6/STAT3 pathway has been proved to be a
crucial tumor promoter in CAC [23–27]. IL-6 is predomi-
nantly produced by macrophages and monocytes during
acute inflammation and by T cells during chronic inflamma-
tion. It binds to membrane-bound IL-6 receptor (mIL-6R) or
soluble IL-6 receptor (sIL-6R) to form a complex with
corresponding receptors. Then, the complex interacts with
glycoprotein130 (gp130) and activates the subsequent down-
stream molecules [23]. STAT3 can be activated through
activating with gp130. STAT3 is involved in the modulation
of cellular proliferation and cell cycle. Continuous STAT3
activation can stimulate cell proliferation and prevent apo-
ptosis and consequently trigger tumorigenesis [24]. So agents
targeting IL-6/STAT3 signaling pathway may hopefully
contribute to the prevention of CAC.

As a natural polyphenolic flavonoid extracted from
milk thistle, silibinin exhibits potent antioxidative, anti-
inflammatory, antiproliferative, immunomodulatory, and
antiangiogenesis activities [28–32]. In the past two
decades, researches have explored the efficacy of silibinin
in various cancer cell lines, including skin, prostate, and
lung cancers [30, 33–41], and have also demonstrated its
anticancer effects in colon cancer cell lines such as HT-
29, LoVo, SW480, and COLO205 [42–45]. A study con-
ducted by Velmurugan et al. revealed that Fischer 344 rats
fed with silibinin exhibited decreased aberrant formation
of crypt foci induced by AOM [46]. Moreover, polyps in
ApcMin/+ mice fed with silibinin were also reduced [47].
Nevertheless, to our knowledge, evidences testifying the
antineoplastic property of silibinin in CAC are still lim-
ited. In this study, we demonstrated the chemopreventive
effects and studied associated mechanisms of continuous
silibinin intervention on an AOM/DSS mouse model and
intestinal tumor cell lines.

2. Materials and Methods

2.1. Cell Culture. HCT-116 cells, purchased from the Ameri-
can Type Culture Collection (ATCC, Manassas, USA), were
cultured in DMEMmedium (Gibco, Invitrogen Corporation,
NY, USA) supplemented with 10% heat-inactivated fetal
bovine serum (FBS) (Gibco, Invitrogen Corporation, NY,

USA), 100U/ml benzylpenicillin, and 100μg/ml streptomy-
cin with a pH of 7.4. The cells were maintained in a humidi-
fied atmosphere with 5% CO2 at 37

°C. Immorto-Min colonic
epithelial (IMCE) cell line, stemming from colonic epithelia
of the hybrid between Apcmin/+ mice and Simian vacuolating
virus 40 (SV40) large T antigen transgenic mice, carried both
the Apc gene and SV40 genome and was considered to be a
premalignant cell line [48]. This cell line was kindly provided
by Professor Fang Yan from Vanderbilt University. IMCE
cells were cultured in RMPI 1640 medium (Gibco, Invitrogen
Corporation, NY, USA) supplemented with 10% FBS, 0.05%
interferon-γ, 100U/ml benzylpenicillin, and 100μg/ml strep-
tomycin under a circumstance of 33°Cwith 5% CO2. Silibinin
(purity over than 99%) obtained from Tianjin Tasly Sants
Pharmaceutical Co. Ltd. (Tianjin, China) was dissolved in
DMSO to 0.1M and stored at −20°C. When needed during
experiments, the solution would be diluted with correspond-
ing culture medium to gradient concentrations from 50μM
to 800μM. The concentration of silibinin was confirmed by
Raina et al. to efficiently inhibit the viability of CRC cells
[49]. After being diluted, the concentration of DMSO was
lower than 0.1% and had no impacts on cellular viability
and differentiation. Both cell lines were transferred to 6-
well plates to adhere and reach about 70% confluence and
then starved for 15 h before being stimulated by silibinin
and/or 10μg/ml lipopolysaccharide (LPS) (Sigma-Aldrich,
St. Louis, MO, USA). Cellular lysates were collected for
real-time PCR at 24h and western blot assays at 3 h, 6 h,
12 h, and 24h, respectively.

2.2. MTT Assay. The cells were seeded in a 96-well plate with
a density of 5× 103/well for 24 h. Then, they were inter-
vened with graded concentrations of silibinin from 50 to
800μM for 72 h. After the intervention, 10μl of 0.5mg/
ml MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide] (Sigma-Aldrich, St. Louis, MO, USA) solu-
tion was added for 4 h. Then, the MTT solution and
medium were removed and 100μl DMSO was added to
each well. An ELISA microplate reader was applied to
determine cellular viability via measuring the absorbance
at 570nm.

2.3. Animals and Diets. Six-week-old female C57BL/6 mice,
weighing 18–20 g, were purchased from Beijing Animal
Study Center. The mice were housed under a specific
pathogen-free environment at 22°C and 60% humidity,
with a 12 h light and 12h dark cycle for 7 days to acclima-
tize to the circumstances. They were fed with AIN-93M diet
[50–52] and sterile water. CAC mouse model was induced by
azoxymethane (AOM) and dextran sulfate sodium (DSS).
Female C57BL/6 mice were randomly divided into 3 groups:
control (n = 5), AOM/DSS (n = 15), and AOM/DSS/silibinin
(n = 15). AOM (10mg/kg) was injected intraperitoneally on
day 0 (7 week old). On the same day, the mice were given
2% DSS in drinking water for 7 days, followed by 2 weeks
of AIN-93M diet and water. There are a total of three cycles
of the treatment (7 days DSS+14 day normal water) followed
by a terminal week of normal water. From day 0, silibinin was
administered by gavage (750mg/kg body weight dissolved in
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0.5% carboxymethyl cellulose (CMC)) every day until the
end of the experiment. This dosage of silibinin was previously
described by Rajamanickam et al. [47] and Ravichandran
et al. [53]. This dosage has been proved to be of potent
chemopreventive efficacy upon intestinal tumorigenesis,
and our preliminary experiments certified its efficacy. The
same volume of CMC was administered to the control group.
Tumor development was evaluated on day 70. All the
animals were fasted overnight before sacrifice. All the exper-
imental procedures were conducted according to the guide-
lines of the Institutional Animal Care and Use Committee
at Tianjin Medical University, Tianjin, China.

2.4. Tissue Collection and Measurement of Tumors. Mice
were euthanized by excessive CO2. The whole colon was
immediately excised, and the length and weight of the colon
were measured and documented. Then, they were opened
along the antimesenteric side and the contents were rinsed
with sterile PBS solution. The amount of tumor in each
colon was counted. The size of each tumor was measured
using an Olympus SZX7 stereo dissecting microscope and
classified as small (<2mm), medium (2–4mm), or large
(>4mm). Half of the colon tissue was snap frozen in liq-
uid nitrogen. The other half was Swiss-rolled and fixed
in 10% neutral-buffered formalin and later embedded in
paraffin for the preparation of tissue slices. Tissue sections
were later stained with hematoxylin and eosin (H&E) or
subjected to immunohistochemical staining.

