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Bilobalide has shown strong anti-infammatory activity. Colorectal cancer (CRC) is closely associated with infammation.
However, no studies have reported on the use of bilobalide for treating CRC.Tis study aims to evaluate the efect of bilobalide on
CRC prevention. Enzyme-linked immunosorbent assay (ELISA), quantitative real-time polymerase chain reaction (RT-qPCR),
Western blotting, and immunofuorescence showed that bilobalide signifcantly inhibits the M2 polarization of macrophages
dependent on phorbol 12-myristate 13-acetate (PMA) and interleukin-4 (IL-4). Analysis of signaling pathways showed that the
phosphorylation of extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), and signal transducer and
activator of transcription 3 (STAT3) was regulated. In particular, human CRC organoids were established. Western blotting,
terminal deoxynucleotidyl transferase biotin-dUTP nick end labeling (TUNEL), and analysis of cell viability and morphology
further supported the hypothesis that the anti-CRC efects of bilobalide could be explained by its ability to suppress M2
macrophage polarization and promote M1 transformation. C57BL/6 mice treated with azoxymethane (AOM)/dextran sodium
sulfate (DSS) were divided into three groups, i.e., control, AOM/DSS, low (2.5mg/kg), and high (5mg/kg). High-dose bilobalide
markedly inhibited the progression of CRC, as evidenced by the increased body weight, decrease in disease activity index (DAI)
death rate, and alleviation of colon length reduction and tumorigenesis. According to the in vivo results, reduced levels of
infammatory cytokines in the serum included tumor necrosis factor (TNF-α), IL-6, IL-1β, and IL-10. Bilobalide reduced oxidative
stress indices, lipid peroxide (LPO), and malondialdehyde (MDA) and increased reduced glutathione (GSH). In addition, the
expression of proliferating cell nuclear antigen (PCNA), Ki67, cellular Myc (c-Myc), and CD206 was downregulated in the drug-
treated groups, as confrmed by the immunohistochemical staining. Collectively, these results indicated that bilobalide ad-
ministration improve experimental CRC by inhibiting M2 macrophage polarization and oxidative stress. Tus, bilobalide may
prevent CRC and serve as a potential therapeutic target for CRC.

Hindawi
European Journal of Cancer Care
Volume 2024, Article ID 6698706, 16 pages
https://doi.org/10.1155/2024/6698706

https://orcid.org/0000-0001-5569-3535
https://orcid.org/0000-0002-8411-312X
https://orcid.org/0000-0002-5587-5520
mailto:faisalraza@sjtu.edu.cn
mailto:deqiang_wang@aliyun.com
mailto:peterxu1974@163.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


1. Introduction

Colorectal cancer (CRC) is the thirdmost common cancer in
men and the second most common cancer in women
worldwide [1, 2]. Ulcerative colitis, familial adenomatous
polyposis, and hereditary nonpolyposis colon cancer syn-
drome are the three highest risk factors for developing CRC
[1]. Increasing evidence has shown that people with in-
fammatory bowel diseases, such as ulcerative colitis and
Crohn’s disease, have a 5- to 10-fold increased risk of de-
veloping CRC [3, 4]. Numerous studies have shown that
persistent infammation promotes tumor formation and
malignant progression [5]. Moreover, a large body of re-
search has focused on the complex infammatory micro-
environment and indicated that targeting infammation may
be an efective strategy for preventing human CRC in pa-
tients with infammatory bowel disease [4, 6, 7].

Tumor-associated macrophages (TAMs) are one of the
most important immune cells in the tumor microenviron-
ment that play a key role in tumor development. Polarization
of TAMs into a tumor-suppressive M1 or a tumor-
promoting M2 phenotype is a fundamental event that is
closely associated with tumor prognosis. In most cancer
cases, TAMs stimulate colon cancer cell growth, invasion,
metastasis, and immune evasion and are usually present in
the M2 polarization state in the tumor microenvironment
[8–10]. CD206, arginase-1 (Arg-1), interleukin-4 (IL-4), IL-
10, and transforming growth factor-β are the main markers
for the M2 phenotype, whereas the M1 markers include
CD11b, inducible nitric oxide synthase (iNOS), IL-12, IL-6,
and tumor necrosis factor-α (TNF-α) [11].

