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Abstract
Colorectal cancer (CRC) is one of the most common gastrointestinal cancers worldwide. It is complex and
often fatal and is associated with a high disease-related mortality. The Hedgehog (Hh) signalling
pathway plays indispensable roles in CRC. Many studies have proven that Shh is overexpressed in cancer
stem cells (CSCs) and shown that SHH overexpression is positively correlated with CRC tumorigenesis.
The development of new drugs to kill CRC cells through the Hh pathway is urgently needed. Toosendanin
(TSN), a natural triterpenoid saponin extracted from the bark or fruit of Melia toosendan Sieb. et Zucc.,
has been proven to inhibit various tumours. Here, we demonstrated that TSN inhibited the CRC cell
growth through the Hh signalling pathway by targeting SHH. TSN has promising potential as an
antitumour agent for CRC treatment.

1. Introduction
Colorectal cancer (CRC) is a heterogeneous tumour with a cell population ranging from pluripotent to
differentiated cells. CRC is the second most common cancer in women and the third most common
cancer in men. The cancer stem cell (CSC) model of cancer proposes that CSCs are key in the initiation of
cancer. CSCs have been the research focus in a range of cancers, including CRC.[1–3] Cancer cells
undergo transformation processes through alternative mechanisms that enable resistance to the
deleterious effects of different treatments. The major signalling pathways involved in development, such
as the Hedgehog (Hh), Wnt, and PI3K-AKT pathways, also play vital roles in tumorigenesis and resistance
to various anticancer therapies.[4, 5]

The Hh signalling pathway plays a vital role in regulating the proliferation, apoptosis, angiogenesis,
invasion and metastasis of different types of cells as well as in maintaining internal homeostasis in
humans. Components of the Hh pathway include secreted Hh glycoprotein ligands, the 12-
transmembrane protein receptor Patched (Ptch), the 7-transmembrane protein SMO, the nuclear
transcription factors GLI 1–3, suppressor of fused homolog (SUFU), and a series of downstream Hh
target genes, such as Gli1, Gli2, Ptch, Cyclin D, Cyclin E, FoxMI, and c-Myc.[6, 7] In the absence of Hh
ligands, Ptch inhibits SMO activity; subsequently, GLI2 and GLI3 are phosphorylated by protein kinase A
(PKA), glycogen synthase kinase 3 (GSK3) and casein kinase 1 (CK1); the N-terminal domains of GLI2
and GLI3 are cleaved; and the resulting truncated proteins, each of which includes transcription repressor
domains, translocate into the nucleus to inhibit downstream gene transcription.[8, 9] Three Hh activation
modes exist in cancer, based on the implicated mechanism: the type I pattern is characterized by
autonomous and ligand-independent Hh signalling and is usually active in meningiomas and
rhabdomyosarcomas; the type II pattern involves ligand-dependent oncogenic Hh signalling through
autocrine/juxtacrine hormones and is active in the breast, lung and ovary; and the type III pattern involves
ligand-dependent Hh signalling via paracrine or reverse paracrine signals and is active in prostate and
pancreatic cancers. Reports have indicated that Shh ligands play an important role in both canonical and
nonclassical Hh pathways, and that noncanonical Hh signalling is a positive regulator of Wnt signalling
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in CSC-enriched cancers such as CRC.[6, 10] Therefore, Shh inhibitors are promising drugs for CRC
treatment.

Toosendanin (TSN), a triterpenoid saponin extracted from the bark or fruit of Melia toosendan Sieb. et
Zucc., a traditional Chinese medicine that was used as an agricultural insecticide in ancient China.[7, 8]
Recently, accumulating evidence has shown that TSN plays an antitumour role in various cancers,
including gastric cancer,[9] osteosarcoma,[11] pancreatic cancer,[12] hepatocellular carcinoma[13] and
glioblastoma,[14] through the induction of apoptosis[15] via the Wnt/β-catenin, MEK/Erk or PI3K/AKT
pathway. However, the effect of TSN on the Hh pathway has never been studied. Our research also
preliminarily revealed that the target of TSN might be SHH and that TSN can inhibit CRC growth by
inhibiting the Hh pathway.

2. Materials And Methods

2.1. Reagents and antibodies
TSN was isolated from the bark of Melia toosendan Sieb. et Zucc. and identi�ed by NMR spectroscopy.
The purity of TSN was determined to be more than 99% by HPLC. Vismodegib was purchased from
MedChemExpress (USA), actinomycin D (ACD) was purchased from MedChemExpress (USA), the mouse
anti-SHH antibody (E-1, sc-365112) and mouse anti-SMO antibody (E-5, sc-166685) were purchased from
Santa Cruz (USA), and the rabbit anti-GLI1 antibody and mouse anti-GAPDH antibody were purchased
from Beyotime (Beijing).

