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o-TEA inhibits the growth and motility of human colon
cancer cells via targeting RhoA/ROCK signaling
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Abstract. Colon or colorectal cancer is a common type of
human cancer, which originates in the intestine crassum or the
rectum. In the United States, colorectal cancer has one of the
highest rates of cancer-related mortality. Investigating novel
chemotherapeutic approaches is significant in the treatment of
cancers, such as colorectal cancer. a-tocopherol ether-linked
acetic acid (a-TEA) is a potent anticancer agent in multiple
types of human cancer. However, its effect remains to be
determined in colon cancer. In this study, HCT116 and SW480
human colon cancer cells were used to investigate the anti-
cancerrole of o-TEA. It was demonstrated that a-TEA inhibited
cell proliferation, migration and invasion in colon cancer cells.
Furthermore, it was shown that a-TEA downregulated the
activity of RhoA and phosphorylated Rho-associated protein
kinase (ROCK) substrate myosin light chain (MLC) using a
pull-down assay and western blotting, respectively, implying
that the RhoA/ROCK pathway is involved in o-TEA-mediated
cell growth and motility inhibition. In order to confirm this
hypothesis a RhoA inhibitor (clostridium botulinum C3 exoen-
zyme),a ROCK inhibitor (Y27632) and RhoA small interfering
(si)RNA were applied to block RhoA/ROCK signaling. This
resulted in the attenuation of MLC phosphorylation, and
augmentation of a-TEA-mediated growth and motility inhibi-
tion in colon cancer cells. In conclusion, these results indicate
that a-TEA inhibits growth and motility in colon cancer cells
possibly by targeting RhoA/ROCK signaling. Moreover,
combined with RhoA or ROCK inhibitors, a-TEA may exhibit
a more effective inhibitory role in colon cancer.
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Introduction

Colon (or colorectal) cancer is a common type of malignant
tumor, which is characterized by abnormal cell proliferation
without control in the lining of the colon and rectum. It is
the third most common type of cancer in Western countries.
Approximately 136,830 cases of colorectal cancer were diag-
nosed, and ~50,310 patients succumbed to colorectal cancer in
the United States in 2014 (1). The incidence, diagnostics and
therapeutic options have also changed in the last decades in
China. In the past ten years, the incidence rate has doubled and
it reached ~13% in 2015. In addition, clinical studies indicated
that when screened for the disease, African Americans tend
to be diagnosed with colorectal cancer at a younger age than
Caucasians (2). When colon cancer is diagnosed in the early
stages, it is curable and colon resection is an appropriate treat-
ment for non-muscle invasive colon cancer. However, surgery
is not curative when cancer cells have invaded into the muscle,
and the prognosis for patients with colon cancer at a more
advanced stage remains poor. Therefore, chemotherapy is an
alternative treatment strategy. Exhibiting a selective cytotox-
icity to tumor cells, use of a-tocopherol ether-linked acetic
acid (a-TEA) has as a chemotherapeutic agent has been a focus
of in vivo and in vitro studies in multiple types of cancer (3-8).
However, the exact impact and the mechanism underlying its
effect remains to be established.

Rho family members of GTPases have been reported to
be important in the regulation of certain biological functions
associated with cell movement and actin cytoskeleton rearrange-
ment (9). RhoA, as a member of GTPase family, is involved in
cell-cycle progression, gene transcription, cell polarity and focal
adhesion complex assembly (10). Similar to other GTPases,
RhoA can be changed from active to inactive states by the
exchange between GTP-bound and GDP-bound states. RhoA and
its downstream effectors, such as Rho-associated protein kinase
(ROCK) and myosin light chain (MLC), are closely associated
with multiple cellular biological functions such as cytoskeleton
reorganization, smooth muscle contraction, cell motility, prolif-
eration and protein expression (11-16). Rho-kinase modulates
cell stress fiber formation and intercellular connections to influ-
ence metastasis, proliferation or anchorage-independent growth
of tumor cells (17-26). Considering that high level expression of
RhoA is detected in anumber of malignant tumors, the regulation
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of RhoA activity has been applied to cancer control due to its
participation in cancer-associated signaling pathways (27-30).
The protein expression of RhoA is markedly higher in prostate
cancer cells than in normal prostate cells, as increased RhoA
protein expression is associated with abnormal cell growth (27).
RhoA silencing decreased androgen-regulated prostate cancer
cell survival and motility (27). RhoA has also been shown to be
activated in gastric cancer cells; additionally, downregulation of
RhoA activity prevented the abnormal proliferation of gastric
cancer cells by targeting RhoA-mammalian Diaphanous 1
signaling (28). Furthermore, RhoA expression has been found to
be markedly increased in testicular tumor tissue compared with
that in normal tissue; protein expression of RhoA and ROCK
were also higher in advanced cancer stages compared with that
in early stage cancer (31,32).

