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ABSTRACT
Cardamonin (CAD) is a member of the aromatic ketones family that is closely related to anti-
bacterial, anti-inflammatory and anti-cancer effects. Nevertheless, the physiological function of
cardamonin in chronic colitis and colon cancer has not been well verified. We found that
cardamonin treatment alleviates intestinal disease, including recurring colitis and colitis-
associated tumorigenesis, along with the reduced secretion of IL-1β and TNF-α. Further, carda-
monin inhibits cell viability and inflammation factors of colorectal cancer cells in vitro. In tumor
cells, the inhibitory effect of cardamonin on cell proliferation is closely related to decreased
phosphorylation of signal transducers and activators of transcription (STAT) signals. This study
reveals the crucial role of cardamonin in sustaining gastrointestinal homeostasis and offers a new
strategy for colon cancer therapy.
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Introduction

Inflammation is deemed as a biological reaction to
eliminate infection and injury to host. However,
uncontrolled inflammation is a high-risk factor for
colon cancer [1]. Previous studies found patients
with chronic colitis are more susceptible to color-
ectal cancer than the general population [2,3].
Colon cancer is the third common malignant
tumors both in estimated new cases and estimated
deaths worldwide [4]. As the surgical techniques
have developed rapidly, the cure rate and five-year
survival rate after surgery still needs to be further
improved [5]. Although various chemical-based
therapies are carried out in clinical application,
novel agents targeting proliferation-related path-
way are urgently needed for enhancing effective
treatment for colon cancer.

Cardamonin (CAD) is a natural chalcone
extracted from the plant named Alpinia rafflesiana
[6]. It has displayed anti-inflammatory, anti-tumor,
anti-microbial effects as well as other biological
activities. CAD interacts with various cellular signal-
ing including NRF2, ERK, β-Catenin, mTOR and
other targets during tumor progression [7–12].

Also, CAD modulates cell apoptosis via influencing
death receptors and cell survival proteins [13,14].
Recent studies have revealed that CAD decreased
activation of STAT3 and NF-κB [15–18]; these stu-
dies indicate that it may present a new kind of
transcription factor inhibitor. However, the function
and potential mechanism of CAD in chronic colon
inflammation process and colitis-associated carci-
noma remain to be well elucidated.

In our current study, we concentrated on eval-
uating the physiological role of CAD on inflam-
mation and colorectal tumorigenesis. The results
indicate that CAD relieves recurring colitis and
inhibits carcinogenesis via inhibiting STATs path-
way in colon cancer cells.

Materials and methods

Cell lines and chemicals

The human colon cancer cell line HT-29 and SW-
460 were cultured in DMEM (Invitrogen, USA)
containing 10% fetal bovine serum (Invitrogen,
USA) and penicillin/streptomycin (Invitrogen,
USA). All cells were cultured in 5% CO2 at 37°C.
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Cardamonin (Sigma, USA) was dissolved in sev-
eral concentrations and stored at −20°C. Cells
were treated with IL-6 (Sigma, USA) for 30 min.

Induction of colitis and inflammation-associated
tumor

C57BL/6 mice were obtained from Vital River
(Beijing, China). All animal studies were approved
by China Association for accreditation of labora-
tory animal care. The C57BL/6 mice were intro-
duced to 3% dextran sulfate sodium (DSS) for five
days to induce acute colitis. Recurring colitis was
established by three cycles of 2.5% DSS treatment
[19]. To induce colitis-associated colon cancer
(CACC), mice were injected one i.p. of
Azoxymethane (AOM) for 10mg/kg and received
three cycles of DSS exposure (2.5%). Each CAD
group was given CAD (40mg/kg) every other day
throughout the process. The mice were sacrificed
and harvested at the end of each course.

Average clinical score was assessed by weight
loss value, stool consistency and rectal bleeding.
Each value was calculated and get a comprehensive
score [20].

Tumor histopathology and immunofluorescence

The colon of each mouse was removed to analysis
polyp formation as reported in the previous study
[21]. Colon sample was fixed in paraformaldehyde
(4%) and then was entrapped in paraffin for H&E
staining and anti-Ki67 (BD Pharmingen, USA)
immunohistochemical staining. Frozen samples were
incubated with anti-p-STAT3 (BD Pharmingen,
USA) for immunofluorescence staining.

Proinflammatory mediator evaluation

Colon was isolated and the wet weight was mea-
sured. Inflammatory factors from tumor and
supernatants of HT-29 and SW-460 cells were
assayed using enzyme-linked immunosorbent
assay (ELISA).

Quantitative polymerase chain reaction (qPCR)

Total RNA was isolated from samples using Trizol
(Invitrogen, USA) according to instructions from

the manufacturer. qPCR was performed using
SYBR Premix Ex Taq TM Kit (Takara, Japan),
analyzed by 2−ΔΔCt method and normalized to
Gapdh.