Progress in CRC has continued rapidly in recent years,
and many studies have shown that the regulation of TAMs
can efectively reduce the occurrence of tumors. For ex-
ample, inhibition of M2 macrophage polarization prevents
colitis-associated tumorigenesis [12, 13]. Tese results have
been verifed in the carcinogen-induced azoxymethane/
dextran sulfate sodium (AOM/DSS) mouse model. Te
AOM/DSS model of colon cancer is widely used to in-
vestigate the roles of dietary factors in tumor development
[14, 15].

Meanwhile, a more accurate in vitro CRCmodel that can
physiologically replicate the key features of the human tissue
has attracted increasing attention. Recent three-dimensional
models not only better replicate mechanical stresses of
natural tissue but also are more representative of the
pathophysiological condition than classic monolayer cul-
tures [16, 17]. Organoids are regarded as powerful tech-
nology bridges between conventional two-dimensional
in vitro and in vivo models and have great potential for
preclinical applications, especially in cancer research.
Organoids have been successfully established for multiple
types of cancer, such as stomach [18, 19], colorectal
[18, 20, 21], liver [22, 23], pancreatic [24–26], prostate
[27, 28], breast [29, 30], bladder [31, 32], and ovarian
cancer [33].

Ginkgo biloba, a promising herb, has been used as
a traditional herbal medicine for the past several thousand
years [34, 35]. G. biloba leaf extracts have shown several

biological activities and are suggested to possess antitumor
[36], antiaging [37], hepatoprotective [38], cardioprotective
[39], and neuroprotective properties [40, 41]. In our pre-
vious study [42], we showed that bilobalide, a leaf extract of
G. biloba, alleviated DSS-induced experimental colitis by
inhibiting macrophage polarization of M1 through the
nuclear factor kappa B signaling pathway. Similarly, many
studies have suggested that the anti-infammatory efects of
G. biloba leaf extracts can contribute to the improvement of
cardiovascular and neurological diseases [43–46]. Together,
these fndings demonstrate the anti-infammatory activity of
G. biloba leaf extract. CRC is closely associated with in-
fammation, but no studies have reported on the treatment
of CRC with bilobalide.

Here, we investigate the suppressive efects of bilobalide
on M2 macrophages and further examine the ability of
bilobalide to prevent CRC in organoids and models of
AOM/DSS mice. Te fndings of the present study improve
our understanding of the anticancer efects of bilobalide and
may contribute to the development of therapeutics
against CRC.

2. Results

2.1. Bilobalide Inhibits M2Macrophage Polarization In Vitro.
As shown in Figure 1, bilobalide signifcantly reduced IL-10
and Arg-1 expression in a dose-dependent manner. Similar
to the RT-qPCR analysis (Figure 1(b)), bilobalide signif-
cantly inhibited M2 markers (CD206, CCL22, fbronectin 1,
and Arg-1) in a dose-dependent manner. We then de-
termined the efect of bilobalide on the protein expression of
representative M2 markers by Western blotting and im-
munofuorescence and found that bilobalide signifcantly
decreased the levels of M2 markers (Figures 1(c) and 2(a)).

TAM can be classifed into two phenotypes: M1 and M2.
Briefy, M1 macrophages kill tumor cells, whereas M2
macrophages promote tumor growth. TAMs are usually
present in the M2 polarization state in the tumor micro-
environment. We hypothesized that the suppression of M2
macrophages by bilobalide may inhibit the progression
of CRC.

To determine whether bilobalide inhibits M2 macro-
phage polarization and identify potential pathways that
could be regulated, we used the M2 macrophage model of
macrophages to identify. As shown in Figure 2(b), STAT3,
JNK, and ERK phosphorylation in THP-1 cells was elevated
after PMA/IL-4 treatment. We found that bilobalide
inhibited STAT3, JNK, and ERK activation in a concentra-
tion-dependent manner.

2.2. Bilobalide Suppresses CRC Organoid Growth In Vitro.
As shown in Figures 3(a) and 3(b), we cocultured CRC
organoids and macrophages and monitored the formation
and growth of CRC organoids for 10 days.TeM2 group was
the coculture group, and in addition to M2 macrophages,
10 μM bilobalide was added to the Bil +M2 group. Specifc
markers (SRY-box transcription factor 9 and Ki67) of the
CRC organoids were highly expressed (Figure S1-A),
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demonstrating the successful establishment of CRC orga-
noids. Analysis of the CRC organoid images on days 1, 3, 6,
and 10 revealed distinct diferences in their morphology.Te
images showed that bilobalide treatment dramatically
inhibited the growth of CRC organoids compared to the M2
and blank groups. Te size of CRC organoids was smaller in
the group treated with bilobalide than in the M2 or blank
groups.