2.5. H&E and Immunohistochemical Staining. Formalin-
fixed, paraffin-embedded colonic specimens were cut into
4μm slices for staining. Afterwards, tissue sections were
deparaffinized in xylene and rehydrated in gradient ethanol.
Then, slices were immersed in 3% hydrogen peroxide for
10min to quench endogenous peroxidase activity. Antigens
were restored in Antigen Unmasking Solution (Vector
Laboratories Inc. Burlingame, CA, USA) for 15min. Five
percent goat serum dissolved in Tris-buffered saline was uti-
lized to block nonspecific binding for 1 h at room tempera-
ture before H&E and immunohistochemical staining.
Expression of Ki-67, IL-6, STAT3, p-STAT3, and F4/80
was detected, respectively, by incubating tissue sections
with primary antibodies rabbit anti-Ki-67 (ab16667,
Abcam, Cambridge, MA, USA), polyclonal rabbit anti-IL-
6, monoclonal rabbit anti-p-STAT3 (Tyr705 phospho-
STAT3), anti-STAT3 (9D8, Thermo Scientific, Beverly,
MA, USA), anti-F4/80, anti-CD68, and rabbit anti-MUC2
(Santa Cruz Biotechnology Inc.) overnight at 4°C, respec-
tively. Washed sections were incubated with corresponding
horseradish peroxidase- (HRP-) labeled secondary anti-
bodies at 37°C for 30min followed by 3,3′-diaminobenzi-
dine incubation for color development. All sections were
observed by the same pathologist (DW) blind to our research
using a light microscope. H&E-stained sections were
examined and subjected to a histological injury score (HIS),
a modified scoring system used by Kennedy et al. [54]
(Table 1). Histological scores ranging from 0 to 15 were
applied to each specimen according to the severity of inflam-
mation. Corresponding to the different morphological

presentation of tumors, these sections were scored as nor-
mal, 0; low-grade dysplasia, 1; high-grade dysplasia, 2; or
invasive adenocarcinoma, 3. At least five fields of
immunohistochemical-stained sections from each group
were observed to calculate the number of positive cells,
and the positive rate was calculated as the ratio of the
amount of positive cells to the total amount of cells in
each field. The positive rate of a certain group was repre-
sented as the average of all the five fields. To be specific,
the positive rate of Ki-67 and p-STAT3 was determined
by counting stained nuclei while cytoplasmic STAT3 stain-
ing was also added up to quantify its positive rate, and
intercellular IL-6 staining was summed in each field to
ascertain the positive rate. F4/80-stained cells in each crypt
were counted, and the ratio of positive cells to the total
cells in one certain crypt was calculated. At least 100
crypts per mouse were observed to calculate the average
ratio, and the positive rate of a certain group was calcu-
lated as the average of each mouse in this group.

2.6. TUNEL Assay. Terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) assay was conducted
to visualize apoptotic cells in colon tumors. Paraffin-
embedded sections were deparaffinized and an in situ cell
death detection kit (Roche Diagnostics, Basel, Switzerland)
was applied to apoptotic nuclei staining according to the
manufacturer’s directions. To quantify cellular apoptosis, five
fields randomly selected from every group were viewed.

2.7. Immunofluorescence Assay. The distribution of zonula
occludens-1 (ZO-1) (Abcam, Cambridge, MA, USA) was
visualized via immunofluorescence assay. Paraffin-embedded
sections were deparaffinized, hydrated, and subjected to antigen

Table 1: Histological injury score.

Enterocyte loss

Normal 0

Loss of single cell 1

Loss of groups of cells 2

Frank ulceration 3

Crypt inflammation

Normal 0

Single inflammatory cell 1

Cryptitis 2

Crypt abscess 3

Lamina propria mononuclear cells

Normal 0

Slight increase 1

Moderate increase 2

Marked increase 3

Neutrophils

Normal 0

Slight increase 1

Moderate increase 2

Marked increase 3

Epithelial hyperplasia

Normal 0

Mild 1

Moderate 2

Pseudopolyp 3
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retrieval. Five percent bovine serum albumin (BSA) (Solarbio,
Beijing, China) was utilized to block nonspecific binding. Then,
the sections were incubated with specific primary anti-ZO-1
antibody overnight at 4°C. Later, these sections were rinsed with
PBS and incubated with Alexa Fluor 488 (FITC) secondary
antibody in the dark for 60 minutes at room temperature. 4,6-
diamidino-2-phenylindole (DAPI) (Sigma-Aldrich, St. Louis,
MO, USA) was later applied to dye the nuclei. Fluorescence
photographs were obtained under a fluorescence microscope
DM5000 B (Leica, Wetzlar, Germany). FITC photos and DAPI
photos were shot in the unified fields and merged by the Leica
LAS AF Lite software version 2.3.

2.8. Periodic Acid Schiff (PAS) Staining. Deparaffinized
colonic sections were incubated with 1% periodic acid solu-
tion (Sigma-Aldrich, St. Louis, MO, USA) for 10min and
later with Schiff reagent (Sigma-Aldrich, St. Louis, MO,
USA) for 40min. After that, these slices were counterstained
with hematoxylin for 2–5min. Each well was rinsed by PBS
solution between every step.

2.9. Real-Time Polymerase Chain Reaction (PCR) Analysis.
Total RNA was extracted from HCT-116 and IMCE cells
and tumor-adjacent tissues utilizing the RNeasy mini kit
(Qiagen, Carlsbad, CA, USA) and conversely transcribed
using the TIANScript reverse transcription kit (TIANGEN
Inc. Beijing, China), respectively. Real-time PCR was con-
ducted to quantify the production of cytokines such as IL-6,
IL-1β, TNF-α, and MUC2. Relevant oligonucleotide primer
sequences were shown in Table 2. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), known as a house-
keeping gene, was used as inner control to normalize the
relative expression of targeted genes at mRNA level. Real-
time PCR was performed using a StepOnePlus real-time
PCR instrument (Applied Biosystems, Carlsbad, CA) follow-
ing the manufacturer’s directions. All cDNA products were
assessed in triplicate. Expression of each transcript was quan-
tified using the standard ΔΔCT method to calculate the fold
changes normalized to corresponding internal controls. The
procedure of PCR was constituted of 30 cycles followed by
a period of 5min at 72°C for final extension. Within each
cycle, the time period and temperature were 94°C for 30s,
60°C for 30s, and 72°C for 90s, respectively. Relative expres-
sion of the genes was calculated using the 2-ΔΔCT method.

2.10. Western Blot Analysis. Colon tumors were excised and
stored at −80°C. Lysate of tumors and cellular lysate of IMCE
and HCT-116 were prepared by sonication and RIPA buffer.
Proteinase inhibitor cocktail (10μl/ml) (Sigma, St. Louis,
MO, USA) and phosphatase inhibitor cocktail (10μl/ml)
(Sigma, St. Louis, MO, USA) were added separately. After
that, the lysate was homogenized and centrifuged (12,000 g,
4°C, 15min). Then, the protein was separated by SDS-
polyacrylamide gel electrophoresis before being transferred
onto a PVDF membrane. Rabbit polyclonal antibodies
(Abcam, Cambridge, MA, USA), anti-p-STAT3 and anti-
STAT3, were adopted to conduct western blot and later
blotted with secondary antibodies (anti-rabbit IgG peroxi-
dase conjugates). β-Actin was selected as internal control to

estimate the overall protein load in cellular lysate. Chemilu-
minescent signal of the PVDF membrane was detected by
ECL (GE Healthcare, Bucks, UK) and visualized by forming
image onto X-ray films. Comparison between the intensity
of targeted bands and the intensity of internal control band
was achieved via an image processor program (ImageJ).