Analysis of cell viability

For assay of cell viability, cells (1.0 × 104/well) were
seeded to a 24-well plate. The following day, cells
were exposed to various concentrations of chemi-
cals. One day after incubation, cells were measured
by using Cell Counting Kit-8 (CCK8, Dojindo
Laboratories, Japan).

Western blotting

Cultured cells and dissected transplanted tumors
were collected; protein was extracted using RIPA
lysis buffer (Beyotime, China) supplemented with
cocktail protease inhibitor (biotool, USA).
According to protein concentration tested by
BCA kit (Bio-rad, China). Equivalent amounts of
samples (30μg) were blended with 5× SDS loading
buffer (Beyotime, China) and ddH2O. Samples
were heated at 99°C for 5 min and then ran on
an SDS-PAGE (10%) gel at 115 V for 1.2 h.
Proteins were transferred to a PVDF membrane.
PVDF Membrane was blocked using 5% BSA in
TBST at room temperature for 1 h and incubated
in antibodies p-JAK2 (Y1007), JAK2, p-STAT1
(Y701), STAT1, p-STAT3 (Tyr705), STAT3,
p-STAT5(Y694), STAT5 and β-actin (Cell
Signaling Technology, USA) for 16h at 4°C. The
membrane was washed in 1X TBST and then trea-
ted with appropriate secondary antibodies for 1h
at RT. Membrane was washed in TBST. After
incubation with the ECL Plus system (Amersham
Biosciences, Sweden), signals were determined
using Image Quant LAS 4000 mini system (GE
Healthcare Bio-sciences, England).

Statistical analysis

The significant differences between average values
were confirmed by three independent experi-
ments. Unless otherwise stated, each value repre-
sents mean ±SEM. The results were assessed by
GraphPad Prism 6 (GraphPad Software) and
unpaired t-test, One-way ANOVA tests with
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Bonferroni method was used for multiple compar-
isons between values. Data were considered to be
statistically significant when p value < 0.05.

Results

CAD attenuates experimental colitis in mice

To figure out whether CAD functions as an anti-
inflammatory agent, we attempted to observe the
effect of CAD on acute colitis in mice. Mice were
exposed to 3% DSS for five days to establish an
acute colitis model. During the process, mice with-
out CAD administration showed a reduction in
colonic length (Figure 1(a,b)) as well as weight

loss (Figure 1(c)). The clinical parameters that
reflect disease course (weight loss, hemoccult posi-
tivity and stool consistency) were monitored to gain
clinical scores. A decrease in clinical severity was
detected in the CAD-treated mice (Figure 1(d)).

We next probed the anti-inflammatory role of
CAD on recurring colitis model. Over the course
mice were exposed to 2.5% DSS for three rounds
to induce recurring colitis, after each round of DSS
mice were allowed to recover for two weeks.
During the whole process, animals treated with
CAD exhibited less weight loss compared to mice
received vehicles only (Figure 2(a)), which is in
consistent with the results observed in the acute
model. In colitis model, colon shortening is closely

Figure 1. Effects of cardamonin (CAD) in acute colitis. Wild-type mice were challenged with 3% DSS for five days; CAD (40mg/kg) or
vehicle was administrated every other day starting from day 0. Disease progression was assessed daily. (a) Representative
morphological changes of the colon at day 10. (b) Colon length of mice was measured after sacrifice. *p < 0.05 by ANOVA. (c)
Weight loss was monitored every day. *p < 0.05 by Two-way ANOVA. D Average clinical score including weight loss value, stool
consistency and rectal bleeding. *p < 0.05 by ANOVA. Black bar, 1cm; Data represent means±SEM.
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Figure 2. Cardamonin attenuates the development of recurring colitis. Mice were administrated with three rounds of 2.5% DSS for
five days; each round was followed by two weeks of normal water to induce recurring colitis. (a) Weight change was monitored in
the recurring colitis model. *p < 0.05 by Two-way ANOVA. (b) The length of colon was measured on day 60. *p < 0.05 by ANOVA. (c)
Representative histopathology of colon tissues. Original magnification, ×200. (d-e) Colon was homogenized and amounts of IL-1β
and TNF-α in supernatants were assayed by ELISA. *p < 0.05, **p < 0.01 by ANOVA. Data represent means±SEM.
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related to the progression of the disease. The colon
length from CAD treated group was increased
than those in the DSS group (Figure 2(b)).
Similar to this, histopathology analysis revealed
that CAD protected colons from DSS-induced
severe mucosa damage (Figure 2(c)). CAD treat-
ment during DSS challenge demonstrated signifi-
cantly reduced the release of inflammatory factors
compared to vehicle controls (Figure 2(d–e)).
These results proved that CAD acts as a negative
regulator of inflammation in chronic colitis.