The present study investigated the impact of a-TEA on the
proliferation and motility of colon cancer cells, and determined
whether the RhoA/ROCK signaling pathway is involved in
mechanism underlying the effect of a-TEA.

Materials and methods

Cell culture. HCT116 human colon carcinoma and SW480
human colon adenocarcinoma cells (American Type Culture
Collection; Manassas, VA, USA) were grown in high glucose
Dulbecco's modified Eagle's medium (DMEM; Gibco, Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
with 10% fetal bovine serum (FBS; Lonza, Levallois-Perret,
France) and added to 100 ug/ml penicillin/streptomycin. Cell
lines were cultured at 37°C in a 5% CO, incubator.

Proliferation assay. Cell proliferation was assessed by MTT
dye conversion. Briefly, 10* cells were seeded in a 96-well
flat bottom plate after transfection. Cells were cultured in a
37°C, 5% CO, incubator for 24 h, followed by another 4 h after
20 ul MTT (5 mg/ml) was added to each well. Then, 200 ul
dimethylsulfoxide (DMSO) was added to the washed well to
lyse cells. Absorbance was detected using an enzyme-linked
immunosorbent assay spectrophotometer at 490 nm.

Migration and invasion assay. Cell migration was assessed
by a Transwell assay using 6.5 mm chambers with 8-ym
pore membranes. Then, 600 ] DMEM medium with or
without a-TEA, which was synthesized using a combination
of previously described methods was added to the lower
chamber (33,34). The suspension of 5x10* cells in 100 ul
DMEM medium with 1% fetal calf serum (Sigma-Aldrich,
St. Louis, MO, USA) was plated into the upper chamber with
or without a-TEA. After 20 h, cells on the undersurface of
the polycarbonate membranes were stained with crystal violet
(Amresco LLC, Cleveland, OH, USA) for 10 min at room
temperature and six randomly selected fields were observed
with a BX50 light microscope (Olympus, Tokyo, Japan) at
x100 magnification. The same procedure was conducted for
the invasion assay, except that 70 ul of 1 mg/ml Matrigel (BD
Biosciences) was added into the upper surface of the membrane
and the incubation time was prolonged to 24 h.

Transfection of HCT116 and SW480 cells by anti-RhoA
small interfering (siRNA. A small RNA that does not match
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any known genes was used as an siRNA control (Ambion,
Austin, TX, USA). Cells (2x10°) were then transfected with
RhoA or control siRNAs (Ambion) using Lipofectamine-2000
(Invitrogen; Thermo Fisher Scientific, Inc.) in 100-mm diameter
cell culture dishes. At 24 h after transfection, the cells were
cultured in 100 mm dishes and grown for 24 h prior to treatment
with 10 uM a-TEA.

Reverse transcription-quantitative polymerase chain reac-
tion. RNA was extracted using the Total RNA Isolation kit
(A&A Biotechnology, Gdynia, Poland) according to the manu-
facturer's instructions. Total RNA generated cDNA by reverse
transcription PCR using the RevertAid First Strand cDNA
synthesis kit (Fermentas International, Vilnius, Lithuania).
The cDNA was amplified using TagMan Gene Expression
Assay (Applied Biosystems, Foster City, CA, USA) in the
system containing specific primers for RhoA and glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH), and FAM-labeled
fluorescent probes. The following primers and probes were
used: Forward: 5-"AATGACGAGCACACGAGACGGGA-3',
reverse: 5'-ATGTACCCAAAAGCGCCAATCCT-3".
and TagMan fluorogenic probe: 5-CCCACCCTCTC-
CGGTGTGTCTGTCGGTT-3' for RhoA; and forward:
5'-CGACTTCAACAGCAACTCCCACTCTTCC-3, reverse:
5" TGGGTGGTCCAGGGTTTCTTACTCCTT-3' and fluoro-
genic probe: 5'-ATGCCCTCCCCCATGCCATCCTGCGT-3'
for the GAPDH gene. The genes were amplified by a first step
of 120 sec at 95°C, followed by 45 cycles of 30 sec at 95°C,
30 sec at 60°C, and 30 sec at 72°C. The real-time fluorescence
detection was performed with the ABI PRISM 7700 Sequence
Detector (Applied Biosystem, Thermo Fisher Scientific, Inc.).
The quantity of mRNA expression for RhoA was calculated
using the formula 2424 and was normalized to the level of
GAPDH (35). The relative quantity of mRNA in siRNA-
treated cells was presented as the relative value of mRNA in
the untreated cells.

