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ABSTRACT

Objective: To investigate the effect of β-elemene on the proliferation, migration, and invasion of colorectal cancer cells through 
Wnt/β -Catenin pathway.

Methods: Human colorectal cancer cell line HT-29 was randomly divided into a NC group, a 20 μg/ml β-elemene group, a 30 
μg/ ml β-elemene group, and a 40 μg/ml β-elemene group. The optical density (OD) value of HT-29 cells at 0h, 24h, 48h, and 72h and 
the cell migration ability (cell migration distance) at 0h and 48h were analyzed. The invasive ability (number of penetrating cells) of 
HT-29 cells in each group at 48h were compared. The NC group and the 40 μg/ml group were further analyzed. The expression levels 
of Wnt/β-catenin signaling pathway-related proteins in HT-29 cells in β- elemene Group (β-Catenin, p53, MMP-2).

Results: At 0h, there was no significant difference in the OD value of HT-29 cells in each group (P>0.05). At 24h, 48h, and 72h, the 
OD values of HT-29 cells in the β-elemene concentration group were significantly lower than those in the NC group in a concentration-
dependent manner (P<0.05). The migration distance of HT-29 cells in the β-elemene concentration group was significantly lower than 
that in the NC group (P<0.05). The number of HT-29 cells in the β-elemene concentration group was significantly lower than that in 
the NC group in a concentration-dependent manner (P<0.05). The expression levels of β-Catenin and MMP-2 in HT-29 cells in the 40 
μg/ml β-elemene group were significantly lower than those in the NC group, and the expression level of p53 protein was significantly 
higher than that in the NC group (P<0.05). 

Conclusion: β-elemene can inhibit the proliferation, migration, and invasion of colon cancer cells by blocking Wnt/β-catenin 
signaling pathway.
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Introduction

Colorectal cancer usually occurs in people of 
middle age and older. The disease originates anywhere 
in the colon or rectum, particularly the rectum and 
sigmoid colon. Adenocarcinoma is the primary 
pathological type of colorectal cancer, which can 
spread to other organs and tissues mediated by blood 
circulation and lymphatic pathways(1). The onset 
and evolution of colorectal cancer are characterized 
by changes in various types of gene levels, such 

as abnormal activation of proto-oncogenes and 
inactivation of oncogenes(2). Although the current 
clinical treatment of colorectal cancer can alleviate 
the patient's condition to a certain extent, it can also 
lead to nausea, vomiting, reduced immune function, 
and other toxic side effects in patients; additionally, 
the risk of recurrence after treatment is very high(3). 
Therefore, there is an urgent need to explore a safe 
and reliable anti-tumor drug to treat colorectal 
cancer. It is widely recognized that β-elemene 
has an anti-tumor effect. It has been reported that 
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β-elemene is a natural anti-angiogenic agent, which 
can block the expression of vascular endothelial 
growth factor, thereby inhibiting angiogenesis 
and achieving the purpose of inhibiting melanoma 
growth and metastasis(4). Studies related to lung 
cancer have confirmed that β-elemene has the ability 
to block tumor cell proliferation, and its mechanism 
may be realized by increasing the expression level of 
p53 protein and then accelerating exosome release(5). 

The wingless-type MMTV integration 
site family members (Wnt)/β-catenin signaling 
pathway plays a key role in embryogenesis, organ 
development, and other processes. Clinical studies 
have shown that abnormal activation of this pathway 
is closely related to the onset and evolution of 
tumors(6, 7). However, there are few reports on the 
effect of β-elemene on the biological behavior of 
colorectal cancer cells by acting on Wnt/β-catenin. 
Therefore, this study will report on β-elemene.

 
Materials and methods

Experimental materials
Human colorectal cancer cell line HT-29 was 

purchased from Wuhan Purity Biotechnology Co., 
Ltd.

Main reagents and instruments

Reagents
High sugar DMEM was purchased from 

Nanjing Saihongrui Biological Technology Co., 
Ltd. MTT was purchased from Wuhan Baijiekang 
Biological Technology Co., Ltd. Transwell Branch 
was purchased from Shanghai Shengbo Biomedical 
Technology Co., Ltd. The BCA protein concentration 
kit was purchased from Nanjing Nuvezan 
Biotechnology Co., Ltd. Polyclonal antibodies 
against β-catenin, p53, and MMP-2 were purchased 
from Wuhan Bafel Biotechnology Service Co., Ltd. 
GAPDH antibody was purchased from Shenzhen 
Haodi Huatuo Biotechnology Co., Ltd. Fetal bovine 
serum was purchased from Shenzhen Rayward Life 
Technology Co., Ltd. Trypsin was purchased from 
Chuzhou Snorda Biological Technology Co., Ltd.

Instrument
The super clean workbench was purchased 

from Beijing Jiayuan Xingye Technology Co., 
Ltd. The inverted microscope was purchased from 
Beijing Jinda Sunshine Technology Co., Ltd. The 
CO2 incubator was purchased from Guangzhou 

Juenerg Nanobiotech Co., Ltd. The low-temperature 
centrifuge was purchased from Changsha Baxi 
Instrument Co., Ltd. The electric thermostatic water 
bath box was purchased from Hangzhou Nuoding 
Scientific Equipment Co., Ltd. The film transfer 
instrument was purchased from Guangzhou Huijun 
Biotechnology Co., Ltd.