2.2. Cell lines and cell culture
The HT-29 and NIH3T3 cell lines were purchased from the American Type Culture Collection (ATCC,
American Type Culture Collection). All cells were routinely cultured according to the manufacturer’s
instructions.

2.3. Dual-luciferase assays
Cells transfected with the respective luciferase plasmids and Renilla-TK construct were seeded into 48-
well plates. After various treatments were performed as indicated, the luciferase activities were detected
using a dual-luciferase assay kit according to the manufacturer’s instructions (Promega) with a
luminometer. The �re�y luciferase values were

normalized to the Renilla luciferase values.

2.4. CCK-8 assay
We used a CCK-8 assay to determine the proliferation ability of HT-29 cells. HT-29 cells were cultured and
seeded into each well of 96-well plates (8 × 103 cells in 100 µl/well). After incubation for 24 h in a
humidi�ed 5% CO2 incubator at 37°C, DMSO or the test compounds at different concentrations (100
µl/well) were added to each well for 24 h. Cells in the wells were incubated with fresh RPMI 1640 medium
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supplemented with 10 µl/well CCK-8 working solution for 2 h at 37°C in 5% CO2. Then, we measured the
OD values at 450 nm using a microplate reader.

2.5. Quantitative reverse transcription–polymerase chain
reaction (qRT-PCR) analysis
Total RNA was extracted from TSN-treated or untreated HT-29 cells using TRIzol reagent (Tiangen;
Beijing, China) following the manufacturer’s protocol. A FastKing cDNA First-Strand Synthesis Kit and
SuperReal PreMix Color (SYBR Green) Kit were purchased from Tiangen (Beijing, China). The primers
used in this experiment were synthesized by Shanghai Sango, and the sequences were as follows:

GAPDH-F 5’GAGTCAACGGATTTGGTCGT’3

GAPDH-R 5’GACAAGCTTCCCGTTCTCAG’3

PTCH1'-F 5’ACTTCAAGGGGTACGAGTATGT’3

PTCH1'-R 5’TGCGACACTCTGATGAACCAC’3

SMO-F 5’GAAGTGCCCTTGGTTCGGA’3

SMO-R 5’GCAGGGTAGCGATTCGAGTT’3

GLI1-F 5’AGGGAGTGCAGCCAATACAG’3

GLI1-R 5’ATTGGCCGGAGTTGATGTAG’3

SHH-F 5’GCGAGATGTCTGCTGCTAGT’3

SHH-R 5’CCCTTCATACCTTCCGCTGG’3

2.6. Western blot analysis
After treatment with different concentrations of TSN for 24 h, HT-29 cells were lysed with RIPA lysis buffer
containing a protease inhibitor (100×) for 1 h on ice. Cell lysates were collected and were then centrifuged
for 30 min at 13000 rpm. The protein concentrations in the lysates were quanti�ed with a BCA kit
(Beyotime), and proteins were then denatured at 100°C for 5 min in 5× SDS loading buffer. Equal
amounts of proteins were loaded and separated by 8% SDS-PAGE. Proteins were transferred onto
polyvinylidene �uoride membranes (Immobilon-P Transfer Membranes, USA), blocked with 5% skim milk
at room temperature for 2 h and incubated at 4°C overnight with various primary antibodies. Finally,
membranes were coincubated with horseradish peroxidase (HRP)-conjugated secondary antibodies at
room temperature for 2 h and visualized with a chemiluminescence imaging system (Amersham
ImageQuant 800). Protein expression levels were semiquantitatively analysed with Image J software
(National Institutes of Health, USA).

2.7. Cellular thermal shift assay (CETSA)
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CETSA was performed to con�rm the interaction between SHH and TSN in vitro by Western blot analysis.
The CETSA technique is based on ligand-induced stabilization of target proteins. In brief, HT29 cells
cultured to 90% con�uence in 6-well plates were treated with medium containing DMSO or TSN (1 µM) for
12 h. After treatment, cells were isolated with trypsin, collected by centrifugation (1000 rpm, 5 min), and
resuspended in phosphate-buffered saline (PBS). The cell suspension was divided equally into 6 PCR
tubes and heated in a temperature gradient from 40°C to 65°C over 3 min. Subsequently, cells were
analysed by Western blotting.