RhoA activity assays. The activity of RhoA was assessed
in colon cancer cells by a pull-down assay for GTP-bound
RhoA (36). GTP-bound RhoA was precipitated from cell
lysates with Rhotekin RBD (Upstate Biotechnology, Lake
Placid, NY, USA). Active RhoA and total RhoA were detected
by western blotting using an anti-RhoA mAb.

MLC phosphorylation. Cells were starved for 24 h in
serum-free DMEM medium, and then were treated with or
without a-TEA for 1 h in 5% CO, at 37°C. The cells were
lysed with cell lysis buffer B (1% Triton X-100, 30 mM
HEPES NaOH, pH 7.4; 1 mM EGTA, 20 mM NaF, 1 mM
Na;VO,, 40 mM Na,P,0;, 100 mM NaCl, 10 pg/ml aprotinin,
10 pg/ml leupeptin, 10 pg/ml pepstatin and 1 mM PMSF). The
supernatants from the centrifuged (10,000 x g for 10 min) cell
lysates were collected and then were assayed by western blot-
ting using anti-MLC or anti-pMLC antibodies.

Western blotting. Cells were washed with phosphate-buffered
saline and lysed in lysis buffer (50 mM HEPES pH 8.0; 1%
Triton X-100, 1.5 mM EDTA, 150 mM NacCl, 1 mM Na,VO,,
50 mM NaF, 1 mM MgCl,, 20 mM B-glycerophosphate, 10%
glycerol, 1 uM pepstatin A, 1 mM phenylmethylsulphonyl
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Figure 1. a-TEA attenuated migration and invasion of colon cancer cells.
(A) Migration and (B) invasion of HCT116 and SW480 cells measured by a
Transwell assay. Cells were seeded into the upper chamber in the absence or
presence of a-TEA. Following incubation, the migrating and invading cells
were stained and counted. (C) Proliferation of cells was assessed by an MTT
assay. Migration, invasion or proliferation ability was expressed as a ratio
relative to non-treated control. Data are presented as the mean + standard
error of the mean of three independent experiments. "P<0.05. N.S., not sig-
nificant; a-TEA, a-tocopherol ether-linked acetic acid.

fluoride and 10 pg/ml aprotonin). Cell lysate was centrifuged
at 10,000 x g for 10 min, and the supernatant was collected.
Protein samples were quantified using a bicinchoninic acid
assay Protein Assay kit (Beyotime, Beyotime Institute of
Biotechnology, Jiangsu, China). Total protein samples (50 pg)
were separated by 12% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and transferred to polyvinylidene
fluoride membranes (EMD Millipore, Beverly, MA, USA).
Rabbit anti-RhoA (1:1,000, cat. no. sc-179) and mouse
anti-GAPDH antibodies (1:5,000, cat. no. sc-365062) (Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA), rabbit anti-
MLC (1:1,000, cat. no. #3672), rabbit anti-phosphorylated
MLC (pMLC; 1:1,000, cat. no. 3674S) antibodies, and horse-
radish peroxidase (HRP)-conjugated goat anti-rabbit IgG
secondary antibody (1:2,000, cat. no. #7074) (Cell Signaling
Technology, Beverly, MA, USA) and HRP conjugated horse
anti-mouse IgG secondary antibody (1:2,000, cat. no. #7076,
Cell Signaling Technology) were used. Enhanced chemi-
luminescence-detecting reagent (Amersham Biosciences,
Buckinghamshire, UK) was used for development. The protein
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Figure 2. RhoA activation was inhibited by a-TEA. (A) HCT116 cells were
cultured in serum-free Dulbecco's modified Eagle's medium for 24 h, and
then exposed to a-TEA. Following treatment with a-TEA, the cells were har-
vested. RhoA activity was assessed by a rhotekin-based pull-down assay over
time following treatment with 10 uM o-TEA. Active RhoA (in pull-down
samples) and total RhoA (in total lysates) were detected by western blotting
using an anti-RhoA antibody. The blots were quantified by densitometry,
and the results were expressed as ratio relative to the values obtained in
non-treated control cells (0 min). “P<0.01 vs. control. a-TEA, a-tocopherol
ether-linked acetic acid.
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Figure 3. a-TEA reduced MLC phosphorylation. HCT116 cells were starved
in serum-free Dulbecco's modified Eagle's medium for 24 h, and then treated
with 10 uM o-TEA and monitored over time. MLC phosphorylation was
evaluated by western blotting. The blots were quantified by densitometry,
and the results were expressed as a ratio relative to the values obtained in
non-treated control cells (0 min). “P<0.01 vs. control. a-TEA, a-tocopherol
ether-linked acetic acid; MLC, myosin light chain; pMLC, phosphorylated
MLC.

