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Ligustrazine inhibits the viability and motility of colon cancer cells
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Background: Despite the advances in the diagnosis and treatment of colon cancer, the disease remains
a major threat worldwide. Ligustrazine (LSZ) is an alkaloid with anti-tumor activity. This study aimed
to elucidate the anti-tumor qualities of LSZ on colon cancer cells in vitro and vivo, as well as its involved
mechanism.

Methods: In this study, CCK-8, colony formation, transwell invasion assay and flow cytometry were
employed to examined the cells behaviors. Moreover, the proteins related to the epithelial mesenchymal
transformation (EMT) process were determined by RT-qPCR and western blotting. Then, the expression of
PI3K, AKT, and mTOR were tested by western blotting. Furthermore, a xenograft mouse model was used to
investigate the role of LSZ in vivo.

Results: LSZ treatment (0.1, 0.5 and 1.5 mM) significantly inhibited SW480 cells’ efforts to proliferate,
migrate and invade and also induced SW480 cell apoptosis. In addition, LSZ inhibited EMT process.
Meanwhile, Western blotting indicated that LSZ treatment administered on a dose-dependent basis inhibited
the phosphorylation of PI3K, AKT, and mTOR. Furthermore, in our animal experiments, the weight of
colon cancer was significantly lower in LSZ-treated mice than in untreated ones, and the expression of
Ki67 and N-cadherin positive cells was significantly lower in the treated mice than in their control group
counterparts.

Conclusions: Together, the results suggested that LSZ inhibited proliferation, motility, and EMT of colon
cancer cells through the PIBK/AKT/mTOR pathway in vitro and in vivo.
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Introduction Between 2005 and 2014, cancer prevention, early diagnosis,

| ] 1 mal - the thi and better treatment saw the incidence of colon cancer
Colon cancer, a gastrointestinal malignancy, is the third decrease by about 2.9% per year (3). Unfortunately, only

most frequently occurring cancer in the world (1). The a small number of patients with disseminated disease were

Global Cancer Status Report in 2018 estimated that 18.1 able to undergo radical resection without relapse. Despite

million new cancer cases and 9.6 million related deaths the improvements seen in relation to Colon cancer, some
would occur in 2018, with the morbidity and mortality studies have shown that individuals under 50 years of age
of colorectal cancer as 6.1% and 9.2%, respectively (2). have experienced an increase in incidence of colorectal
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cancer (4).

Ligustrazine (LSZ) is an alkaloid extracted from the
rhizome of the traditional Chinese herb Ligusticum wallichii,
which was demonstrated to hold the properties of inhibiting
inflammation, ant fibrosis, and modulating the immune
system (5,6). Moreover, Feng ez al. found that LSZ was an
effective blocker of vasoconstriction, scavenging oxygen
free radicals, and the promotion of apoptosis in tubules (7),
and further reported that LSZ inhibited apoptosis in
ischemia-reperfusion injury and protected from hypoxic-
ischemic brain damage (8). In addition, other research has
demonstrated LSZ to have significant anti-tumor effects
on melanoma, breast cancer, and prostate cancer (9-11).
However, the role of LSZ in colon cancer is yet to be fully
elucidated.

PI3K-AKT-mTOR pathway is currently considered to
be a likely biological target that is commonly activated in
a variety of human cancers (12). AKT controls cell growth
via mTOR, regulating translation initiation, ribosome
biogenesis, and cell cycle progression (13). In addition,
epidermal growth factor receptor (EGFR), Ras and Raf
mutation leads to downstream activation of the Smad-
PI3K-Akt-mTOR pathway contributing to growth and
metastasis in colorectal cancer. Thus, EGFR inhibitor
has been introduced as an important means of treating
metastasic colorectal cancer (14). Unfortunately, however,
EGFR inhibitor is not able to shut down the pathway when
the mutation happens downstream (15). A novel drug to
target the PI3K-Akt-mToR downstream pathway is still
needed in colorectal cancer treatment.