As shown in Figure 3(c), the cell viability of the M2
group was higher than that of the blank and Bil +M2 groups.
Te viability of the CRC organoids was signifcantly reduced
in the bilobalide-treated group compared to the blank or M2
groups. As shown in Figure 3(d), the diameter of CRC
organoids in the blank and M2 groups increased remarkably

with time. However, there was no signifcant change in the
organoid diameter of the Bil +M2 group. Te change in
organoid diameters may be explained by cellular re-
organization. Importantly, bilobalide alone had little efect
on the viability of CRC organoids (Figure S1-B).

Tese data indicated that bilobalide had an inhibitory
efect on human patient-derived CRC organoids. It is
plausible that the inhibitory efect of bilobalide may have
been due to the suppression of M2macrophage polarization.

2.3. Bilobalide Inhibits Infammation and Promotes Apoptosis
to Restrict CRC Organoid Growth In Vitro. Based on the
aforementioned results, an ELISA was performed to
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Figure 1: Bilobalide inhibits M2 macrophage polarization. (a) Concentration of IL-10 and Arg-1, ∗P< 0.05 and ∗∗P< 0.01 compared with
the Bil-PMA/IL-4+ group. (b) Te mRNA levels of markers of M2 polarization of macrophages (CD206, CCL22, fbronectin 1, and Arg-1),
∗∗P< 0.01 compared with the Bil-PMA/IL-4+ group. (c) Protein expression of CD206, Arg-1, and β-actin, ∗∗P< 0.01 and ##P< 0.01
compared with β-actin.
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measure cytokine levels in the culture supernatant. As
shown in Figure 4(a), there was an increase in IL-10
concentration in the coculture system (M2 group). How-
ever, bilobalide treatment (Bil +M2 group) caused a de-
crease and increase in IL-10 and TNF-α concentration,
respectively.

Meanwhile, Western blot analysis of the expression
levels of cell apoptosis-associated proteins (Figure 4(b))
showed that the apoptotic markers B-cell lymphoma 2-
associated X protein (Bax) and caspase 3 were markedly

upregulated in the M2 and Bil +M2 groups, whereas B-cell
lymphoma 2 (Bcl-2) protein expression levels were sup-
pressed. TUNEL staining (Figure 4(c)) showed that the
proportion of CY3-positive cells (undergoing apoptosis)
in bilobalide-treated organoids was signifcantly higher
than that in the other groups.

Tese data suggest that bilobalide inhibited the viability
of CRC organoids and induced apoptosis, which may be
attributed to the transformation of M2 macrophages to the
M1 phenotype.
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Figure 2: Bilobalide inhibits M2 macrophage polarization and detection of some pathways. (a) Immunofuorescence of CD206 and Arg-1.
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2.4. Bilobalide Prevents Intestinal Tumorigenesis in Mice.
To investigate the ability of bilobalide to prevent CRC
formation, we established intestinal tumorigenesis in AOM/
DSS mouse models (Figure 5(a)) and then monitored body
weight, survival rate, and tumor incidence in these animals.
As shown in Figure 5(b), there was a signifcant decrease in
the body weight of mice from the AOM/DSS-treated group
compared to that from the control group (drinking water).
In addition, bloody stools were observed in the AOM/DSS
group. However, compared to the AOM/DSS-treated
groups, the body weights of mice from the treatment
groups improved signifcantly after bilobalide (2.5 or 5mg/
kg, i.g.) treatment. Furthermore, mice treated with 5mg/kg
bilobalide showed greater weight recovery than mice that
received a 2.5mg/kg dose. According to Figure 5(c), bilo-
balide treatment remarkably improved survival in mice.
Specifcally, the survival rates were 80% and 90% for mice
treated with 2.5mg/kg and 5mg/kg bilobalide, respectively.

Te incidence (percentage of mice with colon adenomas)
of colorectal tumors in AOM/DSS-treated mice was of 100%
(Figure 5(f )), and the tumor size was 3.34± 0.30mm
(Figure 5(e)). Bilobalide treatment signifcantly decreased
the colon adenoma incidence (25% for 2.5mg/kg and
66.67% for 5mg/kg) and tumor size (9.53% for 2.5mg/kg
and 44.24% for 5mg/kg) (Figure 5(e)). In particular, DSS
administration resulted in a notable decrease in colon
length, while bilobalide treatment signifcantly improved
colon contractibility (Figure 5(g)). Bilobalide dose de-
pendently decreased the colon weight/length ratio in mice
with AOM/DSS-induced colitis.