2.8. BODIPY-cyclopamine (BC) competitive binding assays
HEK293T cells were cultured and seeded into each well of 24-well plates (1 × 105 cells in 500 µl/well). At
80-90% con�uence, the cells were transfected with a Human Flag-6 × His-tagged Smo expression vector
(1 µg/well) using Lipofectamine® 3000 Reagent (Thermo Fisher Scienti�c, Inc.) according to the
manufacturer's instructions. After 48 h, the cells were treated with 12.5 nM BC and various concentrations
of the test compounds before incubation at 37°C for 2–4 h. The cells in each well were washed twice with
PBS (0.2 ml/well), �xed with 4% paraformaldehyde for 15 min at room temperature, washed two more
times with PBS, stained with 0.1 µg/ml DAPI solution for 15 min (0.1 ml/well), and �nally observed and
imaged with an IX-73 microscope (Olympus, Japan). The data are expressed as the percentage of BC
incorporation compared with that observed with BC alone by ImageJ software.[16–18]

2.9. Design of the Shh small interfering RNA (siRNA) and
silencing of gene expression with siRNA
The custom-designed Shh-speci�c siRNA was purchased from Shanghai Sango. The sequences for the
Shh siRNA were as follows: sense-5’CGACAUCAUAUUUAAGGAYtt3’ and antisense-
5’AUCCUUAAAUAUGAUGUCGgg3’. In addition, a negative control nontargeting scrambled siRNA was
purchased from Shanghai Sango. All experiments were performed in triplicate. The transfection mixtures
were prepared by mixing Lipofectamine-RNAiMAX and Opti-MEM1 with each shh siRNA separately at
room temperature. The combined diluted siRNA duplexes and Lipofectamine-RNAiMAX were incubated
for 5 min at room temperature. Finally, the above transfection mixtures were added to culture plates.
Transfection was performed for 24 h at 37°C in a CO2 incubator. Then, TSN was added to the cultured
cells and incubated in 5% CO2 for 24 h, and cells were then harvested for protein analysis.[19]

2.10. Animals and in vivo tumor xenograft studies.
Female BALB/c/nu/nu nude mice weighing about 18g were obtained from Zhejiang province

Experimental Animal Center. All animal experiments were approved by the Animal Ethics and Research
Committee of Zhejiang. HT29 cells (5x106) were injected subcutaneously into the right �ank of mice
(n=16). When the tumor volume reached around 50mm3, mice were randomly divided into 2 groups:
control (mice receiving saline; n=6), TSN (1 mg/kg; n=6),
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The saline and TSN were intraperitoneally given once daily for 20 days. When the treatment began, the
mean tumor volumes were calculated every day with a caliper, using the formula

volume = (length x width2)/2. The mice were sacri�ced 24 h after the �nal dose and tumors were resected
aseptically for weight and volume calculation. Besides, the tumors were �xed and

subjected to immunohistochemical analysis.

2.11. Statistical analysis

Data are presented as means ± SDs. Student’s t-test or one-way ANOVA was used for statistical analysis
to compare the different groups in this study. Differences with P ≤ 0.05 were considered statistically
signi�cant.

3. Results

3.1. TSN inhibited the Hh pathway
To investigate the effect of TSN on Hh signalling pathway activity, we �rst evaluated its activity by dual
luciferase reporter assays using a reporter cell line, Shh-Light 2, which is an NIH 3T3 cell line containing a
stably integrated Gli-luciferase reporter. After treatment with varying concentrations of TSN ranging from
0.156 to 10 nM, the �re�y luciferase intensities, which correlated with the inhibitory activity of Hh, were
initially measured (Fig. 1). Fire�y luciferase intensities were then normalized to the corresponding
intensities of Renilla luciferase, which was stably cotransfected into cells to evaluate the transfection
e�ciency and exclude false positive results caused by general cytotoxicity. The bioactivity results
demonstrated that TSN displayed better inhibitory activity, with an IC50 value of 0.827 nM. Furthermore,
this result demonstrated that the anticancer activity of TSN is closely related to the Hh pathway.

3.2. TSN inhibited CRC cell growth
To explore the effects of TSN on HT-29 CRC cells, the antiproliferative activity of TSN was evaluated. The
HT-29 cell line was incubated for 24 h after treatment with different concentrations of TSN, and CCK-8
assays were then carried out. Fig. 2 shows that the viability of TSN-treated cells decreased in a
concentration-dependent manner and that the IC50 value of TSN in HT-29 cells was 0.346 µM.