This study’s purpose was to elucidate the anti-tumor
effect of LSZ in relation to colon cancer cells and its
potential biological mechanism of modulating cell viability,
cell motility, and epithelial mesenchymal transformation

(EMT) involving the PI3K-AKT-mTOR pathway.

Methods
Cell culture

We obtained HCoEpiC (normal colonic epithelial cell)
and SW480 (colon cancer cell) cell lines from American
Type Culture Collection (ATCC, Manassas, USA) and
maintained them in RPMI Media 1640 (Cat#: 11875-093,
Gibco, USA) supplemented with 10% fetal bovine serum
(Life Technologies Inc., USA). Cell culturing took place at
37 °Cin a 5% CO, atmosphere. All of the cells were treated
with different concentrations of LSZ (0, 0.01, 0.025, 0.05,
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0.1, 0.25,0.5, 1, 1.5, 2, 2.5, 5, and 10 mM) for a 24-hour
period.

Cell proliferation

SW480 cells were seeded for a short time in 96-well plates
at a density of around 6x10° cells per well and treated with
LSZ at 3 different concentrations (0.1, 0.5, and 1.5 mM)
for 24, 48 and 72 h, respectively. Cell proliferation capacity
was tested by CCKS8 kit (Mskbio Technology Ltd., China)
according to the manufacturer’s specification, and the
450 nm absorbance value was calculated.

Clone formation assay

Three different concentrations of LLSZ (0.1, 0.5, and 1.5 mM)
were treated for 72 hours with 3x10” cells, and then
inoculated into 35 mm culture dishes and cultured over
14 days. PBS was used to rinse the cells, before the were
fixed in 4% paraformaldehyde (Sigma, USA) at room
temperature for a period of 15 min. Following this, the
cells were incubated with Wright-Giemsa stain (Nanjing
Jiancheng Bioengineering Institute, China) for 5 minutes.
Finally, we collected images and counted colony numbers.

Flow cytometry

SW480 cells (cell number 1x10°/mL) were treated with LSZ
(0.1, 0.5 and 1.5 mM) and collected in a 10 mL centrifuge
tube, before being centrifuged at 1,000 r/min for a period
of 5 min. The culture solution was then disposed of, and
the cells were washed once with buffer and centrifuged at
1,000 r/min for 5 minutes. Next, the incubation of 100 pL
of resuspended cells took place at room temperature for
15 min in darkness. They were centrifuged at 1,000 r/min
for 5 min and washed once with buffer. The fluorescent
(SA-FLOUS) solution was then applied, before incubation
at 4 °C for 20 min (avoiding light) and vibrating from
time to time. Finally, the results were tested using a flow
cytometer (Thermo Fisher Scientific, USA) within 1 hour.

Reverse transcription quantitative polymerase chain
reaction (RT-qgPCR)

The extraction of total RNA from cell lines and tumor
tissues was conducted with the help of Trizol reagent
(Invitrogen, USA), according to the instructions of the
manufacturer. Extracted RNA was stored at =80 °C and
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Table 1 Sequences of primers for target genes used in RT-qPCR

assay
Gene Sequence
Ki67 F: 5'-GCAGGACTTCACTTGCTTCC-3'

R: 5'-TCATTTGCGTTTGTTTCACG-3'
caspase-3 F: 5'-TGGAACAAATGGACCTGTTGACC-3'

R: 5'-AGGACTCAAATTCTGTTGCCACC-3'
Bax F: 5'-TCCACCAAGAAGCTGAGCGAG-3'

R: 5'-GTCCAGCCCATGATGGTTCT-3'
Bcl-2 F: 5'-TTCTTTGAGTTCGGTGGGGTC-3'

R: 5'-TGCATATTTGTTTGGGGCAGG-3'
N-cadherin F: 5'-ATTGTGGGTGCGGGGCTTGG-3'

R: 5'-GGGTGTGGGGCTGCAGATCG-3'
E-cadherin F: 5'-TGCCCAGAAAATGAAAAAGG-3'