Collectively, these results demonstrate that bilobalide
could protect mice against AOM/DSS-induced colitis-
associated tumorigenesis, which may be attributed to the
anti-infammatory and antitumor properties of bilobalide.

2.5.Efect ofBilobalideonHistologicalAlterationandCytokine
Levels. Next, we evaluated histological alterations in the
colorectum to confrm the anticarcinogenic efect of bilo-
balide. As shown in Figure 5(h), it shows the normal
structure of the colon, without infltration of infammatory
cells in the control group. In the AOM/DSS group, tumor
tissue is inside the colonic mucosa, with a small amount of
necrotic tissue in the middle of the tumor. Furthermore, the
colon tissue showed dense glands, a sieve-shaped pore
structure, obvious atypical hyperplasia of glandular epi-
thelial cells, obvious nuclear enlargement and pathological
mitosis, and infltration of infammatory cells into the
stroma, according to the signs of adenoma (tubular ade-
noma). However, the 5mg/kg dose group showed tumor
tissue in colonic mucosa, but with less atypia, and the
structural change of colon was not obvious in most cases,
and the glands were arranged neatly in most cases.

As indicated in Figure 6(a), ELISA was performed to
evaluate the serum levels of proinfammatory cytokines. We
observed that the concentration of proinfammatory cyto-
kines (TNF-α, IL-1β, and IL-6) in AOM/DSS mice was
signifcantly higher than that in normal mice. Changes in
cytokine levels were substantially reduced in mice in the
treatment group compared to those in the AOM/DSS control
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Figure 4: Bilobalide enhanced the apoptosis of the CRC organoids by inhibiting the polarization of M2macrophages. (a)Te concentration
of IL-10 and TNF-α in the supernatants, ∗∗P< 0.01 compared with the M2 group. (b) Relative expression of apoptosis-associated proteins,
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group when bilobalide (2.5 and 5mg/kg) was administered. In
particular, there was a decrease in the concentration of IL-10
after the administration of bilobalide. Meanwhile, the activity
of MDA, LPO, and GSH was also measured as shown in
Figure 6(b). Compared to the control and AOM/DSS groups,
AOM/DSS alone caused a signifcant increase in MDA and
LPO while decreasing the GSH content. Coadministration of
bilobalide (2.5 and 5mg/kg) with AOM/DSS reduced the level
of MDA and LPO while increasing the level of GSH. Overall,
these fndings showed that bilobalide could efectively relieve
symptoms in the AOM/DSS mouse model, which may be due
to the inhibition of M2 polarization and suppression of in-
fammation and oxidative stress.

2.6. Macrophage Polarization Is Involved in the Preventive
Efects of Bilobalide. To further verify our fndings on the
ability of bilobalide to prevent colorectal carcinoma, we
performed immunohistochemical staining to examine the
expression of cancer genes andmacrophage subtypemarkers
in colon tumors. Protein levels of Ki67, PCNA, c-Myc, and
CD206 in colon tissues were lower in mice in the bilobalide
group than in mice in the AOM/DSS-induced colitis group
(Figure 6(c)).

Tus, the anticancer efect of bilobalide is associated with
the regulation of macrophage polarization in the intestinal
microenvironment, and the inhibition of M2 polarization is
critical for the prevention of CRC.

3. Discussion

Tumor environments have been shown to afect cancer cell
progression. TAMs can be classifed into two phenotypes
based on their polarization: tumor-suppressive M1 and
tumor-promoting M2 macrophages. Generally, macrophage
polarization in the M2 phenotype is a fundamental event
closely associated with tumor prognosis. Some studies in-
dicate that the longer the course of the disease, the higher the
risk of tumorigenesis. Additionally, chronic infammation
has been shown to promote the development of cancers like
CRC [47–50]. Similarly, the M2 phenotype is an important
risk factor for CRC development. Te present study suggests
that suppression of M2 polarization is a promising alter-
native to prevent CRC in AOM/DSS C57BL/6 models, which
are commonly used to investigate the roles of some factors
in vivo [11]. Increasing evidence indicates that extracts from
traditional herbal medicines, such as isoliquiritigenin
(extracted from licorice) [13], the active fractions ofGarcinia
[12], triptolide [51], andG. biloba extract [52] can participate
in the CRC process by regulating TAMs. For example,
isoliquiritigenin efectively inhibits colitis-associated tu-
morigenesis by blocking the polarisation of M2 macro-
phages by negatively regulating PGE2 and IL-6 signaling
[13]. YTE-17, the active fractions of Garcinia, signifcantly
decreased colitis-associated tumorigenesis by regulating M2
macrophage polarization [12]. Our results showed that Bil
also inhibits M2 macrophage polarization and suppresses
the progression of CRC. Interestingly, our study tested the
efects of Bil on colon cancer development by using two