3.3. TSN regulated the mRNA levels of Hh signalling
pathway components in HT-29 cells
To explore the mechanism by which TSN inhibits the proliferation of HT-29 cells through the Hh signalling
pathway, the mRNA levels of related Hh signalling pathway components were examined by qRT-PCR. In
response to treatment with TSN for 24 h at concentrations ranging from 0.1 µM to 3 µM, the mRNA levels
of SHH and SMO in the Hh signalling pathway were decreased in a dose-dependent manner. However, the
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mRNA expression of GLI1 and PTCH was increased at low TSN concentrations. The GLI1 mRNA level
was decreased only when the TSN concentration was 3 µM, while no effect was observed for low TSN
concentrations (Fig. 3). These results suggest that TSN might suppress HT-29 cell growth by inhibiting Hh
signalling pathways. In addition, we speculated that TSN might affect SHH or SMO directly and regulate
GLI1 and PTCH1, which are Hh target genes via the canonical Hh pathway.

3.4. TSN suppressed the expression of the corresponding
proteins in the Hh signalling pathway
Having demonstrated that TSN-induced inhibition of HT29 colon cancer cell growth is closely related to
the Hh pathway via regulation of the mRNA levels of the key signalling components, we then performed
Western blot analysis to investigate the expression levels of the corresponding proteins. TSN signi�cantly
inhibited the protein expression of SHH, SMO and GLI1 in a concentration-dependent manner (Fig. 4).

3.5. TSN inhibited Hh pathway signalling at the level of SHH
Our previous experiments showed that the inhibitory effect of TSN on HT-29 cell growth was closely
related to the Hh pathway, with signi�cantly altered regulation of SHH expression. We thus speculated
that TSN inhibits the canonical Hh pathway by downregulating SHH. To further explore the mechanism
which TSN inhibits HT29 cell growth, we conducted CETSA, analysed mRNA half-lives after inhibition of
transcription and performed an assay of competitive binding to SMO to verify the target of TSN.

3.5.1. TSN-SHH binding was measured by CETSA
CETSA, which is based on ligand-induced stabilization of target proteins, was carried out to con�rm the
interaction between SHH and TSN in vitro by Western blot analysis.[20, 21] The thermal stability of SHH
in HT29 cells was tested in the temperature range of 40-65°C after exposure to TSN for 12 h. The control
cells were treated with DMSO. SHH was still clearly detectable in cells exposed to TSN but not in control
cells (Fig. 5A and B). Thus, the thermal stability of SHH in TSN-pretreated cells was higher than that in
control cells. Collectively, these results showed the speci�c binding of TSN to SHH in HT29 cells.

3.5.2. TSN reduces the stability of SHH mRNA
We evaluated the effect of TSN on the stability of SHH mRNA in HT-29 colon cancer cells by indirectly
analysing the mRNA half-life after inhibition of transcription with ACD. Treatment with TSN obviously
decreased the SHH mRNA half-life (Fig. 6), suggesting that TSN decreases the SHH mRNA level in CRC
cells by promoting its degradation.[22]

3.5.3. Competitive binding ability of TSN to SMO
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To determine whether the inhibitory potency of TSN against the Hh pathway is due to its targeting of
SMO, we used BC, a cyclopamine derivative with a �uorescent label, to analyse the direct interaction of
TSN with SMO. First, HEK293T cells were transfected with the wild-type SMO expression vector. The
binding ability of TSN to SMO was tested at concentrations of 1 µM and 3 µM, based on the effective
concentration determined in the previous experiment and the concentrations that were proven to be
noncytotoxic considering the results of the MTT assay in HEK 293 T cells. The �uorescence intensity
associated with BC binding to SMO was used to evaluate the ability of TSN to act on SMO. HEK293T
cells overexpressing SMO and BC were used as negative controls. Compared with the �ndings in the
negative control and positive drug control (vismodegib) cells, the �ndings in the TSN-treated cells
indicated that TSN could not competitively bind with SMO at either 1 µM or 3 µM (Fig. 7). These results
suggest that TSN does not directly affect SMO.