R: 5'-GTGTATGTGGCAATGCGTTC-3'
Vimentin F: 5'-ATGACCGCTTCGCCAACTAC-3'

R: 5'-CGGGCTTTGTCGTTGGTTAG-3'
a-SMA F: 5'-ATGCTCCCAGGGCTGTTTTC-3'

R: 5'-CTTTTGCTCTGTGCTTCGTC-3'
GAPHG F: 5'-CCATCTTCCAGGAGCGAGAT-3'

v}

: 5'-TGCTGATGATCTTGAGGCTG-3'

RT-qPCR, reverse transcription quantitative polymerase chain
reaction.

eluted with RNase-free water. Relative mRINA level of Ki67,
caspase-3, Bcl-2/Bax, E-cadherin, N-cadherin, Vimentin
and 0-SMA were detected by RT-qPCR using SYBR-green
PCR Master Mix (TaKaRa, Japan) in a Fast Real-time PCR
7500 System (Applied Biosystems, USA). We sourced RT-
gPCR primers from GeneCopoeia (SanDiego, USA). The
sequences of the primers are presented in Table 1.

Western blotting

Lysing was carried out using lysis buffer (Beyotime,
Shanghai, China). Protein extracts were resolved by SDS-
page, before transferral to polyvinylidene fluoride (PVDEF)
membranes (Millipore, USA), blocking in 5% non-fat milk/
TBST, and next incubation with corresponding primary
antibodies against Ki67 (ab92742, 1:1,000), Cleaved-
Caspase-3 (ab2302, 1:1,000), Bcl-2 (ab32124, 1:1,000),
Bax (ab32503, 1:1,000), E-cadherin (ab15148, 1:1,000)
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and N-cadherin (ab76057, 1:1,000), Vimentin (ab45939,
1:1,000), a-SMA (ab32575, 1:1,000), PI3K (ab40755,
1:1,000), p-PI3K (ab18265, 1:1,000), AKT (ab8805,
1:1,000), p-AKT (ab38449, 1:1,000), mTOR (ab32028,
1:1,000), and p-mTOR (ab84400, 1:1,000) overnight at 4 °C.
B-actin was served as an endogenous control and detected
using a rabbit polyclonal (ab8226, 1:4,000). Following this,
we carried out incubation of the secondary antibody of
goat anti-rabbit IgG (ab6721, 1:1,000) for 1 hour at room
temperature. After washing, signals were visualized using a
ChemiDoc XRS imaging system and Quantity One analysis
software (Bio-Rad, USA). All antibodies were obtained from
Abcam (Cambridge, UK).

Transwell assays

The two invasion chambers containing Matrigel (1 mg/mL)
(Becton-Dickinson, USA) were used to determine SW480
cell invasion. The upward chamber held 200 pL serum-free
medium containing 1x10° cells/well, and the lower chamber
held 0.6 mL medium containing 20% FBS. Following
incubation at 37 °C for 24 hours, a cotton bud was used to
remove non-invading cells on the upward membranes, and
the migrated cells were fixed in 95% ethanol before staining
with hematoxylin. Finally, the number of cells was counted
with Image] software, and 10 fields of view were randomly
selected under an inverted microscope.

Wound bealing assay

SW480 cells were cultured using a 6-well culture plate with
a density of 1x10’ until the formation of fusion monolayer
cells occurred. Then, the fusion monolayer cells were
scraped off using a sterile 20 pL. micro pipette, washed with
PBS for three times, and cultured in serum-free medium
for 0 and 24 hours. Next, three visible regions (200x
magnification) were randomly selected with an inverted
microscope. Finally, the open area ratios for 24 to 0 hours
were calculated.