2.11. Statistical Analysis. All continuous variables were
described as mean± SD. Statistical analyses of the multi-
plicity of colon tumors were performed using two-tailed
Student’s t-test using GraphPad Prism version 7.00. Posi-
tive staining rate and the ratio of the relative density of
protein bands were compared via Student’s t-test, respec-
tively. Student’s t-test was also adopted to compare differ-
ences of body weight between the AOM/DSS and AOM/
DSS/silibinin group. P value less than 0.05 was deemed
to be statistically significant.

3. Results

3.1. Silibinin Ameliorated Colitis and Tumor Load in AOM/
DSS Mice. The CAC mouse model was induced by intraper-
itoneal injection of AOM followed by 3 cycles of DSS expo-
sure (Figure 1(a)). Silibinin (750mg/kg daily) did not affect
the survival rate of mice, and 5 mice died (n = 15 − 5) (3 at
week 2, 1 at week 4, and 1 at week 7) before the termination
of the experiment in the AOM/DSS group, while 4 mice from

Table 2: Gene sequences of primers in the present study.

Primers Sequences

Human

GAPDH
Forward: 5′-AGGTCGGTGTGAACGGATTTG-3′
Reverse: 5′-TGTAGACCATGTAGTTGAGGTCA-3′

IL-6
Forward: 5′-TAGTCCTTCCTACCCCAATTTCC-3′
Reverse: 5′-TTGGTCCTTAGCCACTCCTTC-3′

IL-1β
Forward: 5′-GCAACTGTTCCTGAACTCAACT-3′
Reverse: 5′-ATCTTTTGGGGTCCGTCAACT-3′

TNF-α
Forward: 5′-TTCTGCCTGCTGCACCTTGGA-3′
Reverse: 5′-TTGATGGCAGAGAGGAGGTTG-3′

Mouse

GAPDH
Forward: 5′-GAGTCAACGGATTTGGTCGT-3′
Reverse: 5′-TTGATTTTGGAGGGATCTCG-3′

IL-6
Forward: 5′-AGCCAGAGTCCTTCAGAGAG-3′
Reverse: 5′-ACTCCTTCTGTGACTCCAGC-3′

IL-1β
Forward: 5′-GTAATGAAAGACGGCACACCC-3′
Reverse: 5′-GTGCTGATGTACCAGTTGGG-3′

TNF-α
Forward: 5′-TCGAGTGACAAGCCTGTAGC-3′
Reverse: 5′-GGAGGTTGACTTTCTCCTGG-3′

ZO-1
Forward: 5′-GGGCCATCTCAACTCCTGTA-3′
Reverse: 5′-AGAAGGGCTGACGGGTAAAT-3′
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the silibinin group died (n = 15 − 4) (2 at week 2 and 2 at
week 3) during the experiments (P > 0 05). Mice receiving
AOM/DSS lost some body weight at the end of each cycle,
especially after the first cycle. Body weight was gradually
restored within the period of normal water in the first
two cycles, although the mice fell back to their initial body
weight after the third DSS cycle. There was no significant
difference in body weight loss between treatment with sili-
binin and without silibinin (P > 0 05) (Figure 1(b)).

It was observed that colon length challenged by AOM/
DSS was evidently shorter in comparison with that in the
AOM/DSS/silibinin group (P < 0 01) (Figures 1(c) and
1(d)). As expected, several colonic tumors were seen in all
mice receiving AOM/DSS. Silibinin treatment significantly
reduced the incidence and size of lesions (Figures 1(f) and
1(g)). There were significant differences in tumor size
between the AOM/DSS and AOM/DSS/silibinin group
(Figure 1(g)). Colon weight of AOM/DSS mice was heavier
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Figure 1: Silibinin treatment ameliorated colitis and tumor load in AOM/DSS mice. (a) The experimental course of AOM/DSS mouse model.
(b) Body weight changes of all groups after treatment. (c) Macroscopic appearance of colon in the control, AOM/DSS, and AOM/DSS/SB
groups. (d) Colon length after treatment at day 70. (e) Colon weight after AOM/DSS induction at day 70. (f) Colon was opened
longitudinally after sacrifice and the amount of tumors were calculated. (g, h) Histogram showing the size distribution of tumors and
average tumor load. SB: silibinin. n = 5~11 (∗P < 0 05, ∗∗P < 0 01, ∗∗∗P < 0 001, AOM/DSS vs. AOM/DSS/SB).
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than that treated with silibinin at day 70 (P < 0 001)
(Figure 1(e)). Correspondingly, mean tumor load, which
was defined as the sum of diameters of all tumors in a
certain mouse, was reduced in silibinin-treated mice
(Figure 1(h)) (P < 0 001).

3.2. Silibinin Treatment Suppressed Colitis-Associated Colon
Tumorigenesis. Hematoxylin and eosin (H&E) staining
showed that silibinin inhibited the progression of CAC
induced by AOM/DSS (Figure 2(a)). These differences dem-
onstrated that silibinin showed apparent suppressive efficacy
on AOM/DSS-induced colitis and colorectal tumorigenesis.
To be exact, the proportion of high-grade dysplasia in
the silibinin group is smaller than that in the AOM/DSS
group (90% vs. 55%, P < 0 05), and there was a significant
difference between the two groups in tumor score
(P < 0 05) (Figure 2(b)). Additionally, colitis score of the
silibinin-treated group was lower than that of the AOM/
DSS group (P < 0 001) (Figure 2(c)).

3.3. Silibinin Decreased the Production of Inflammatory
Cytokines in Intestinal Tumor Cells as well as the Colon of
CAC Mice. IMCE and HCT-116 cells were incubated with
gradient concentration of silibinin in the absence or presence
of LPS for 24 h. The mRNA levels of proinflammatory cyto-
kines including IL-6, IL-1β, and TNF-α in LPS-stimulated

cells were significantly suppressed by multiple concentration
of silibinin (Figures 3(a) and 3(b)). Together, the IL-6,
IL-1β, and TNF-α productions were also significantly
downregulated by silibinin in the AOM/DSS model
(Figure 3(c)). These data suggested that the inhibition of
inflammation by silibinin played a pivotal role in the pre-
vention of colon tumorigenesis.

3.4. Silibinin Inhibited Cell Proliferation and Apoptosis in
Intestinal Tumor Cells and Tumors of CAC Mice. To
explore the antitumor activities of silibinin, MTT assay
was employed to assess their effects on cell viability in
the IMCE cell line and HCT-116 colorectal cancer cells.
Silibinin concentration-dependently decreased the viability
of IMCE and HCT-116 cells after 72 h exposure. The indi-
vidual IC50 of silibinin was approximately 250μM in
HCT-116 cells and 75μM in IMCE cells (Figures 4(a)
and 4(b)). These results suggested that silibinin had potent
antiproliferative effects in premalignant and cancer cells,
and interestingly the effects were more pronounced in pre-
malignant cells than in cancer cells. Since 100μM silibinin
was enough to exert significant inhibitory efficacy towards
the viability of both HCT-116 and IMCE cell lines accord-
ing to our results, this dosage was selected to stimulate
cells in western blot analysis.
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Figure 2: Silibinin treatment suppressed colitis-associated tumorigenesis. (a) Hematoxylin and eosin (H&E) staining of colon tumor and
colitis in the control, AOM/DSS, and AOM/DSS/SB groups. Scale bars, 50 μm. (b, c) Tumor score and colitis score of each group. SB:
silibinin. n = 5~11 (∗P < 0 05, ∗∗∗P < 0 001, AOM/DSS vs. AOM/DSS/SB).
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Cell proliferation and apoptosis were visualized and
quantified to evaluate colon tumor development in mice.
There was a dramatic decrease in the amount of proliferative
cells within tumors of silibinin-treated mice, compared with
those of AOM/DSS mice (P < 0 001) (Figures 4(c) and
4(d)). The silibinin group showed more apoptotic cells than
the AOM/DSS group (P < 0 05) (Figures 4(e) and 4(f)).