3.6. TSN might not only regulate the canonical/SHH-SMO-
GLI Hh pathway but also the non-canonical Hh pathway
In the present study, we demonstrated that TSN inhibits HT29 cells at the level of the SHH ligand. To
further determine the speci�c regulatory mechanisms of TSN, we �rst knocked down SHH in HT29 cells
with siRNA targeting SHH (designated Shh-siRNA) before treatment with TSN at different concentrations
and then analysed the relative expression of proteins in the canonical Hh pathway (Fig. 8) compared with
that in control HT29 cells (Fig. 4). Western blot analysis showed that TSN also signi�cantly inhibited the
expression of SHH. Interestingly, SMO and GLI protein expression differed from GLI and SMO protein
expression in the absence of SHH siRNA transfection. These relative expression levels, which were
con�rmed by Western blot analysis quantitative densitometric analysis, support the hypothesis that TSN
might regulate not only the canonical SHH-SMO-GLI Hh pathway but also the non-canonical Hh pathway.

3.7. Effects of TSN administration on xenograft tumor
growth.
To further evaluate the in vivo antitumor effects of TSN, a nude mouse xenograft model was used for our
animal study. HT29 cells were subcutaneously inoculated into nude mice. Mice were injected with vehicle,
control (mice receiving saline; n=6, i.p.), TSN (1 mg/kg; n=6, i.p.)

for 20 days. As shown in Fig. 9, TSN signi�cantly suppressed the tumor weight of the HT29 xenografts
compared with control which demonstrating that TSN could effectively inhibit the growth of CRC cells in
a xenograft model. At the same time, the tumor tissues were subjected to H&E staining and
immunohistochemical analysis. The protein expression level of SHH in animal groups treated with TSN
were signi�cantly lower than those in other groups (Fig. 9). Thus, TSN strongly sensitizes colorectal
cancer cells towards SHH expression in vivo.

4. Discussion
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Colon cancer is one of the most common malignancies worldwide. Its pathogenesis is complex and
requires accumulated alterations in multiple genes and pathways.[23–26] Moreover, the interactions
among these pathways are precise and complicated. These complexities also lead to the di�culties in
drug treatment of CRC. Natural bioactive products may be key resources for new drug candidates. TSN, a
naturally occurring triterpenoid saponin derived from the bark or fruit of Melia toosendan Sieb. et Zucc.,
was shown to have promising antitumour e�cacy both in vitro and in vivo.

In our study, we �rst used a screening approach in SHH-light 2 cells to demonstrate that TSN can regulate
the Hh pathway. Based on these �ndings, we speculated that the anticancer mechanisms of TSN are
related to the Hh pathway, a previously unreported relationship. Our data obviously suggested that TSN
can suppress the growth of HT29 CRC cells and revealed that TSN regulates the mRNA and protein levels
of Hh signalling pathway components in HT-29 cells. Therefore, we determined that the inhibitory effect
of TSN on CRC cell growth was closely related to the Hh pathway. Our data suggested that among the
evaluate proteins, SHH showed the most obvious decreasing trend in expression under TSN treatment.
We thus hypothesized that SHH may be a target of Hh pathway regulation and further carried out CETSA
to prove our hypothesis. CETSA, a biophysical assay that allows the measurement of target engagement
(TE) in intact cells and tissues, can directly assess drug binding at the target protein level (the protein
reports) by applying the critical heating step while cells are still intact and the target protein is in its
proper cellular environment. The CETSA results suggested that TSN can bind to SHH directly. Moreover,
the BC competitive binding assay and the SHH mRNA stability assay also helped us to con�rm that TSN
inhibits CRC cell growth through the Hh pathway at the level of SHH.

Both the canonical and noncanonical Hh signalling pathways play indispensable roles in many CRCs.
[27–30] The canonical Hh signalling pathway has been found to affect the expression of growth factors
in tumour cells to promote tumour cell proliferation. However, the role of the canonical Hh signalling
pathway in colon cancers has recently been controversial, and some views hold that the canonical Hh
signalling pathway is not active in some colon cancers[31–33] Based on these theories, we carried out
the next experiment to verify whether TSN acts only on the canonical Hh pathway.

Interestingly, we transfected SHH siRNA into HT29 cells and treated them with TSN at different
concentrations. HT29 cells transfected with SHH siRNA and then treated with TSN showed different GLI
and SMO protein levels than those without SHH siRNA transfection. With increasing TSN concentration,
the decreasing trend in SHH protein expression became more obvious. However, GLI and SMO protein
expression exhibited an increasing trend with an increase in the TSN concentration from 0.3 µM to 3 µM.
These results demonstrated that TSN not only regulates the canonical/SHH-SMO-GLI Hh pathway but
also may induce effects due to in�uences on SHH-dependent noncanonical Hh signalling or as a result of
cross-talk with other pathways. Combined with the previous conclusions in our study, the regulation of
GLI mRNA and protein shows different rules by TSN, which may also be related to this. According to
previous reports, TSN not only regulates Hedgehog signaling pathway, but also regulates WNT/ β-catenin
pathway, PI3K/AKT pathway, and TGF- β pathway[34, 35]. Therefore, the regulation of TSN on Hh
pathway may be the result of multiple pathways. These possibilities need further exploration. This study
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provides a new idea for the treatment of colon cancer, which has multiple subtypes and complex
mechanisms, and indicates that the multipathway inhibitor TSN is a promising drug.
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Figures