Mouse model

We obtained SPF BALB/c mice (male, 6 to 8 weeks old)
from the Animal Center of Chengdu Anorectal Hospital.
The mice ranged in weight from 18 to 20 g. All mice were
housed in cages and kept under controlled environmental
conditions (temperature 24+2 °C, humidity 60%=5%, and
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Figure 1 The effect of LSZ on SW480 cells viability. (A) HCoEpiC and SW480 cells were treated with LSZ (0, 0.01, 0.025, 0.05, 0.1, 0.25,
0.5,1,1.5,2,2.5, 5, and 10 mM) for 24 hours, and cell viability was detected by CCKS assay; (B) treatment of SW480 cells was carried out
with 3 different concentrations of LSZ (0.1, 0.5, and 1.5 mM) for 24, 48, and 72 hours, respectively, and CCK8 assay was used to detect cell

viability. *, P<0.05; **, P<0.01 vs. control. The experiment was repeated in triplicate. LSZ, ligustrazine.

12 h light/dark cycles). To produce xenografts, SW480 cells
were inoculated into the colons of the mice via subcutaneous
injection. By intraperitoneal injection, 150 mg/kg
of LLSZ (10) was administered to the mice 3 times a week
for 30 days. All animal experiments were performed in
accordance with the NIH Guide for the Care and Use of
Laboratory Animals and were approved by the Medical
Ethics Committee of Chengdu Anorectal Hospital.

Immunobistochemistry

Paraffin was used to embed the colon tissues of the mice,
which were further sliced to a thickness of 5 pm for
immunohistochemistry. After the completion of antigen
repair, the slices were incubated with Anti-Mouse Serum
Albumin antibody (ab19194, 1:500, Abcam, UK) against
Ki67 (ab92742, 1:500, Abcam, UK) and N-cadherin
(ab76057, 1:300, Abcam, UK) at 4 °C for 12 hours. Next,
the secondary antibody, goat anti-rabbit IgG (ab150077,
1:1,000, Abcam, UK), was used and incubated for 30 min at
37 °C. Detection of proteins was carried out with the DAB
kit (ab64264, Abcam, UK) according to the manufacturer’s
instructions. Finally, Ki67 and N-cadherin distribution in
colon cancer cells was observed under 400x amplification.

Statistical analysis

Assays were independently performed three times and data
were shown as mean =+ standard deviation (SD). Student’s
t-test was applied to analyze differences between means,
while Dunnett’s test was used to perform comparisons of
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parameters. Statistical significance was considered to exist
when P<0.05.

Results

LSZ effected SW480 cells viability and LSZ toxicity
detection

First, we detected the toxic effect of LSZ on SW480
cells and HCoEpiC cells using a CCK8 kit. As shown
in the Figure 1A, the cells were treated with different
concentrations of LLSZ (0, 0.01, 0.025, 0.05, 0.1, 0.25,
0.5, 1, 1.5, 2, 2.5, 5, and 10 mM) for 24 hours. The data
showed that LSZ significantly interfered with the viability
of SW480 cells at a concentration greater than 1 mM, and
LSZ was cytotoxic to all cells at concentration over 2 mM.
Whereupon, SW480 cells underwent treatment with 3
different concentrations of LSZ (0.1, 0.5 and 1.5 mM)
for 24, 48, and 72 h, respectively. As shown in Figure 1B,
compared with the control, the proliferation of SW480
cells was significantly suppressed at 72 hours (P<0.05),
suggesting that LSZ inhibited the growth of SW480
cells in a concentration-dependent manner, and the 3
concentrations of 0.1, 0.5 and 1.5 mM were selected to treat
cells at 72 hours for the following experiment.

LSZ inbibited SW480 cell proliferation and induced
apoptosis in colon cancer

Next, we determined SW480 cell apoptosis using flow
cytometry, the results (Figure 24) showed that the apoptosis
ratio (19.2%, 24.5%, and 35.8%, respectively) of cells
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Figure 2 The effect of LSZ on SW480 cell proliferation and apoptosis. The SW480 cells were treated with LSZ (0.1, 0.5, and 1.5 mM)
for 72 hours. (A) The apoptosis rate was detected by flow cytometry; (B) cell proliferation ability was detected by colony formation assay
(representative graphs were magnified at 100x); (C) the mRNA levels of Ki67, Caspase-3, Bcl-2, and Bax were detected by RT-qPCR; (D)
the protein levels of Ki67, cleaved-caspase-3 and Bcl-2 and Bax were detected by Western blotting. *, P<0.05; **, P<0.01 vs. control. The

experiment was repeated in triplicate. LSZ, ligustrazine; RT-qPCR, reverse transcription quantitative polymerase chain reaction.