3.5. Silibinin Restored the Impaired Colon Mucosal Barrier
and Alleviated the Infiltration of Macrophages. Immunofluo-
rescent staining was conducted to estimate the distribution of

ZO-1, essential constituents of tight junction protein. The
AOM/DSS group was accompanied with an impaired tight
junction, while silibinin supplementation partly restored
the impaired epithelial tight junction (Figures 5(a) and
5(b)). Goblet cells visualized by PAS staining severely
decreased after AOM/DSS challenge whereas silibinin
supplement significantly protected them from AOM/DSS
destruction (Figures 5(c) and 5(d)). Our results manifested
that silibinin might be efficacious in promoting the differ-
entiation of goblet cells and enhancing the integrity of
intestinal barrier.
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Figure 3: Silibinin decreased inflammatory cytokine production in intestinal tumor cell lines and AOM/DSS mice. (a, b) Real-time PCR was
performed to detect the inflammatory cytokines in intestinal tumor cells. Relative expressions of IL-6, IL-1β, and TNF-α in IMCE (a) and
HCT-116 cells (b) were presented. (c) Relative expression of IL-6, IL-1β, and TNF-α in colonic tumor-adjacent tissue in the control,
AOM/DSS, and AOM/DSS/SB groups. Data were representative of three independent experiments and expressed as mean± SD. SB:
silibinin; ns: not significant. n = 5~11 (∗P < 0 05, ∗∗P < 0 01, ∗∗∗P < 0 001, AOM/DSS vs. AOM/DSS/SB).
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As essential constituents of intestinal immune barrier,
macrophages play a crucial role in the modulation of tumor
microenvironment [55]. F4/80 is a specific immunomarker
of macrophages [56, 57]. In the current study, a dramatic

enhancement in F4/80 expression in colonic tumor-
adjacent tissue of the AOM/DSS group was observed. In the
silibinin group, however, F4/80 expression was significantly
lower than that in the AOM/DSS group (P < 0 001)

150

Silibinin concentration

100

50

50
�휇

M

10
0�휇

M

In
hi

bi
tio

n 
ra

te
%

IMCE

20
0�휇

M

40
0�휇

M

80
0�휇

M

0

50�휇M
100�휇M
200�휇M

400�휇M
800�휇M

(a)

HCT-116
150

Silibinin concentration

100

50

50
�휇

M

10
0�휇

M

In
hi

bi
tio

n 
ra

te
%

20
0�휇

M

40
0�휇

M

80
0�휇

M

0

50�휇M
100�휇M
200�휇M

400�휇M
800�휇M

(b)

Ki-67

AOM/DSS AOM/DSS/SB

(c)

⁎⁎⁎

AOM/DSS AOM/DSS/SB

100

40

80

20

60

Ki
-6

7 
po

sit
iv

e c
el

ls 
%

0

(d)

TUNEL

(e)

⁎

AOM/DSS AOM/DSS/SB

50

20

40

10

30

TU
N

EL
 p

os
iti

ve
 ce

lls
 %

0

(f)

Figure 4: Silibinin supplementation inhibited proliferation and promoted apoptosis in intestinal tumor cells. (a, b) IMCE and HCT-116 cells
were treated with silibinin at indicated concentrations for 72 h, respectively. Cell viability was then determined by MTT assay. Data are
representative of three independent experiments and expressed as mean± SD. (c, d) Colon sections from the AOM/DSS and AOM/DSS/
SB groups were stained with Ki-67 (brown staining). (e, f) Colon sections from the two groups were stained with TUNEL. Green staining
represented apoptotic cells. Scale bars, 50 μm. Positive rate was determined by counting positively stained nuclei in tumor cells at 5
randomly selected fields from each group. SB: silibinin. n = 5~11 (∗P < 0 05, ∗∗∗P < 0 001, AOM/DSS vs. AOM/DSS/SB).
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(Figures 5(e) and 5(f)), which further supported that silibinin
could moderate the infiltration of intestinal macrophages
in mice.

3.6. Silibinin Treatment Downregulated IL-6/STAT3 Pathway
in Intestinal Tumor Cells and Colon Tissues of AOM/DSS
Mice. Silibinin could inhibit LPS-induced cellular STAT3
phosphorylation in vitro. The suppressive effect was not sig-
nificant until 12 h after silibinin supplement. Cellular STAT3
phosphorylation was even completely blocked after 24 h

silibinin coincubation while the total expression of STAT3
was not significantly changed (Figures 6(a)–6(d)). In vivo,
STAT3 phosphorylation was blocked in tumors of the
silibinin group compared with that of the AOM/DSS
group (P < 0 001) (Figures 6(e) and 6(f)). The inhibitory
effect of silibinin was further validated by immunohisto-
chemical staining. Immunohistochemical analysis presented
strong expression of IL-6 and p-STAT3 in intestinal epithelia
of the AOM/DSS group and much lower expression in nor-
mal colonic mucosa (Figures 7(a), 7(b), 7(e), and 7(f)). In
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Figure 5: Silibinin supplementation restored colonic barrier function and ameliorated the infiltration of macrophages. (a) Paraffin-embedded
specimens of colonic tumor-adjacent tissue were subjected to immunofluorescent staining for ZO-1 distribution using an anti-ZO-1 antibody
and a FITC-labeled secondary antibody (green staining). Nuclei were stained with DAPI (blue staining). (b) Real-time PCR analysis of ZO-1
expression in colonic epithelium was also shown. (c, d) PAS staining for goblet cells in tumor-adjacent tissue was shown, and diagrams
presented average positive cells per crypt of each group. (e, f) Expression of F4/80 in tumor-adjacent tissue was assessed using
immunohistochemical staining. The positive rate was determined by counting the absolute number of positive staining in at least 100
colonic crypts of each mouse. Scale bars, 50μm. SB: silibinin. n = 5~11 (∗∗P < 0 05, ∗∗∗P < 0 01, AOM/DSS vs. AOM/DSS/SB).
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Figure 6: Silibinin inhibited STAT3 phosphorylation in intestinal tumor cells. (a) Western blot showed the expression of p-STAT3 and
STAT3 in IMCE cells after incubation with silibinin and/or LPS for 3 h, 6 h, 12 h, and 24 h, respectively. (b) ImageJ was applied to
densitometric analyses to determine the expression of p-STAT3 and STAT3 in IMCE cells, and the data were normalized as relative ratio
to β-actin. (c) The expression of p-STAT3 and STAT3 in HCT-116 cells after incubation with silibinin and/or LPS for 3 h, 6 h, 12 h, and
24 h, respectively. (d) Densitometric analyses to determine the expression of p-STAT3 and STAT3 in HCT-116 cells. (e) Western blot was
also utilized to show the expression of p-STAT3 and STAT3 in the control, AOM/DSS, and AOM/DSS/SB groups. (f) Densitometric
analyses were also involved in quantifying the expression of p-STAT3 and STAT3 in the control, AOM/DSS, and AOM/DSS/SB groups.
SB: silibinin; ns: not significant. n = 5~11 (∗∗P < 0 01, ∗∗∗P < 0 001, AOM/DSS vs. AOM/DSS/SB).