Figure 1

TSN inhibited the Hh pathway. TSN inhibited the Gli-responsive promoter in the Shh Light II cell line in a
dose-dependent manner. Each experiment was performed with triplicates at least three times. One-way
ANOVA was performed to calculate P values. *P< 0.05, **P< 0.01, and ***P< 0.001 compared to the
control group. Ctrl, control
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Figure 2

TSN inhibited the growth of HT-29 colon cancer cells in vitro. HT-29 cells were treated with the indicated
concentrations of TSN for 24 h. Cell viability was evaluated using a CCK-8 assay, and the OD450 nm ratios
of TSN-treated/untreated cells are indicated. The data are representative of six independent experiments.
*P< 0.05, **P< 0.01, and ***P< 0.001 compared to the control group. Ctrl, control
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Figure 3

RT-qPCR analysis of mRNA expression of genes related to the Hh signalling pathway. HT-29 cells were
stimulated with different concentrations of TSN (0.1, 0.3, 1 and 3 μM) for 24 h, and total mRNA was
extracted. The mRNA levels of SHH, SMO, PTCH, SUFU, Gli1, and Gli2 were then measured by RT-qPCR.
The data are expressed as the mean ± SD values; n= 3. #P< 0.05, ##P< 0.01, ###P<0.001, *P< 0.05, **P <
0.01, and ***P< 0.001 compared with the control group
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Figure 4

HT-29 cells were stimulated with TSN for 24 h, and the protein expression levels of SHH, SMO and GLI1
were determined using Western blotting. Each treatment was performed in triplicate. The data are shown
as the mean ± SD values. *P< 0.05, **P < 0.01, and ***P< 0.001 compared with the control group.

Figure 5

TSN binding to SHH was con�rmed by CETSA. CETSA was performed in HT29 cells treated with 1 μM
TSN or DMSO as the control. The stabilizing effect of TSN on the SHH protein was evaluated by Western
blotting. Each treatment was performed in triplicate. The data are shown as the mean ± SD values. *P<
0.05, **P < 0.01, and ***P< 0.001 compared with the control group.

Figure 6

TSN reduces the stability of SHH mRNA. RT-qPCR analysis of SHH mRNA expression in HT-29 cells after
treatment with ACD (10 µM) with or without TSN (20 µM) for the indicated times. The data are expressed
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as the mean ± SD values; n= 3. *P < 0.05, **P< 0.01, and ***P < 0.001 compared with ACD.

Figure 7

The TSN-induced ability of BC to bind to SMO in Smo-overexpressing HEK293T cells. Fluorescence
images of TSN-induced BC binding to SMO in a concentration-dependent manner in HEK293T cells. Cells
were exposed to 25 nM BC (green) and treated with DMSO or the test compounds (Vis, vismodegib) at
different concentrations for 2–4 h, washed with chilled PBS, �xed with 4% paraformaldehyde for 15 min
at room temperature, and washed two more times with PBS buffer for imaging by �uorescence
microscopy (Ctrl: without BC).

Figure 8

Relative expression of Hh pathway proteins in HT29 cells transfected with SHH siRNA. (A) Western blot
analysis of relative protein expression. Ctrl, transfected with empty vector: SHH siRNA+TSN, transfected
with SHH siRNA and treated with different concentrations of TSN. (B, C, D) Western blotting was used to
evaluate the expression levels of SHH, SMO, and GLI. Each treatment was performed in triplicate. The
data were shown as the mean ± SD values. *P < 0.05, **P < 0.01, and ***P < 0.001 compared with the
SHH siRNA group; #P < 0.05 and ##P < 0.01 compared with the empty vector group
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Figure 9

Inhibition of the growth of xenograft tumors derived from HT29 cells by TSN administration. (A) The
image shows the difference of tumor volume between the TSN-treated groups and the control group on
Day 20. (B) The differences of tumor weight between the TSN-treated groups and the control group were
statistically signi�cant (*P<0.05). (C) After treatment, the tumor were removed and subjected to H&E
staining

analysis.
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