CAD alleviates disease progression in
colitis-associated colon cancer(Cacc)

To observe the function of CAD in the origin and
development of colitis-driven colon carcinoma,
mice were injected with Azoxymethane (AOM)
followed by three rounds of DSS (2.5%) to estab-
lish CACC model (Figure 3(a)). Mice admini-
strated with AOM/DSS showed weight loss
compared to the control group, while CAD inter-
vention group exhibited less weight loss than vehi-
cle treated group (Figure 3(b)). Consistent with
this, the length of colons obtained from CAD
treated mice were longer than vehicle treated
mice (Figure 3(c)). During CACC, levels of multi-
ple inflammatory cytokines were increased. CAD
caused decreased levels of IL-1β and TNF-α in
mice suffering from CACC (Figure 3(d–e)).
These are consistent with previous results obtained
from experimental colitis in mice.

Effects of CAD on tumorigenesis in CACC

CAD treatment decreased colon inflammation in
experimental colitis, and there has been evidence
that colon inflammation is often associated with
colonic tumorigenesis. The number and average
size of macroscopic polyps focus in the colon of
CAD treated mice were decreased compared to
vehicle controls (Figure 4(a,b)). CAD administra-
tion reduced polyps and ulceration structure in the
colon (Figure 4(c,d)). Ki67 staining showed the
percentage of proliferating cells in the colon was
decreased by CAD treatment compared with vehi-
cle group (Figure 4(e,f)); these all suggested the
protective role of CAD in CACC.

In vitro research suggests CAD reduced cell
viability in both HT-29 (Figure 5(a)) and SW-460
cells (Figure 5(b)) while qPCR assay of Ki67 also
supported this result (Figure 5(c,d)). Similar to
in vivo study, CAD treatment also decreased levels
of IL-1β and TNF-α in supernatants of HT-29 cells
(Figure 5(e)) as well as SW-460 cells (Figure 5(f)).

CAD negatively regulates STATs signaling in
colitis-associated tumorigenesis

Previous observations have explored the negative
roles of CAD on signal transducers and activators
of transcription (STAT) proteins among which
STAT3 signaling activation is often associated with
various carcinomas including CACC [22]. Initial
immunofluorescence test showed reduced localiza-
tion of STAT3 in CAD treated group (Figure 6(a)).
To further explore the impact of CAD on STATs
activity, levels of upstream p-JAK2 and p-STATs
were analyzed in colon tissue from mice over the
course of the CACC model. In general, p-JAK2,
p-STAT1, p-STAT3 and p-STAT5 were all
decreased in CAD treated mice compared with
their vehicle controls (Figure 6(b,c)). Together,
these data showed that CAD inhibited STAT1,
STAT3 and STAT5 activation mediated hindering
colon tumorigenesis during CACC.

STAT3 signaling is essential for the protective
role of CAD in colon cancer cells

To further study the role of CAD on STATs during
CACC, we concentrated on the function of CAD in
IL-6 stimulated activation of STAT1, STAT3 and
STAT5 in HT-29 and SW-460 cells. Consistent with
in vivo results, we found that STATs activation
caused by IL-6 stimulation was also suppressed by
CAD (Figure 7(a,b)). Restraining of STATs signals
by CAD caused a decreased secretion of tumor-
associated inflammatory factors in both HT29 cell
line (Figure 7(c)) and SW-460 cell line (Figure7(d)).
A further assay indicated that the reduced cytokines
were associated with decreased cell viability by
CAD in colorectal cancer cells (Figure 7(e,h)).
These data suggested the important role of STAT3
activation during CAD inhibited colon neoplastic
cell proliferation and chemokine secretion.
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Discussion

A recent study has verified the effect of CAD on
inflammation in acute colitis [23]. In accordance
with this, we also confirmed this effect in short
term colitis model. Further, our data suggest that

CAD suppresses recurring colitis and CACC and
negatively regulates STATs signaling.

Inflammation refers to a biological process during
which several molecular arresters are needed to pro-
tect body tissues from excessive responses that lead
to tissue destruction [24–26]. A series of chalcones

Figure 3. CAD can protect mice in colitis-associated colon carcinoma. (a) Experimental protocol for colitis-associated colon
carcinoma model. (b) Weight changes were measured during the whole course. **p < 0.01 by Two-way ANOVA. (c) Length of
the colon on day 90. *p < 0.05 by ANOVA. (d-e) Colon was homogenized and amounts of IL-1β and TNF-α in supernatants were
assayed by ELISA. *p 0.05 by ANOVA. Data represent means ± SEM.