10 Mediators of Inflammation



contrast, CAC mice treated with silibinin exhibited a signifi-
cant decrease in the production of IL-6 and p-STAT3 in
colon tissue compared with the AOM/DSS group while total
production of STAT3 was not affected (Figures 7(c) and
7(d)). All these results indicated that the antineoplastic prop-
erty of silibinin might be at least partially attributed to
suppression upon IL-6/STAT3 signaling pathway.

4. Discussion

Epidemiological studies have already pointed out that up to
18.4% IBD patients may have CRC three decades after their

colitis was diagnosed [58]. Given the accumulatively ascend-
ing incidence of IBD in newly industrialized countries and
the maintenance of high incidence in developed countries
[1], it is essential to prevent tumorigenesis among IBD
patients. 5-ASA, corticosteroids, thiopurine, and TNF-α
blockers, which are extensively used to treat IBD in clinical
practice, were verified by large cohort studies to significantly
reduce or delay the requirement for major surgeries [9–12].
Regretfully, whether these drugs can prevent the trigger and
progression of CAC still remains inconclusive [13–18]. Che-
mopreventive efficacy of herbal agent has been attracting
more attention during the past decade [59, 60], which
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Figure 7: Silibinin downregulated IL-6/STAT3 pathway in AOM/DSS mice. (a, b) The expression of IL-6 in colonic tissues from the control,
AOM/DSS, and AOM/DSS/SB mice was visualized by immunohistochemical staining. The percentage of IL-6 positive staining in five
randomly selected fields of each group was shown. (c, f) STAT3 (c) and p-STAT3 (e) in colonic tissues from the three groups were
detected. Positive rate of STAT3 (d) and p-STAT3 (f) in five randomly selected fields of each group was also presented separately. Scale
bars, 50μm. SB: silibinin; ns: not significant. n = 5~11 (∗∗∗P < 0 001, AOM/DSS vs. AOM/DSS/SB).
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enlightened us to investigate the chemopreventive potential
of herbs. In our study, we demonstrated that silibinin, a
traditional herbal medicine, could suppress the viability of
intestinal tumor cells and inhibit intestinal inflammation
and tumorigenesis induced by AOM/DSS. In addition, the
intestinal barrier function was restored with silibinin supple-
ment. We also investigated possible mechanisms related to
IL-6/STAT3 signaling pathway downregulated by silibinin
both in vivo and in vitro. Thus, our findings suggested that
silibinin might be efficacious against CAC.

Lately the antineoplastic activity of silibinin in CRC
rodent models has been reported. Silibinin decreased prolif-
erating cell nuclear antigen (PCNA) and cyclin D1 expres-
sion and increased cyclin-dependent kinase-interacting
protein 1 (Cip1)/p21 expression in A/J mice administered
with AOM, which indicates its antiproliferative and proa-
poptotic effect [53]. Kauntz et al. also testified the efficacy
of silibinin on a Wistar rat model. Colon from silibinin-
administered rats showed a 2-fold decrease in the amount
of hyperproliferative crypts and aberrant crypt foci compared
with that from their AOM-injected counterparts. Further-
more, silibinin intensified the activity of caspase-3 and down-
regulated the production of antiapoptotic protein B-cell
lymphoma-2 (Bcl-2) [61]. Our study demonstrated that sili-
binin ameliorated colitis and relieved the symptoms in
AOM/DSS mice. Furthermore, administration of silibinin
not only repressed the proliferation of tumors but also
enhanced the apoptosis, resulting in significant difference in
tumor load. To our knowledge, this is the first study focusing
on the efficacy of silibinin using both intestinal tumor cell
lines and a CAC mouse model. Consistent with previous
studies on CRC animal models and cell lines, our results con-
firmed that silibinin could also inhibit tumorigenesis on CAC
animal models and premalignant cell lines despite the differ-
ences in the mechanisms of CRC and CAC. Notably, the
MTT assay indicated that the antineoplastic effects were
more pronounced in premalignant cells than in cancer cells.
This phenomenon suggests that silibinin can be applied not
only in the treatment of neoplasm but also in the prevention.

It has been revealed that defective intestinal barrier is cor-
related to CRC development. Interestingly, 65% of Muc2−/−

mice spontaneously formed intestinal tumors at the age of
12 months. Intestinal specimens of Muc2−/− mice exhibited
absent staining for goblet cells and higher cellular prolifera-
tion with decreased apoptosis compared with those of wild-
type mice [62]. PAS staining and immunohistochemical
staining of human CRC tissue also showed the absence of
goblet cells and MUC2, while both the amount of goblet cells
and the secretion of MUC2 were normal in the tumor-
adjacent tissue [63]. Sangeetha and Nalini manifested that
silibinin could attenuate CRC induced by 1,2-dimethyl
hydrazine in experimental rats, and mucin secretion was
depleted by 1,2-dimethyl hydrazine administration while sili-
binin ameliorated the depletion [64]. Similarly, our data indi-
cated that AOM/DSS severely damaged goblet cells, while
silibinin supplement significantly restored goblet cells and
ZO-1 protein. This implied that CAC is also accompanied
by the destruction to intestinal barriers, and the restoration
of intestinal barriers with silibinin supplement may partly

contribute to its antineoplastic efficacy. Whether silibinin
directly protected goblet cells from destruction or silibinin
upregulated the differentiation from stem cells to goblet cells
remains to be further investigated.

Studies have established the crucial role of IL-6/STAT3
axis in the progression of CAC [23, 24]. IL-6 production is
elevated in IBD patients in both serum and intestinal mucosa
specimens. Excessive activation of STAT3 mediated by
increasing IL-6 enhances the expression of antiapoptotic fac-
tors such as Bcl-2, which contributes to the sustainability of
chronic colitis [26]. Mice with IL-6 ablation exhibited
reduced number, size, and multiplicity of tumors compared
with wild-type counterparts after AOM/DSS exposure.
Moreover, Il6−/− mice exhibited elevated apoptosis and
decreased proliferation in tumor specimens with lower cyclin
D expression and Ki-67 positive rate [27]. STAT3 was also
reported to be excessively phosphorylated in epithelial and
lamina propria cells of IBD patients and in DSS-induced coli-
tis mouse models [65, 66]. Mice with a specific deletion of
STAT3 in enterocytes (Stat3△IEC) developed similar pheno-
types to that of Il6−/−mice, which supported the contribution
of STAT3 in CAC tumorigenesis. Stat3△IEC mice were
almost completely inhibited from the formation of
AOM-induced tumor while the mouse model with STAT3
hyperactivation (gp130Y757F) had even more severe tumor
load after AOM/DSS challenge [25]. In the current study,
we proved that silibinin downregulated the production of
IL-6 and inhibited the phosphorylation of STAT3 both
in vivo and in vitro, which partly explained its inhibitory
effect against CAC formation. We have not determined
whether silibinin downregulates IL-6/STAT3 axis directly
or through other mediators in the current study. Further
researches are still needed to explain how silibinin modu-
lates IL-6/STAT3 signaling pathway.