models: CRC organoids/THP-1 coculture model and the
AOM/DSS-induced CRC model. With the advantage of
three-dimensional culturing, organoids have been estab-
lished and regarded as miniatures of in vivo tissues and
organs [53]. Organoids can serve as experimental and
preclinical models due to their ability to recapitulate some of
the key structural and functional features of organs ex vivo.

In our study, THP-1 cells were polarized into the M2
phenotype using 100 μg/mL PMA and 20 μg/mL IL-4. Po-
larized M2 macrophages were treated with bilobalide. Te
results of ELISA, qPCR, Western blotting, and immuno-
fuorescence showed that the markers of macrophages M2
(Arg-1, IL-10, and CD206) were signifcantly suppressed.
Meanwhile, the expression of p-ERK, p-JNK, and p-STAT3
decreased in a dose-dependent manner after the adminis-
tration of 2.5mg/kg and 5.0mg/kg, indicating that bilobalide
inhibited STAT3, JNK, and ERK signaling pathways.
STAT3, ERK, and JNK play critical roles in the transcrip-
tional regulation of genes that encode infammatory me-
diators. Consequently, the phosphorylation of STAT3, JNK,
and ERK in THP-1 cells was suppressed by bilobalide, in-
dicating that bilobalide is involved in the regulation and
attenuation of infammation. Similarly to Hua Sui’s work
[13], the present study shows that Bil may block M2 mac-
rophage polarisation more signifcantly by downregulating
JNK, STAT3, and ERK signaling.

Organoids serve as a bridge for in vitro and in vivo re-
search. Terefore, CRC organoids were cultured to investigate
the relationship between M2 polarization and CRC. After
culturing of CRC organoids, M2 macrophages obtained after
treating THP-1 cells with PMA/IL-4 were cocultured with
CRC organoids (M2 group).We detected the average diameter
of the organoids on days 1, 3, 6, and 10 and observed visible
inhibition of organoid growth in the Bil +M2 group. Cell
viability for the Bil +M2 group on day 10 was signifcantly
decreased compared to that for the blank and M2 groups. On
day 10, we observed a nonsignifcant decrease in the cell vi-
ability of the M2 group compared to that of the blank group.
Te change in the M2 group was associated with the mutual
promotion of the microenvironment obtained from M2
phenotype and tumors. Based on these results, we concluded
that the viability of bilobalide-treated CRC organoids showed
signifcant suppression. Regarding infammatory cytokines, it
was obvious that there was an increase in the levels of IL-10 in
the coculture group. Bilobalide remarkably inhibited TAM
expression by suppressing IL-10, which is considered themain
M2marker, and upregulating themainM1markers, including
TNF-α. Meanwhile, apoptosis levels were assessed byWestern
blotting and TUNEL staining in the three groups (blank, M2,
and Bil +M2 groups). Te proportion of fuorescein-positive
cells was indicative of apoptosis. Tere was an increase in the
ratio of TUNEL-positive cells in the Bil +M2 group compared
to that in the blank andM2 groups. Furthermore, it was worth
exploring the anticancer mechanism of bilobalide based on
CRC organoids.