obviously increased after diverse concentrations of LSZ
treatment compared with the control group (7.6%).
Besides, colony formation analysis showed that the
control cells had the potential to form more colonies, and
the proliferation rate of SW480 cells was significantly
decreased after LSZ treatment (Figure 2B). We also
examined the level of the cell proliferation marker Ki67
by RT-qPCR and Western blot, and the results revealed
that the different concentrations of LSZ decreased
the expression of Ki67 at the levels of mRNA and
protein, compared to the control group (Figure 2C,D).
Simultaneously, we examined the cell apoptosis markers,
as shown in Figure 2C. In comparison with the control
group, the mRNA level of caspase-3 increased, while the
expression of Bcl-2/Bax decreased after LSZ treatment.
Interestingly, the protein levels of cleaved-Caspase-3 and
Bcl-2/Bax were the same as those of mRNA at different
concentrations (Figure 2D), suggesting LSZ inhibited the
proliferation of SW480 cells and induced apoptosis in a

© Translational Cancer Research. All rights reserved.

concentration-dependent manner.

LSZ suppressed SW480 cell migration, invasion and EMT
of SW480 cells

In this study, we tested the invasion ability of SW480
by Transwell assay. As Figure 34 sets out, the invasive
capabilities of SW480 cells were remarkably decreased
after different concentrations of LSZ treatment in
comparison with the control group. In addition, wound
healing assay showed that the migration activity of SW480
cells was prominently lower in the treated cells than in the
control cells (Figure 3B). After different concentrations (0.1,
0.5, and 1.5 mM) of LSZ treatment, the cell morphology
of SW480 cells gradually transformed to flat squamous
morphology (Figure 3C). We therefore hypothesized
that LSZ was likely involved in the EMT of CRC cells,
which is a key event in the process of tumor invasion
and metastasis. We found that the E-cadherin (epithelial
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Figure 3 The effect of LSZ on cell motility. The SW480 cells were treated with LSZ (0.1, 0.5 and 1.5 mM) for 72 h. (A) Cell invasion
ability was conducted by Transwell assays (representative graphs were magnified at 200x); (B) cells migration ability was conducted by
wound healing assays (representative graphs were magnified at 100x); (C) the morphological changes of SW480 cells were similar to EMT
(representative graphs were magnified at 100x); (D) the mRINA levels of E-cadherin, N-cadherin, Vimentin, and a-SMA were detected by
RT-qRCR; (E) the protein levels of E-cadherin, N-cadherin, Vimentin, and a-SMA were performed by Western blotting. *, P<0.05; **,
P<0.01 vs. control. The experiment was repeated in triplicate. LSZ, ligustrazine; EMT, epithelial mesenchymal transformation; RT-qPCR,
reverse transcription quantitative polymerase chain reaction.
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marker) mRNA level was significantly increased while
the mesenchymal markers (N-cadherin, Vimentin and
a-SMA) were decreased with LSZ treatment (Figure 3D).
In addition, LSZ treatment markedly increased the protein
expression of E-cadherin and decreased the expression of
N-cadherin, Vimentin, and a-SMA in a concentration-
dependent manner (Figure 3E). Thus, these results
suggested that LSZ suppressed the migration, invasion, and
EMT of SW480 cells.