Taken together, our study demonstrated that silibinin
administration ameliorated colitis and inhibited colitis-
associated tumorigenesis via inhibition of IL-6/STAT3 sig-
naling pathway. Our data might offer evidence for chemopre-
vention of CAC, which suggested that silibinin could be a
promising option for CAC prevention and treatment.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Disclosure

This work was selected to be presented as a poster in the 6th
Annual Meeting of Asian Organization for Crohn’s & Colitis
(poster ID: 884285).

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

12 Mediators of Inflammation



Authors’ Contributions

Rongjuan Zheng and Jiaheng Ma contributed equally to
this work.

Acknowledgments

This study is supported by the grants (81741075 and
81570478) from the National Natural Science Foundation
of China and the grant (17JCYBJC24900) from Tianjin
Research Program of Application Foundation and Advanced
Technology of China.

References

[1] S. C. Ng, H. Y. Shi, N. Hamidi et al., “Worldwide incidence and
prevalence of inflammatory bowel disease in the 21st century:
a systematic review of population-based studies,” The Lancet,
vol. 390, no. 10114, pp. 2769–2778, 2018.

[2] C. N. Bernstein, J. F. Blanchard, E. Kliewer, and A. Wajda,
“Cancer risk in patients with inflammatory bowel disease: a
population-based study,” Cancer, vol. 91, no. 4, pp. 854–862,
2001.

[3] Y. S. Jung, M. Han, S. Park, W. H. Kim, and J. H. Cheon,
“Cancer risk in the early stages of inflammatory bowel dis-
ease in Korean patients: a nationwide population-based
study,” Journal of Crohn's & Colitis, vol. 11, no. 8,
pp. 954–962, 2017.

[4] J. So, W. Tang, W. K. Leung et al., “Cancer risk in 2621
Chinese patients with inflammatory bowel disease: a
population-based cohort study,” Inflammatory Bowel Diseases,
vol. 23, no. 11, pp. 2061–2068, 2017.

[5] L. Lakatos, G. Mester, Z. Erdelyi et al., “Risk factors for ulcer-
ative colitis-associated colorectal cancer in a Hungarian cohort
of patients with ulcerative colitis: results of a population-based
study,” Inflammatory Bowel Diseases, vol. 12, no. 3, pp. 205–
211, 2006.

[6] C. Canavan, K. R. Abrams, and J. Mayberry, “Meta-analysis:
colorectal and small bowel cancer risk in patients with Crohn’s
disease,” Alimentary Pharmacology & Therapeutics, vol. 23,
no. 8, pp. 1097–1104, 2006.

[7] J. A. Eaden, K. R. Abrams, and J. F. Mayberry, “The risk of
colorectal cancer in ulcerative colitis: a meta-analysis,” Gut,
vol. 48, no. 4, pp. 526–535, 2001.

[8] M. Yashiro, “Ulcerative colitis-associated colorectal cancer,”
World Journal of Gastroenterology, vol. 20, no. 44,
pp. 16389–16397, 2014.

[9] M. D. Larsen, N. Qvist, J. Nielsen, J. Kjeldsen, R. G. Nielsen,
and B. M. Nørgård, “Use of anti-TNFα agents and time to
first-time surgery in paediatric patients with ulcerative colitis
and Crohn’s disease,” Journal of Crohn's & Colitis, vol. 10,
no. 6, pp. 650–656, 2016.

[10] C. Alexakis, S. Saxena, V. Chhaya, E. Cecil, V. Curcin, and
R. Pollok, “Do thiopurines reduce the risk of surgery in elderly
onset inflammatory bowel disease? A 20-year national
population-based cohort study,” Inflammatory Bowel Diseases,
vol. 23, no. 4, pp. 672–680, 2017.

[11] C. Rungoe, E. Langholz, M. Andersson et al., “Changes in
medical treatment and surgery rates in inflammatory bowel
disease: a nationwide cohort study 1979-2011,” Gut, vol. 63,
no. 10, pp. 1607–1616, 2014.

[12] V. Chhaya, R. C. G. Pollok, E. Cecil et al., “Impact of early thio-
purines on surgery in 2770 children and young people diag-
nosed with inflammatory bowel disease: a national
population-based study,” Alimentary Pharmacology & Thera-
peutics, vol. 42, no. 8, pp. 990–999, 2015.

[13] S. Sebastian, V. Hernández, P. Myrelid et al., “Colorectal can-
cer in inflammatory bowel disease: results of the 3rd ECCO
pathogenesis scientific workshop (I),” Journal of Crohn's &
Colitis, vol. 8, no. 1, pp. 5–18, 2014.

[14] C. Bezzio, S. Festa, S. Saibeni, and C. Papi, “Chemoprevention
of colorectal cancer in ulcerative colitis: digging deep in cur-
rent evidence,” Expert Review of Gastroenterology & Hepatol-
ogy, vol. 11, no. 4, pp. 339–347, 2017.

[15] C. G. Chapman and D. T. Rubin, “The potential for medical
therapy to reduce the risk of colorectal cancer and optimize
surveillance in inflammatory bowel disease,” Gastrointestinal
Endoscopy Clinics of North America, vol. 24, no. 3, pp. 353–
365, 2014.

[16] N. N. Andersen and T. Jess, “Has the risk of colorectal cancer
in inflammatory bowel disease decreased,” World Journal of
Gastroenterology, vol. 19, no. 43, pp. 7561–7568, 2013.

[17] P. S. Dulai, W. J. Sandborn, and S. Gupta, “Colorectal cancer
and dysplasia in inflammatory bowel disease: a review of dis-
ease epidemiology, pathophysiology, and management,” Can-
cer Prevention Research, vol. 9, no. 12, pp. 887–894, 2016.

[18] A. Lopez, L. Pouillon, L. Beaugerie, S. Danese, and L. Peyrin-
Biroulet, “Colorectal cancer prevention in patients with ulcer-
ative colitis,” Best Practice & Research Clinical Gastroenterol-
ogy, vol. 32-33, pp. 103–109, 2018.

[19] C. Luo and H. Zhang, “The role of proinflammatory pathways
in the pathogenesis of colitis-associated colorectal Cancer,”
Mediators of Inflammation, vol. 2017, Article ID 5126048, 8
pages, 2017.

[20] S. I. Grivennikov, “Inflammation and colorectal cancer: colitis-
associated neoplasia,” Seminars in Immunopathology, vol. 35,
no. 2, pp. 229–244, 2013.

[21] S. H. Itzkowitz and X. Yio, “Inflammation and cancer IV.
Colorectal cancer in inflammatory bowel disease: the role of
inflammation,” American Journal of Physiology Gastrointesti-
nal and Liver Physiology, vol. 287, no. 1, pp. G7–17, 2004.

[22] S. H. Itzkowitz, “Molecular biology of dysplasia and cancer in
inflammatory bowel disease,” Gastroenterology Clinics of
North America, vol. 35, no. 3, pp. 553–571, 2006.