Te results of the AOM/DSS mouse model confrmed
the inhibitory efects of bilobalide on CRC. Treatment with
bilobalide (especially with 5mg/kg) could signifcantly
prevent colon length shortening, prolong survival rate,
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Figure 6: Bilobalide improved AOM/DSS mice model as detected ELISA and immunohistochemical staining. (a) Changes in the con-
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PCNA, c-Myc, and CD206 in the IHC of colonic tissues. ΔP< 0.01 compared with the AOM/DSS group; ∗∗P< 0.01 compared with the
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improve the decrease in disease activity index (DAI) death
rate, and prevent the loss of body weight. Te coexistence of
oxidative stress and infammation accelerates neoplastic
transformation [54]. In this study, the decreased MDA and
LPO level with a concomitant upregulation in GSH level also
indicated the successful suppression of oxidative stress in the
colon of AOM/DSS mice treated to bilobalide. Treatment
with bilobalide caused a downregulation in the levels of
proinfammatory cytokines (TNF-α, IL-1β, and IL-6).
However, compared to the normal group, there was an
increase in the levels of IL-10 in the AOM/DSS group and
decreased after treatment with bilobalide, which may be due
to the inhibition of M2 polarization. TNF-α and IL-6 are
responsible for inducing the M1 phenotype, whereas IL-4
and IL-10 are M2-polarizing cytokines. Furthermore, the
immunohistochemical staining results revealed that com-
pared to the AOM/DSS group, the expression of PCNA,
Ki67, c-Myc, and CD206 was downregulated in the
bilobalide-treated groups. Collectively, these fndings in-
dicated that bilobalide treatment could suppress M2 po-
larization and promote the transformation of M1
macrophages, which could alleviate infammation and ox-
idative stress and prevent CRC.

In summary, bilobalide could efectively hamper the
progression of CRC. Te ability to restrain M2 macrophage
polarization and inhibition of infammation and oxidative
stress suggests that bilobalide is a promising preventive or
protective agent for attenuating CRC.

4. Materials and Methods

4.1. THP-1 Cell Culture and Polarization. Te bilobalide was
purchased from MedChemExpress Inc. Te human
monocytic THP-1 cell line was purchased from American
Type Culture Collection (Rockville, MD) and cultured in
Roswell Park Memorial Institute developed 1640 medium
(Gibco, Grand Island, NY) containing 10% fetal bovine
serum (Gibco, Grand Island, NY) and 1% penicillin-
streptomycin at 37°C and 5% CO2 for 5 days. Te macro-
phages were washed twice with phosphate-bufered saline
(PBS), prior to culturing the cells in fresh Roswell Park
Memorial Institute developed 1640 medium supplemented
with 10% fetal bovine serum, 100 ng/mL PMA (M0), and
20 ng/mL IL-4 (M2 polarization) for 24 h.

4.2. Infammatory Biomarkers and Biochemical Assays.
Te enzyme-linked immunosorbent assay (ELISA) kits
obtained from Yubo Co. Ltd. (Shanghai, China) were used to
quantify the levels of TNF-α, IL-1β, IL-6, IL-10, IL-4, and
Arg-1 in the supernatant and animal sera.

Te total protein content was determined by bicincho-
ninic acid assay (BCA assay) (SolarBio, Beijing, China).
Lipid peroxide (LPO) levels, malondialdehyde (MDA) ac-
tivity, and reduced glutathione (GSH) activity were analyzed
using commercially available assay kits from Yubo Co. Ltd.
(Shanghai, China). Te specifc experimental procedures
were performed according to the manufacturer’s
instructions.

4.3. Immunofuorescence. Cells or sections were immobi-
lized using 4% paraformaldehyde (PFA) (Sigma-Aldrich,
USA), permeabilized with 0.5% Triton X-100 (Sigma-
Aldrich, USA) for 20min, and thereafter sealed with 5%
bovine serum albumin (Gibco, Grand Island, NY) for
30min. Te cells were incubated overnight with anti-mouse
Arg-1 (1 : 200-1 :1000 dilution, Proteintech, catalog number:
66129-1), anti-mouse CD206 (1 : 200-1 :1000 dilution, Pro-
teintech, catalog number: 60143-1), anti-rabbit iNOS (1 :
200-1 :1000 dilution, Proteintech, catalog number: 22226-
1), and anti-rabbit Ki67 (1 : 200-1 :1000 dilution, Pro-
teintech, catalog number: 27309-1) antibodies for immu-
nostaining. Next, the cells were treated with Alexa Fluor 488/
Cy3-conjugated anti-mouse/rabbit immunoglobulin G (Life
Technology, CA) for 2 h at 37°C. Tereafter, 4′,6-diamidino-
2-phenylindole was applied to counterstain the coverslips
and the samples imaged under fuorescence microscopy
(Nikon, Japan).