 
Methods
• Human colorectal cancer cell line HT-29 was 

cultured with high glucose DMEM, and the culture 
dishes were placed at 37℃ and 5% CO2. The culture 
medium was replaced once every other day, and 
further studies were carried out when the cells were 
in the logarithmic growth phase.

• HT-29 cells in logarithmic growth phase 
were randomly divided into a NC group, a 20 μg/
mL β-Elemene group, a 30 μg/mL β-Elemene 
group, and a 40 μg/mL β-Elemene group. Cells in 
each group were transplanted into 96 well plates at 
a density of 5×103 cells per well. HT-29 cells in NC 
group were not given any intervention, and HT-29 
cells in the 20 μg/mL β-Elemene group, the 30 μg/
mL β-Elemene group, and the 40 μg/mL β-Elemene 
group were given 20 μg/mL β-Elemene group, 30 
μg/mL β-Elemene group, and 40 μg/mL β-Elemene 
group, respectively.

• The proliferation ability (Optical density [OD] 
value) of HT-29 cells in each group was detected by 
MTT method at 0h, 24h, 48h, and 72h, respectively. 
Each experiment was repeated 3 times.

• The migration ability of HT-29 cells (cell 
migration interval) was measured by scratch test at 
0h and 48h, respectively. The invasion ability of HT-
29 cells in each group was measured by Transwell 
test at 48h, and each experiment was repeated 3 
times.

• After 48h, the expression levels of Wnt/β-
catenin signaling pathway related proteins (β-catenin, 
p53, and Matrix metalloproteinase 2[MMP-2]) in 
HT-29 cells of the NC group and the 40 μg/mL 
β-elemene group were determined by Western blot 
and were compared.

Statistical methods
All relevant data were analyzed by SPSS23.0, 

and the measurement data such as the OD value of 
HT-29 cells in each group were expressed as (x±s). 
The value comparison between two groups was 
performed by t-test, and the comparison between 
multiple groups was performed by one-way analysis 
of variance. P<0.05 was considered to be significant.
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Results

Comparison of HT-29 cell proliferation in 
each group

At 0h, there was no significant difference in 
OD value of HT-29 cells among all groups (P>0.05). 
At 24h, 48h and 72h, the OD value of HT-29 cells in 
the β-elemene concentration group was significantly 
lower than that in the NC group in a concentration-
dependent manner (P<0.05). See Table 1.

Comparison of migration ability of HT-29 
cells in each group

The migration spacing of HT-29 cells in the 
β-elemene concentration group was significantly 
lower than that in the NC group in a concentration-
dependent manner (P<0.05). See Table 2.

Comparison of the invasion ability of HT-29 
cells in each group

The number of HT-29 cell penetration in the 
β-elemene concentration group was significantly 
lower than that in the NC group in a concentration-
dependent manner (P<0.05). See Table 3.

Comparison of Wnt/β-catenin signaling 
pathway related protein expression levels in HT-29 
cells in each group

The protein expression levels of β-catenin and 
MMP-2 in HT-29 cells in 40 μg/mL β-elemene group 

were significantly lower than those in NC group, and 
the protein expression level of p53 was significantly 
higher than that in NC group (P<0.05). As shown in 
Table 4. 

Discussion

In the early stage of colorectal cancer, there 
are no obvious symptoms; however, in the middle 
and late stages of development, cancer cells spread. 
This can lead to limitations in the daily life of 
patients with colorectal cancer and is manifested as 
emaciation, weakness, anemia, and other symptoms 
(8). Clinical reports suggest that colorectal cancer 
incidence and mortality after gastric cancer and 
esophageal cancer and its treatment is given priority 
to with surgery and supplemented by radiation and 
chemotherapy patients clinical curative effect and 
prognosis is not ideal, however, lead to colorectal 
cancer treatment stalled, so the search for a reliable 
and effective against colorectal cancer treatment is 
imminent.

Elemene, extracted from Curcuma zedoary, 
is one of the new second-class anti-tumor drugs in 
China. Β-elemene is an active component of the 
drug, which plays a significant role in blocking 
tumor growth, promoting tumor cell apoptosis, and 
inhibiting tumor angiogenesis(9). Due to its strong 
lipophilicity and low molecular weight, β-elemene 
can be widely distributed through many organs 
and tissues and can easily pass through the blood-
brain barrier, which is conducive to blocking the 

Group 0h 24h 48h 72h

NC group 0.35±0.01 0.69±0.02 0.90±0.01 1.35±0.02

20 μg/mL β-elemene group 0.34±0.01 0.54±0.01a 0.69±0.02a 0.91±0.02a

30 μg/mL β-elemene group 0.36±0.01 0.47±0.01ab 0.55±0.01ab 0.75±0.01ab

40 μg/mL β-elemene group 0.35±0.02 0.39±0.02abc 0.45±0.02abc 0.59±0.01abc Group n β-catenin MMP-2 p53 GAPDH