[23] M. J. Waldner, S. Foersch, andM. F. Neurath, “Interleukin-6–a
key regulator of colorectal cancer development,” International
Journal of Biological Sciences, vol. 8, no. 9, pp. 1248–1253,
2012.

[24] J. Han and A. L. Theiss, “Stat3: friend or foe in colitis and
colitis-associated cancer,” Inflammatory Bowel Diseases,
vol. 20, no. 12, pp. 2405–2411, 2014.

[25] J. Bollrath, T. J. Phesse, V. A. von Burstin et al., “gp130-
mediated Stat3 activation in enterocytes regulates cell sur-
vival and cell-cycle progression during colitis-associated
tumorigenesis,” Cancer Cell, vol. 15, no. 2, pp. 91–102,
2009.

[26] R. Atreya andM. F. Neurath, “Involvement of IL-6 in the path-
ogenesis of inflammatory bowel disease and colon cancer,”
Clinical Reviews in Allergy and Immunology, vol. 28, no. 3,
pp. 187–196, 2005.

[27] S. Grivennikov, E. Karin, J. Terzic et al., “IL-6 and Stat3 are
required for survival of intestinal epithelial cells and

13Mediators of Inflammation



development of colitis-associated cancer,” Cancer Cell, vol. 15,
no. 2, pp. 103–113, 2009.

[28] A. Salaritabar, B. Darvishi, F. Hadjiakhoondi et al., “Therapeu-
tic potential of flavonoids in inflammatory bowel disease: a
comprehensive review,” World Journal of Gastroenterology,
vol. 23, no. 28, pp. 5097–5114, 2017.

[29] T. Vezza, A. Rodríguez-Nogales, F. Algieri, M. P. Utrilla, M. E.
Rodriguez-Cabezas, and J. Galvez, “Flavonoids in inflamma-
tory bowel disease: a review,” Nutrients, vol. 8, no. 4, p. 211,
2016.

[30] S. K. Katiyar, “Silymarin and skin cancer prevention: anti-
inflammatory, antioxidant and immunomodulatory effects
(review),” International Journal of Oncology, vol. 26, no. 1,
pp. 169–176, 2005.

[31] K. Raina, S. Kumar, D. Dhar, and R. Agarwal, “Silibinin and
colorectal cancer chemoprevention: a comprehensive review
on mechanisms and efficacy,” Journal of Biomedical Research,
vol. 30, no. 6, pp. 452–465, 2016.

[32] M. Malavolta, M. Bracci, L. Santarelli et al., “Inducers of senes-
cence, toxic compounds, and senolytics: the multiple faces of
Nrf2-activating phytochemicals in cancer adjuvant therapy,”
Mediators of Inflammation, vol. 2018, Article ID 4159013, 32
pages, 2018.

[33] R. P. Singh, K. Raina, G. Deep, D. Chan, and R. Agarwal,
“Silibinin suppresses growth of human prostate carcinoma
PC-3 orthotopic xenograft via activation of extracellular
signal-regulated kinase 1/2 and inhibition of signal transducers
and activators of transcription signaling,” Clinical Cancer
Research, vol. 15, no. 2, pp. 613–621, 2009.

[34] S. C. Chu, H. L. Chiou, P. N. Chen, S. F. Yang, and Y. S. Hsieh,
“Silibinin inhibits the invasion of human lung cancer cells via
decreased productions of urokinase-plasminogen activator
and matrix metalloproteinase-2,” Molecular Carcinogenesis,
vol. 40, no. 3, pp. 143–149, 2004.

[35] K. J. Wu, J. Zeng, G. D. Zhu et al., “Silibinin inhibits prostate
cancer invasion, motility and migration by suppressing vimen-
tin and MMP-2 expression,” Acta Pharmacologica Sinica,
vol. 30, no. 8, pp. 1162–8, 2009.

[36] G. Deep, R. P. Singh, C. Agarwal, D. J. Kroll, and R. Agarwal,
“Silymarin and silibinin cause G1 and G2-M cell cycle arrest
via distinct circuitries in human prostate cancer PC3 cells: a
comparison of flavanone silibinin with flavanolignan mixture
silymarin,” Oncogene, vol. 25, no. 7, pp. 1053–1069, 2006.

[37] R. P. Singh, G. Deep, M. Chittezhath et al., “Effect of silibinin
on the growth and progression of primary lung tumors in
mice,” Journal of the National Cancer Institute, vol. 98,
no. 12, pp. 846–855, 2006.

[38] K. Raina, S. Rajamanickam, R. P. Singh, G. Deep,
M. Chittezhath, and R. Agarwal, “Stage-specific inhibitory
effects and associated mechanisms of silibinin on tumor pro-
gression and metastasis in transgenic adenocarcinoma of the
mouse prostate model,” Cancer Research, vol. 68, no. 16,
pp. 6822–6830, 2008.

[39] R. P. Singh, K. Raina, G. Sharma, and R. Agarwal, “Silibinin
inhibits established prostate tumor growth, progression, inva-
sion, and metastasis and suppresses tumor angiogenesis and
epithelial-mesenchymal transition in transgenic adenocarci-
noma of the mouse prostate model mice,” Clinical Cancer
Research, vol. 14, no. 23, pp. 7773–7780, 2008.

[40] R. P. Singh, G. Deep, M. J. Blouin, M. N. Pollak, and
R. Agarwal, “Silibinin suppresses in vivo growth of human

prostate carcinoma PC-3 tumor xenograft,” Carcinogenesis,
vol. 28, no. 12, pp. 2567–2574, 2007.

[41] P. R. Davis-Searles, Y. Nakanishi, N. C. Kim et al., “Milk thistle
and prostate cancer: differential effects of pure flavonolignans
from Silybum marianum on antiproliferative end points in
human prostate carcinoma cells,” Cancer Research, vol. 65,
no. 10, pp. 4448–4457, 2005.

[42] M. Kaur, B. Velmurugan, A. Tyagi, C. Agarwal, R. P. Singh,
and R. Agarwal, “Silibinin suppresses growth of human colo-
rectal carcinoma SW480 cells in culture and xenograft through
down-regulation of beta-catenin-dependent signaling,” Neo-
plasia, vol. 12, no. 5, pp. 415–424, 2010.

[43] F. S. Hogan, N. K. Krishnegowda, M. Mikhailova, and M. S.
Kahlenberg, “Flavonoid, silibinin, inhibits proliferation and
promotes cell-cycle arrest of human colon cancer,” The Jour-
nal of Surgical Research, vol. 143, no. 1, pp. 58–65, 2007.

[44] S. M. Woo, K. J. Min, S. Kim et al., “Silibinin induces apoptosis
of HT29 colon carcinoma cells through early growth response-
1 (EGR-1)-mediated non-steroidal anti-inflammatory drug-
activated gene-1 (NAG-1) up-regulation,” Chemico-Biological
Interactions, vol. 211, pp. 36–43, 2014.

[45] M. Kaur, B. Velmurugan, A. Tyagi et al., “Silibinin suppresses
growth and induces apoptotic death of human colorectal carci-
noma LoVo cells in culture and tumor xenograft,” Molecular
Cancer Therapeutics, vol. 8, no. 8, pp. 2366–2374, 2009.

[46] B. Velmurugan, R. P. Singh, A. Tyagi, and R. Agarwal,
“Inhibition of azoxymethane-induced colonic aberrant crypt
foci formation by silibinin in male Fisher 344 rats,” Cancer
Prevention Research, vol. 1, no. 5, pp. 376–384, 2008.