4.4. Quantitative Real-Time Polymerase Chain Reaction.
Total RNA was isolated from cells or tissues using the
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). Total
RNA was reverse transcribed into complementary DNA
and subjected to quantitative real-time polymerase chain
reaction (RT-qPCR) analysis using the ABI 7500 detection
system (Applied Biosystems, CA, USA) using ChamQ
Universal SYBR qPCR Master Mix (Vazyme, China). Te
Bio-Rad CFXManager software was then used to obtain the
threshold cycle numbers. Te amplifcation program was as
follows: 2min at 95°C for 1 cycle, followed by 10 s at 95°C
for 40 cycles, 30 s at 60°C, and then 30 s at 72°C. Next,
β-actin was used as an endogenous control to normalize the
diferences in total RNA. Te comparative CT method,
also referred to as the 2−ΔΔCT method, where fold
change � 2−ΔΔCT � [(CT gene of interest −CT gene of actin
control) sample A − (CT gene of interest −CTgene of actin
control) sample B], was used to calculate the relative gene
expression. Primer sequences used in this study are listed in
Table 1.

4.5. CRC Organoid Culture. Fresh tumor tissues from co-
lorectal cancer patients were washed with cold Hank’s bal-
anced salt solution (Sigma-Aldrich, USA). After removing the
muscle tissue, the epithelial tumor tissues were cut into small
pieces and vigorously suspended in wash solution (DMEM/
F-12 medium+1×HEPEs+ 1×GlutaMAX+1% penicillin-
streptomycin). Te tissue suspension was then centrifuged at
140 rpm for 3min to enrich the tumor fraction at the bottom
of the tube. Te fraction was incubated at 37°C on a shaker at
medium speed (140 rpm, 30min) following the addition of 2-
3mL of the digestion solution (DMEM/F-12 medium+5mg/
mL collagenase + 10 μg/mL DNAse I). Te supernatant was
aspirated, and the cell pellets were retained. Pellets embedded
in 5mL Matrigel (Corning, catalog number: 354234) were
seeded into 6-well plates and cultured in conditionedmedium
after solidifcation of the Matrigel. Te Matrigel was com-
posed of 50%WNT3A conditioned medium, 10% R-spondin
conditioned medium, 38% advanced DMEM/F-12 (Gibco),
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1×B27, 1.25mmol/L N-acetyl cysteine, 10mmol/L nicotin-
amide, 50 ng/mL EGF (Sigma), 500 nmol/L A83-01, 100 ng/
mL noggin, and 10mmol/L Y-27632.

4.6. Cell Viability Assay. Cell viability assay for CRC orga-
noids was carried out using the CellTiter-Lumi™ Plus Lu-
minescent Cell Viability Assay Kit (Beyotime, CN). Briefy,
4×103 cells from each CRC organoid were embedded in
100 μL Matrigel in a 24-well culture plate containing
mentioned culture media for 5 days. M2-polarized THP-1
cells were seeded into CRC organoids for coculturing, and
the cocultured cells were treated with bilobalide (10 μM) for
10 days. Te viability of organoids was measured using
CellTiter-Lumi™ Plus Luminescent Cell Viability Assay Kit.

Te immunofuorescence and terminal deoxynucleotidyl
transferase biotin-dUTP nick end labeling (TUNEL)
staining were operated according to the manufacturer’s
instructions.

4.7. Induction of AOM-Initiated and DSS-Promoted Colon
Carcinogenesis and Treatment. 40 C57BL/6 mice (male,
6–8 weeks old, 18–22 g) were obtained from the Labo-
ratory Animal Center of Jiangsu University (Zhenjiang,
China). All animals were grouped randomly at a specifc-
pathogen-free facility, where the temperature was con-
trolled at 22 ± 2°C, and the lighting conditions were
constantly circulated (12 h of light and 12 h of darkness).
Te animal experiments were approved by the Animal
Experimental Ethical Committee of Jiangsu University
and were carried out at the Laboratory Animal Research
Center of Jiangsu University (No. UJS-IACUC-
2022081503). Every efort was made to reduce the number
of animals used and minimize their sufering. Te 40 mice
were randomly divided into four groups (n � 10, per
group) such as control, AOM/DSS, bilobalide (2.5 mg/kg),
and bilobalide (5.0 mg/kg) groups. Te selection of
bilobalide dose was based on our previous study [42]. Te
procedures used for treatment schedule of the CRC model
by AOM and DSS are shown in Figure 5(a) and Table 2.
Briefy, mice were injected with AOM (7.5 mg/kg [55],
intraperitoneally) on day 1. After one week, the mice were
administered 2.5% DSS in their drinking water for one
week, which was followed by two weeks of tap water for
recovery. Tis cycle was repeated thrice. Bilobalide (2.5 or
5mg/kg, the dissolution method was provided in the
instructions provided by MCE) was administered orally
for 12 weeks during the period of DSS administration.