LSZ inhibited the SW480 proliferation and EMT via
PIBK/AKT/mTOR pathway

"To investigate the role of LSZ in the PI3K/AKT/mTOR
pathway at 3 different concentrations (0.1, 0.5, and 1.5 mM)
of LSZ treatment, we detected the protein expressions of
PI3K, AKT, and mTOR by Western blotting. The results
revealed that when compared to the control group, the
phosphorylation levels of PI3K, AKT, and mTOR were
significantly decreased in the cells treated with different
concentrations of LSZ (Figure 4A4). In addition, we added
the activator 740 Y-P (concentration, 1.53 pM) of PI3K
to further explore its mechanism, and SW480 cells were
divided into four groups: control, 1.6 mM LSZ, 1.53 pM
740 Y-P, and LSZ (1.6 mM) +740 Y-P (1.53 pM). We then
explored the SW480 proliferation by colony formation
assay, and the results showed that LSZ inhibited colony
formation and that more colonies were formed after the
addition of 740 Y-P. Moreover, the number of colonies
was significantly reduced by co-treatment of LSZ and
740 Y-P (Figure 4B). The Western blot assay revealed that
expressions of Ki67, N-cadherin, Vimentin, and a-SMA
were significantly decreased after LSZ treatment, while
the expression of E-cadherin was increased. This process
was reversed after 740 Y-P treatment. Notably, following
co-treatment with 740 Y-P and LSZ, the expressions of
Ki67, N-cadherin, Vimentin, and a-SMA decreased and
the protein level of E-cadherin increased, compared to
treatment with 740 Y-P alone (Figure 4C). Altogether, the
data demonstrated that LSZ regulated cell proliferation and
EMT by inactivating the PI3K/AKT/mTOR pathway in

colon cancer.

LSZ suppressed the growth of xenograft tumors in vivo

To confirm the anti-tumor effect of AS-IV in mice,
we established a SW480 xenograft tumor model. The
tumor weights of the LSZ-treated mice were found to
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be significantly lower than those of the corresponding
control mice (Figure 5A). In addition, we also tested
for Ki67 and N-cadherin expression in tumor tissues
by immunohistochemistry. As shown in Figure 5B, the
positive cell expressions of both Ki67 and N-cadherin were
remarkably decreased in the LSZ-treated group when
compared to the control group, suggesting LSZ exhibited
anti-tumor activity in vivo.

Discussion

At present, colon cancer is the third most likely to be
diagnosed across the globe. The disease’s tendency to
metastasize is behind the poor prognosis faced by colon
cancer patients (16). So far, chemotherapy is the primary
treatment for inhibiting colon cell proliferation and
angiogenesis. However, the emergence of some anti-tumor
drugs has provided more treatment options to be used in
combination with chemotherapy including bevacizumab,
cetuximab, and vemurafenib monoclonal antibodies, which
block the activity of VEGF and Ras/Raf and inactivate the
MAPK and PI3K/AKT pathways to improve survival in
patients with metastatic colorectal cancer (17). In recent
years, Chinese medicine has drawn continuous attention
due to its positive effects in the treatment of various
diseases. In this study, we demonstrated for the first time
that LSZ induced apoptosis, inhibited cell growth, motility,
and EMT via the PI3K/AKT/mTOR pathway, providing a
new possibility for colon cancer treatment.

LSZ originates from a Chinese herb that has been
proven to suppress tumor activity in a range of different
cancers (18,19). Past researches have reported that LSZ
stimulates anion secretion in the distal colon of rats
(20,21). In addition, LSZ was found to inhibit the activity,
migration, invasion and induced apoptosis of breast cancer
cells by affecting AKT and caspase-3-related activity (22).
Zou et al. found that novel LSZ-based synthetic
piperlongumine analogue strongly inhibited proliferation
and metastasis in colorectal cancer cells (23). Combined
with the previous paper, we studied the effect of LSZ on
colon cancer. The data showed that LSZ inhibited the
viability and motility of SW480 cell lines and stimulated
its apoptosis. In addition, we found that LSZ inhibited the
growth of SW480 cells through downregulation of the
mRNA levels of Ki67 and Bcl-2/Bax and upregulation of
caspase-3, which was consistent with the previous results.
Simultaneously, LSZ also slowed down cell metastasis
by regulating the EMT process. EMT, a biological
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were detected by Western blotting. After adding the PI3K inhibitor of 740 Y-P, cell proliferation ability (B) was detected by colony

formation assay (representative graphs were magnified at 100x), and the protein levels of Ki67, E-cadherin, N-cadherin, Vimentin, and a-SMA