blots were quantified by densitometry using Quantity One
software v 4.5.0 (Bio-Rad Laboratories Inc., Hercules, CA,
USA), and the amounts were expressed relative to the internal
reference GAPDH.

Statistical analysis. SPSS version 11.0 (SPSS Inc., Chicago,
IL, USA) was used to analyze the experimental data. Data
are presented as the mean =+ standard error of the mean. All
of the experiments were repeated in at least three times.
P<0.05 was considered to indicate a statistically significant
difference.
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Figure 4. Effects of RhoA and ROCK inhibitors and RhoA siRNA combined with a-TEA on the migration and invasion of colon cancer cells. Untreated
control and 10 uM a-TEA-treated HCT116 and SW480 cells were induced with or without 50 yg/ml RhoA inhibitor C3 exoenzyme or 50 uM ROCK
inhibitor Y27632. (A) Migration and (B) invasion were detected using a Transwell assay. (C) Impact of inhibitors of RhoA and ROCK combined with
a-TEA on MLC phosphorylation in HCT116 cells. Untreated control and a-TEA-treated cells were induced with or without inhibitors of RhoA and ROCK.
MLC phosphorylation was evaluated by western blotting using anti-MLC and anti-pMLC antibodies. The blots were quantified by densitometry, and the
results are expressed as a ratio relative to the values obtained in untreated control cells. Data are presented as the mean + standard error of the mean of
three independent experiments. “P<0.05 and “P<0.01. (D) Impact of RhoA siRNA on RhoA mRNA and protein expression. HCT116 cells were transfected
with RhoA siRNA for 48 h. mRNA and protein were extracted, and then reverse transcription-polymerase chain reaction and western blotting were used
to detect RhoA mRNA and protein expression, respectively. (E) HCT116 cells were transfected with or without RhoA siRNA for 48 h, and then treated
with 10 M a-TEA and cell migration was evaluated by Transwell assay. "P<0.05 and “P<0.01 vs. control. (F) Activity of RhoA and MLC phosphorylation
were assessed by western blotting using anti-RhoA, anti-pMLC and anti-MLC antibodies. The blots were quantified by densitometry. “P<0.01 vs. control.
MLC, myosin light chain; pMLC, phosphorylated MLC; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; siRNA, small interfering RNA; a-TEA,
a-tocopherol ether-linked acetic acid; ROCK, Rho-associated protein kinase.

Results 100 uM. Cell proliferation was assessed by an MTT assay

to determine whether it was regulated by a-TEA at various
a-TEA attenuates the migration and invasion of colon  concentrations for 24 h. a-TEA decreased the cell prolifera-
cancer cells. To investigate whether a-TEA affects the tionat20,50or 100 M for 24 h,and a-TEA mediated the most
motility of colon cancer cells, migration and invasion assays  significant decrease of cell proliferation at 50 M concentra-
were conducted in vitro. As shown in Fig. 1A and B, a-TEA  tion compared with non-treated control group. (Fig. 1C). Cell
attenuated cellular migration and invasion in HCT116 and  proliferation was not indicated to be significantly different
SW480 cells in a dose-dependent manner between 1 M and  between 1 and 10 uM a-TEA treatment (Fig. 1C). These data
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Figure 5. Effect of treatment with RhoA and ROCK inhibitors in combi-
nation with a-TEA on proliferation. HCT116 cells was treated with 20 yM
a-TEA, (A) plus RhoA inhibitor C3 exoenzyme, or (B) plus ROCK inhibitor
Y27632 for 24 h. Cell proliferation was assessed by an MTT assay. MLC
phosphorylation was evaluated by western blotting. The blots were quantified
by densitometry. "P<0.05 and “"P<0.01 vs. control. ROCK, Rho-associated
protein kinase; a-TEA, a-tocopherol ether-linked acetic acid; Ctrl, control;
MLC, myosin light chain; pMLC, phosphorylated MLC.