4.8. Histology, Immunohistochemistry, and
Immunofuorescence. Blood collected from the retinal ve-
nous plexus was centrifuged (3700 rpm/min, 5min) to
harvest serum, which was stored at −80°C for future use.Te
mice were sacrifced by cervical dislocation. Te whole in-
testine was removed immediately after the sacrifce and
dissected longitudinally after washing with ice-cold PBS
(Sigma-Aldrich, USA), as described previously 47. Te
number, location, and size of visible tumors throughout the
intestine were measured to calculate the incidence of ade-
nomas. Tumor numbers were counted and grouped based on
size as follows: <2mm, 2–4mm, and >4mm. Te tissue
sections were fxed in 10% formalin (Sigma-Aldrich, USA)
and thereafter embedded in parafn. Te sections were
stained with hematoxylin and eosin (Sigma-Aldrich, USA)
for pathological evaluation, which was performed by a pa-
thologist who was blinded to the experimental groups.
Histopathological analysis of the neoplastic lesions and
degree of dysplasia were performed according to the stan-
dard criteria for the classifcation of colon adenomas.

Regarding the murine samples, immunohistochemistry
was performed using anti-rabbit cellular Myc (c-Myc,
Abcam, catalog number: ab32072), anti-mouse CD206
(Proteintech, catalog number: 60143-1), anti-mouse Ki67
(Proteintech, catalog number: 27309-1), anti-mouse pro-
liferating cell nuclear antigen (PCNA, Abcam, catalog
number: ab29), and the colorimetric TUNEL Apoptosis
Assay Kit (Beyotime, CN). All stains used a horseradish
peroxidase-conjugated antibody. Chromogenic detection
was performed with the substrate 3-3′-diaminobenzidine
and counterstaining with hematoxylin.

4.9.Western Blotting. Colonic tissues of the mice were lysed
in RIPA lysis bufer. After centrifugation at 10,000 g for
20min at 4°C, the supernatants were collected and protein
concentrations were measured using a bicinchoninic acid
assay kit (Termo Fisher, MA, USA). Electrophoresed
samples were separated by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto polyvinylidene difuoride membranes
(Millipore, MA, USA) and blocked using 5% fat-free milk for
1 h at 18–25°C. After washing in PBST (1×PBS, 0.1%
Tween® 20 Detergent), the membranes were incubated with
primary antibodies at 4°C overnight. Te membranes were
washed three times with PBST before the addition of
horseradish peroxidase-labeled secondary antibodies. Te
signals were detected using chemiluminescent horseradish
peroxidase substrate (Millipore) on a Bio-Rad imaging

Table 1: Primer sequences used for real-time RT-PCR.

Gene
Primer sequences

Forward Reverse
CD206 GCAAAGTGGATTACGTGTCTTG CTGTTATGTCGCTGGCAAATG
CCL22 GAGCATGGATCGCCTACAG CAGACGGTAACGGACGTAATC
FN1 ACTGTACATGCTTCGGTCAG AGTCTCTGAATCCTGGCATTG
Arg-1 CATATCTGCCAAAGACATCGTG GACATCAAAGCTCAGGTGAATC
GAPDH CAACGGATTTGGTCGTATTGG TGACGGTGCCATGGAATT
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system (Bio-Rad ChemiDoc MP). Primary antibodies
against the following proteins were used: Arg-1, CD206,
inducible nitric oxide synthase (iNOS), phospho-
extracellular signal-regulated kinase (p-ERK), phospho-
c-Jun N-terminal kinases (p-JNK), phospho-signal trans-
ducer and activator of transcription 3 (p-STAT3), and beta-
actin.

4.10. Statistical Analysis. All data are presented as mean-
± standard deviation. Diferences between distinct groups
were statistically evaluated using ANOVA and the least
signifcant diference (LSD) test. Statistical signifcance was
set at P< 0.05. All calculations were performed using SPSS
version 19.0 (SPSS Inc., Chicago, IL, USA). All graphs were
drawn using the Origin software (OriginLab Corp.).
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