(C) were detected by Western blotting. *, P<0.05; **, P<0.01 vs. control. The experiment was repeated in triplicate. LSZ, ligustrazine.

process, sees polarized epithelial cells subjected to
multiple biochemical changes through their basal surface
interacting with the basement membrane. enabling them
to exhibit mesenchymal phenotypes, including enhanced
migration and invasion (24). It is divided into three
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different subtypes, of which type 3 EMT is associated
with cancer progression and metastasis (25). The main
feature of EMT is the reduction of epithelial marker
membrane (E-cadherin) and the increase of mesenchymal
markers (N-cadherin and Vimentin) (26). Our study found

Transl Cancer Res 2020;9(5):3203-3213 | http://dx.doi.org/10.21037/tcr-20-940



Translational Cancer Research, Vol 9, No 5 May 2020

A 0.6 =

Tumor weight (g)

Control Ligustrazine

Ligustrazine

Control

3211

Ligustrazine

Ki67

N-cadherin

/7. Control
100= WM Ligustrazine 150 mg/kg
80+
o //
% 7
% 40+ % % *
20+ % /
0

Ki67 N-cadherin

Figure 5 The effect of LSZ on tumor growth. (A) The weights of isolated tumor tissues were scaled; (B) the positive expression of Ki67

and N-cadherin were conducted by immunohistochemistry (representative graphs were magnified at 200x). *, P<0.05 vs. control. The
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that the cell morphology was altered in SW480 cells,
and the E-cadherin (epithelial marker) mRNA level was
significantly increased, while the levels of mesenchymal
markers (N-cadherin, Vimentin, and a-SMA) were
decreased, suggesting changes in cell morphology may be
related to EMT, which mediates cell metastasis. In our
animal experiments, LSZ reduced the weight of colon
tumors, accompanied by downregulation of Ki67 and
N-cadherin. Together, these results demonstrate that LSZ
effectively hindered the progression of colon cancer and
prevented further deterioration of the tumor.

In many different types of cancer, the PI3K/AKT/
mTOR signal pathway is dysregulated and is considered
to be a promising target for therapy (12). Attention has
been increasingly drawn to the development of targeted

© Translational Cancer Research. All rights reserved.

therapies that inhibit this signal, as the PI3K/AKT/mTOR
pathway regulates cell cycles, angiogenesis, invasion,
apoptosis, and even drug resistance. Ma ez al. reported
that the activation of PI3K/AKT/mTOR signaling is
associated with colon cancer metastasis (16). Wang et al.
demonstrated that the PI3K/AKT signaling pathway
was involved in the regulation of metastasis-associated
colon cancer 1 (MACCI1) in 5-fluorouracil resistant
cells (27). In addition, Chen et al. found that the PI3K/
Akt/mTOR pathway mediated colon cancer stem cells
(CCSC) proliferation and survival attributed to increased
cleaved-caspase-3 (28). Importantly, the RAS/PI3K/AKT/
mTOR cascade carries a vital responsibility in ghrelin-
induced colon cancer cell proliferation (29). In this
study, we confirmed that LSZ significantly decreased the
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phosphorylation levels of PI3K, AKT, and mTOR. After
adding the activator 740 Y-P of PI3K, we found that LSZ
regulated SW480 cell proliferation and EMT-mediated
cell movement by inhibiting the activity of the PI3K/
AKT/mTOR pathway, supporting previous literature
conclusions.

Conclusions

In conclusion, our study demonstrated the potential value of
LSZ in slowing the progress of colon cancer, by inhibiting
cell proliferation, migration, invasion and EMT processes
and inducing apoptosis through the PI3K/AKT/mTOR
pathway in vitro. It may prove to be a candidate drug for
the treatment of colon cancer and even other malignancies.
Although we found that LSZ inhibited tumor growth in
mice, the mechanism of this action iz vivo requires more in-
depth research.
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