3280 S. HOU ET AL.



including CAD was found to suppress inflammatory
activities that contribute to carcinogenesis [27–30].
In the present study, our data proved that chronic
colitis was attenuated by CAD therapy. Besides, we
assessed the inhibitory effect of CAD on colonic
tumorigenesis in the CACC model, which further
certified that CAD suppresses the proliferation of

colonic tumor cells from an in vivo angle. CAD
decreased both inflammatory factors including
TNF-α in mice-derived macrophages and transcrip-
tion levels of IL-1β, IL-6 and TNF-α in neuroinflam-
matory cells in proinflammatory state [23,31].
Similarly, reduced secretions of IL-1β and TNF-α
in recurring colitis by CAD in our study indicated

Figure 4. CAD attenuates tumorigenesis during CACC. The number (a) and average size (b) of polyps in colons harvested from mice
in the CACC model. (c) Representative histopathology of paraffin-embedded colon sections. (d) Percent of tumor area in
representative histopathology sections by Image pro plus (IPP). (e) Ki67 expression was assessed by IHC from colon tissues.
(f) Percent of Ki67 positive cells in each HPF was quantified by IPP. Scale bar, 50 μm; Data represent means±SEM, *p < 0.05 by two-
tailed Student’s t test.
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Figure 5. CAD inhibits cell proliferation and chemokine secretion in vitro. CAD (30 μM) was given to colon cancer cells. Cell viability
of HT-29 (a) and SW-460 cells (b) was assessed by CCK-8 assay. mRNA levels of Ki67 in HT-29 (c) and SW-460 cells (d) were detected
by qPCR. Levels of IL-1β and TNF-α in supernatants of HT-29 (e) and SW-460 cells (f) were assayed by ELISA. Data represent means
±SEM, *p < 0.05, **p < 0.01 by two-tailed Student’s t test.

3282 S. HOU ET AL.



Figure 6. STAT3 activation was reduced in the colon tumors from CAD group. (a) Immunofluorescence assay showing localization of
activated STAT3 in colon tissue. (b) Levels of p-JAK2, p-STAT1, p-STAT3 and p-STAT5 in colon tissue were analyzed by western
blotting. (c) The western blot data were quantified by using Image J software. Scale bar, 25 μm; Data represent means±SEM,
*p < 0.05, **p < 0.01 by ANOVA.
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Figure 7. Reduction of cell viability and inflammation factors in colon tumor cells was associated with inhibited STAT3 pathway. CAD
was added to HT-29 and SW-460 cell cultures after stimulated by IL-6 (50 ng/ml). Expressions of p-JAK2, p-STAT1, p-STAT3 and
p-STAT5 in HT-29 (a) and SW-460 cells (b) were detected by western blotting. The western blot data of HT-29 (c) and SW-460 cells (d)
were quantified by using Image J software. (e) Levels of IL-1β and TNF-α in supernatants of HT-29 cells were assayed by ELISA. (f)
Levels of IL-1β and TNF-α in SW-460 cells. Cell viabilities of HT-29 (g) and SW-460 cells (h) were analyzed by CCK-8 assay. Data
represent means±SEM, *p < 0.05, **p < 0.01 by ANOVA.
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the anti-inflammation role of CAD. In further
in vitro research, decreased IL-1β and TNF-α level
were closely related to decreased cell viability by
CAD. According to previous research and our data,
CAD is also likely to inhibit inflammation through
affecting cell viability in addition to directly restrain-
ing inflammation. However, the detailed mechanism
underlying the direct and indirect inhibitory role of
CAD on modulating cytokines in inflammation
remains to be further elucidated.

Constitutive STAT family activation is highly
related with inflammation, cell proliferation and
apoptosis [32–40]. Since there is a close link between
the development of chronic inflammation and cancer,
various researches have concentrated upon the dereg-
ulations of STAT3 signaling in various carcinogenesis
processes (includingCACC) [41–44].Given thatCAD
was previously reported to modulating activation of
STATs [22], we detected whether phosphorylated
STAT1, STAT3 and STAT5 were influenced by CAD
both in vitro and in vivo. Our findings indicated that
either cell viability or activation of STAT1, STAT3 and
STAT5 was restrained after CAD administration, the
results support previous studies in which CAD pro-
motes apoptosis through depressing STAT signaling
[45,46]. Besides, decreased amounts of inflammatory
cytokines in CAD treated colon carcinoma cells indi-
cated inhibited STATs activities is necessary for redu-
cing the secretion of tumor-related cytokines in
CACC.

In summary, this study provides evidence for the
anti-tumor role of CAD through negatively modulat-
ing STAT family. Given the well-known relationship
between anti-inflammatory/anti-tumor signals and
homeostasis, our work provides a comprehending of
the role of CAD to identify new agents in dealing with
gastrointestinal disorder problems.
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