NC 10 1.36±0.16 1.56±0.18 1.26±0.06 1.27±0.14

40μg/mL β-elemene 10 0.56±0.06 0.69±0.05 1.79±0.16 1.26±0.09

t 14.804 14.726 9.808 0.19

P <0.001 <0.001 <0.001 0.849

Group Migration spacing of HT-29 cells (cm)

NC group 0.51±0.11

20 μg/mL β-elemene group 0.40±0.08a

30 μg/mL β-elemene group 0.21±0.02ab

40 μg/mL β-elemene group 0.05±0.01abc

Group Number of HT-29 cell penetration

NC group 99.15±10.45

20 μg/mL β-elemene group 61.45±5.15a

30 μg/mL β-elemene group 19.12±1.23ab

40 μg/mL β-elemene group 10.59±0.56abc

Table 1: Comparison of OD values of HT-29 cells in each 
group (x±s). 
Note: a means compared with NC group, P<0.05; b was com-
pared with 20 μg/mL β-elemene group, P<0.05; c indicated that 
compared with 30 μg/mL β-elemene group, P<0.05.

Table 4: Comparison of β-catenin, p53 and MMP-2 pro-
tein expression levels in HT-29 cells of each group.

Table 2: Comparison of the migration ability of HT-29 
cells in each group (x±s). 
Note: a means compared with NC group, P<0.05; b was com-
pared with 20 μg/mL β-elemene group, P<0.05; c indicated that 
compared with 30 μg/mL β-elemene group, P<0.05.

Table 3: Comparison of the invasion ability of HT-29 cel-
ls in each group (x±s). 
Note: a means compared with NC group, P<0.05; b was com-
pared with 20 μg/mL β-elemene group, P<0.05; c indicated that 
compared with 30 μg/mL β-elemene group, P<0.05.
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occurrence and development of many types of 
tumors, such as liver and gastric cancers(10). Clinical 
studies have shown that β-elemene has the effect of 
single or combined therapy on some tumors, which 
can effectively reduce adverse reactions caused 
by radiotherapy and chemotherapy, reduce the 
recurrence rate of patients, and improve their survival 
time and quality of life(11). It has been reported that 
β-elemene can significantly inhibit the proliferation 
of prostate cancer cells and glioma cells. Studies 
related to human renal cell carcinoma have confirmed 
that β-elemene can promote 786-0 cell apoptosis and 
block the growth of cancer cells through inhibition 
of Mitogen-activated protein kinase/Extracellular 
signal-regulated kinase (MAPK/ERK) signaling 
pathway, and phosphatidylinositol-3-kinase/serine-
threonine kinase/Mammalian rapamycin targeting 
gene (PI3K/Akt/mTOR) signaling pathway(12). 
Studies related to colon cancer have confirmed that 
β-elemene can block the proliferation of DLD-1 and 
HT-29 cells and induce apoptosis and autophagy of 
cancer cells. This may be related to the enhancement 
of reactive oxygen species, the induction of the 
activation of Adenosine 5' -monophosphate-activated 
protein kinase (AMPK), and the inhibition of mTOR 
phosphorylation(13). The results of the MTT assay 
showed that β-elemene could significantly reduce 
the activity of HT-29 and inhibit the proliferation 
of human colorectal cancer cells in a concentration-
dependent manner. 

The results of the scratch assay and Transwell 
assay showed that β-elemene could block the 
migration and invasion of human colorectal cancer 
cells HT-29 in a concentration-dependent manner. 
The β-catenin gene is a proto-oncogene that is 
usually localized in the envelope and plays a key role 
in the Wnt/β-catenin signaling pathway, determining 
whether the pathway is turned on or off. Under 
normal physiological conditions, it can mediate the 
transfer of Wnt/β-catenin signaling pathway from 
the membrane to the cytoplasm or nucleus, and 
finally cause the activation of the signaling pathway. 
However, when the Wnt/β-catenin signaling pathway 
is in an abnormal state, the degradation of β-catenin 
is impaired. This leads to the aggregation of free 
β-catenin in the cytoplasm, which then metastases 
to the nucleus, and finally induces tumors(14). P53 
is a tumor suppressor gene, which can promote cell 
apoptosis by activating the transcription of many 
types of genes. For example, the increased expression 
level of p53 can lead to the decreased expression 
level of Bcl-2 and finally induce cell apoptosis(15). 

MMP-2, a migration and invasion-related protein, 
is a member of the matrix metalloproteinase family, 
which can degrade collagen V, collagen VII, and 
gelatin in the basement membrane of extracellular 
matrix protein. This can lead to complete damage 
of the basement membrane, and ultimately induce 
invasion and migration of cancer cells. In this study, 
we found that β-elemene inhibited the expression 
of β-catenin and MMP-2 proteins related to the 
Wnt/β-catenin signaling pathway and increased the 
expression of p53 protein.

In conclusion, β-elemene can inhibit the 
proliferation, migration, and invasion of colon 
cancer cells, and its mechanism may be achieved by 
blocking the Wnt/β-catenin signaling pathway.
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