[47] S. Rajamanickam, B. Velmurugan, M. Kaur, R. P. Singh, and
R. Agarwal, “Chemoprevention of intestinal tumorigenesis in
APCmin/+ mice by silibinin,” Cancer Research, vol. 70, no. 6,
pp. 2368–2378, 2010.

[48] J. I. Fenton, S. D. Hursting, S. N. Perkins, and N. G. Hord,
“Interleukin-6 production induced by leptin treatment pro-
motes cell proliferation in an Apc (Min/+) colon epithelial cell
line,” Carcinogenesis, vol. 27, no. 7, pp. 1507–1515, 2006.

[49] K. Raina, C. Agarwal, and R. Agarwal, “Effect of silibinin in
human colorectal cancer cells: targeting the activation of NF-
κB signaling,” Molecular Carcinogenesis, vol. 52, no. 3,
pp. 195–206, 2013.

[50] P. G. Reeves, F. H. Nielsen, and G. C. Fahey Jr, “AIN-93
purified diets for laboratory rodents: final report of the
American Institute of Nutrition ad hoc writing committee
on the reformulation of the AIN-76A rodent diet,” The
Journal of Nutrition, vol. 123, no. 11, pp. 1939–1951, 1993.

[51] S. M. Lewis, Z. J. Johnson, M. A. Mayhugh, and P. H.
Duffy, “Nutrient intake and growth characteristics of male
Sprague-Dawley rats fed AIN-93M purified diet or NIH-31
natural-ingredient diet in a chronic two-year study,” Aging
Clinical and Experimental Research, vol. 15, no. 6,
pp. 460–468, 2003.

[52] P. G. Reeves, “Components of the AIN-93 diets as improve-
ments in the AIN-76A diet,” The Journal of Nutrition,
vol. 127, no. 5, pp. 838S–841S, 1997.

[53] K. Ravichandran, B. Velmurugan, M. Gu, R. P. Singh, and
R. Agarwal, “Inhibitory effect of silibinin against
azoxymethane-induced colon tumorigenesis in a/J mice,” Clin-
ical Cancer Research, vol. 16, no. 18, pp. 4595–4606, 2010.

[54] R. J. Kennedy, M. Hoper, K. Deodhar, P. J. Erwin, S. J. Kirk,
and K. R. Gardiner, “Interleukin 10-deficient colitis: new

14 Mediators of Inflammation



similarities to human inflammatory bowel disease,” The British
Journal of Surgery, vol. 87, no. 10, pp. 1346–1351, 2000.

[55] M. R. Galdiero, C. Garlanda, S. Jaillon, G. Marone, and
A. Mantovani, “Tumor associated macrophages and neutro-
phils in tumor progression,” Journal of Cellular Physiology,
vol. 228, no. 7, pp. 1404–1412, 2013.

[56] H. H. Lin, M. Stacey, J. Stein-Streilein, and S. Gordon, “F4/80:
the macrophage-specific adhesion-GPCR and its role in
immunoregulation,” Advances in Experimental Medicine and
Biology, vol. 706, pp. 149–156, 2010.

[57] S. Gordon, J. Hamann, H. H. Lin, and M. Stacey, “F4/80 and
the related adhesion-GPCRs,” European Journal of Immunol-
ogy, vol. 41, no. 9, pp. 2472–2476, 2011.

[58] E. V. Loftus Jr, “Epidemiology and risk factors for colorectal
dysplasia and cancer in ulcerative colitis,” Gastroenterology
Clinics of North America, vol. 35, no. 3, pp. 517–531, 2006.

[59] H. Cao, S. Song, H. Zhang et al., “Chemopreventive effects of
berberine on intestinal tumor development in Apcmin/+
mice,” BMC Gastroenterology, vol. 13, no. 1, p. 163, 2013.

[60] Y. Sun, Y. Zhao, X. Wang et al., “Wogonoside prevents colitis-
associated colorectal carcinogenesis and colon cancer progres-
sion in inflammation-related microenvironment via inhibiting
NF-κB activation through PI3K/Akt pathway,” Oncotarget,
vol. 7, no. 23, pp. 34300–34315, 2016.

[61] H. Kauntz, S. Bousserouel, F. Gosse, J. Marescaux, and F. Raul,
“Silibinin, a natural flavonoid, modulates the early expression
of chemoprevention biomarkers in a preclinical model of
colon carcinogenesis,” International Journal of Oncology,
vol. 41, no. 3, pp. 849–854, 2012.

[62] A. Velcich, W. Yang, J. Heyer et al., “Colorectal cancer in mice
genetically deficient in the mucin Muc2,” Science, vol. 295,
no. 5560, pp. 1726–1729, 2002.

[63] S. I. Grivennikov, K. Wang, D. Mucida et al., “Adenoma-
linked barrier defects and microbial products drive IL-23/IL-
17-mediated tumour growth,” Nature, vol. 491, no. 7423,
pp. 254–258, 2012.

[64] N. Sangeetha and N. Nalini, “Silibinin modulates caudal-type
homeobox transcription factor (CDX2), an intestine specific
tumor suppressor to abrogate colon cancer in experimental
rats,” Human & Experimental Toxicology, vol. 34, no. 1,
pp. 56–64, 2014.

[65] X. Y. Fu, “STAT3 in immune responses and inflammatory
bowel diseases,” Cell Research, vol. 16, no. 2, pp. 214–219,
2006.

[66] A. Suzuki, T. Hanada, K. Mitsuyama et al., “CIS3/SOCS3/SSI3
plays a negative regulatory role in STAT3 activation and intes-
tinal inflammation,” The Journal of Experimental Medicine,
vol. 193, no. 4, pp. 471–482, 2001.

15Mediators of Inflammation


	Chemopreventive Effects of Silibinin on Colitis-Associated Tumorigenesis by Inhibiting IL-6/STAT3 Signaling Pathway
	1. Introduction
	2. Materials and Methods
	2.1. Cell Culture
	2.2. MTT Assay
	2.3. Animals and Diets
	2.4. Tissue Collection and Measurement of Tumors
	2.5. H&E and Immunohistochemical Staining
	2.6. TUNEL Assay
	2.7. Immunofluorescence Assay
	2.8. Periodic Acid Schiff (PAS) Staining
	2.9. Real-Time Polymerase Chain Reaction (PCR) Analysis
	2.10. Western Blot Analysis
	2.11. Statistical Analysis

	3. Results
	3.1. Silibinin Ameliorated Colitis and Tumor Load in AOM/DSS Mice
	3.2. Silibinin Treatment Suppressed Colitis-Associated Colon Tumorigenesis
	3.3. Silibinin Decreased the Production of Inflammatory Cytokines in Intestinal Tumor Cells as well as the Colon of CAC Mice
	3.4. Silibinin Inhibited Cell Proliferation and Apoptosis in Intestinal Tumor Cells and Tumors of CAC Mice
	3.5. Silibinin Restored the Impaired Colon Mucosal Barrier and Alleviated the Infiltration of Macrophages
	3.6. Silibinin Treatment Downregulated IL-6/STAT3 Pathway in Intestinal Tumor Cells and Colon Tissues of AOM/DSS Mice

	4. Discussion
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