demonstrated that a-TEA inhibited cell migration and inva-
sion independently of its role in cell proliferation.

a-TEA decreases RhoA activity. It was then investigated how
o-TEA attenuates cell proliferation and motility. RhoA, as a
Rho GTPase, participates in the regulation of cell viability and
cell-cycle progression. To determine whether a-TEA affects
the activity of RhoA in colon cancer cells, GTP-bound RhoA
was detected in HCT116 colon cancer cells by a pull-down
assay. The results demonstrated that the activity of RhoA was
decreased by 10 M o-TEA treatment, and the activity reached
the trough at 30 min followed by a gradual increase close to
the initial level (Fig. 2). These results indicated that a-TEA
inhibited RhoA activity in HCT116 colon cancer cells.

a-TEA downregulates MLC phosphorylation. As RhoA can
activate ROCK and then contribute to the phosphorylation
of MLC (14), its phosphorylation in a-TEA-treated cells was
determined. Western blotting showed that the phosphorylation
of MLC decreased transiently in cells treated with 10 xM
o-TEA, reaching a trough at 30 min, and then followed by a
gradual increase (Fig. 3). These results indicated that a-TEA
decreased MLC phosphorylation.

RhoA and ROCK inhibitors, and RhoA siRNA augment
a-TEA-induced inhibition of motility. To verify the participation
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of members of the RhoA/ROCK signaling pathway in a-TEA-
induced inhibition of motility, HCT116 and SW480 cells were
treated with 10 uM o-TEA, plus 50 xg/ml RhoA inhibitor
C3 exoenzyme and 50 xM ROCK inhibitor Y27632 for 24 h.
Treatment with a-TEA or inhibitors alone led to limited decrease
in cell migration and invasion, whereas a-TEA combined with
each inhibitors markedly augmented inhibition of migration and
invasion relative to single treatments (Fig. 4A and B). a-TEA
and inhibitors of RhoA and ROCK reduced the levels of MLC
phosphorylation. Combination treatment with RhoA or ROCK
inhibitors enhanced a-TEA inhibition of MLC phosphoryla-
tion (Fig. 4C), suggesting that RhoA and ROCK mediated
o-TEA-induced downregulation of MLC phosphorylation. In
addition, RhoA siRNA significantly decreased RhoA mRNA
and protein expression (Fig. 4D). Combination of a-TEA and
RhoA siRNA acted synergistically to inhibit cell migration
(Fig. 4E), and reduced active RhoA and MLC phosphorylation
in HCT116 cells (Fig. 4F). These data indicated that a-TEA
could downregulate active RhoA and MLC phosphorylation,
and that a-TEA acted synergistically with RhoA and ROCK
chemical inhibitors to inhibit colon cancer cell motility.

RhoA and ROCK inhibitors enhance a-TEA-induced prolif-
eration inhibition. To investigate whether the RhoA/ROCK
pathway is associated with a-TEA-induced cell proliferation
inhibition, HCT116 cells were treated with 20 uM a-TEA, plus
50 pg/ml C3 exoenzyme or 50 uM Y27632 for 24 h. Treatment
with a-TEA or an inhibitor alone resulted in a significant
decrease in proliferation. However, a-TEA in combination
with each inhibitor significantly enhanced inhibition of prolif-
eration compared with the single treatments (Fig. 5A and B).
Moreover, RhoA and ROCK inhibitors acted synergistically
to augment o-TEA inhibition of MLC phosphorylation,
respectively (Fig. 5SA and B). These results indicated that
RhoA/ROCK signaling was involved in a-TEA-mediated cell
growth inhibition.

Discussion

Despite several treatment options, colon cancer remains a
leading cause cancer-related mortality. A major reason for the
poor prognosis of metastatic tumors is the development of drug
resistance. Thus, the development of novel antitumor agents to
prevent and treat colon cancer is required. a-TEA, a vitamin E
analogue, has chemopreventive and chemotherapeutic activi-
ties. In recent years, it has been established that a-TEA has
the ability to inhibit tumor progression in vivo (37,38). The
antitumor activities of a-TEA have been extensively character-
ized using in vitro systems. o-TEA has been reported to be
widely used in cancer treatment based on multiple antitumor
mechanisms in a variety of human cancers. a-TEA augments
the inhibition of trastuzumab on breast cancer with HER2/neu
expression (39). a-TEA inhibits tumor growth by stimulating
the anticancer immune response in breast cancer (33). a-TEA
induces apoptosis via an increase in pro-death factors and
decrease in pro-survival factors in human prostate cancer
cells (8), and via the JNK-p73-NOXA signaling pathway in
human breast cancer cells (40). a-TEA activates Fas signaling
and inhibits AKT and ERK activity, which induces the
apoptosis of cisplatin-sensitive and -resistant human ovarian
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cancer cells (76). a-TEA has been reported to exhibit anti-
tumor and antimetastatic activities in cell culture and animal
studies(6,41). However, it is unclear whether a-TEA exhibits
these effects on colon cancer, and there are few studies
regarding the mechanism underlying the antimetastasis asso-
ciated molecular mechanism of a-TEA. In the present study,
it was demonstrated that a-TEA inhibited proliferation and
motility of colon cancer cells and researched the underlying
mechanism of action.

RhoA expression is high in liver (42), skin (43) and
colon (44) cancer. An increase in RhoA expression is
observed in conjunction with elevated RhoA activity,
poor prognosis and increased frequency of recurrence of
cancer. Furthermore, increased RhoA levels were reported
in ovarian (31), bladder (45), gastric (46), breast (47) and
testicular (32) cancer. These data demonstrate that RhoA is
closely associated with cancer progression. Metastasis is a
key reason for cancer-related mortality, and is the final step
in the progression of a number of solid tumors. Migration
and invasion properties of tumor cells show cellular
metastatic ability. In order to improve the status of cancer
patients, consideration of malignant properties is required.
MLC phosphorylation induces actomyosin contraction,
which is closely associated with cellular migration and
invasion (41,48,49). In addition, RhoA can activate ROCK
and stimulate the phosphorylation of MLC (14). Therefore,
it is assumed that the inhibition of cellular migration and
invasion mediated by a-TEA may result from abnormal
phosphorylation of MLC via RhoA/ROCK signaling. As
expected, a-TEA reduced RhoA activity and downregulated
MLC phosphorylation. Moreover, the effect of a-TEA was
enhanced by co-treatment with RhoA and MLC inhibitors.
However, RhoA regulates cellular biological functions in
cancer through several signaling mechanisms. p27 is a RhoA
binding protein, which is critical for modulating the growth
and proliferation of cells. p27 regulates the cell cycle and
is crucial in cell migration and motility. Binding of p27
and RhoA is involved in the regulation of the activation
of the RhoA/ROCK pathway (50). In this study, p27 may
participate in a-TEA-induced inhibition of proliferation
and motility of colon cancer cells via the RhoA/ROCK
pathway. Additionally, p27RF-RhoA and membrane type-1
matrix metalloproteinase (MT1-MMP) are critical in tumor
cell invasion. p27RF-Rho stimulates RhoA activation and
promotes the formation of punctate actin structures termed
invadopodia, which are important for regulating tumor cell
invasion. RhoA induces invadopodia with localized concen-
trations of matrix protease activity that colocalize with
MTI1-MMP, actin and cortactin in invasive tumor cells (51).
p90 ribosomal S6 kinase is an effector of the Ras-MAPK
cascade and it inhibits RhoA-induced cell motility by
disturbing actomyosin stability. Therefore, whether other
signaling pathways or proteins are involved in the activity
of a-TEA on colon cancer cell malignance remains to be
established.

In conclusion, a-TEA downregulates RhoA/ROCK
signaling and inhibits cancer progression. Thus, a-TEA
combined with RhoA/ROCK/MLC signaling pathway inhibi-
tors may be a beneficial therapeutic strategy for preventing the
development of colon cancer.
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