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Curcumol inhibits the viability and invasion of colorectal
cancer cells via miR-30a-5p and Hippo signaling pathway
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Abstract. MicroRNA-30a-5p (miR-30a-5p), which functions
as a tumor suppressor, has been reported to be downregulated
in colorectal cancer (CRC) tissues and to be associated with
cancer invasion. However, the detailed regulatory mechanism
of curcumol in the malignant progression of CRC remains
unknown. MTT, Transwell, scratch, western blotting and
reverse transcription-quantitative PCR assays were performed
to examine how curcumol inhibited CRC cell viability, inva-
sion and migration, and to detect the role of miR-30a-5p
and curcumol in the invasion and Hippo signaling pathways
of CRC cells. The present study revealed that miR-30a-5p
expression was downregulated in human CRC tissues and
cells. The results demonstrated that miR-30a-5p down-
regulation was accompanied by the inactivation of the Hippo
signaling pathway, which was demonstrated to promote CRC
cell viability, invasion and migration. Curcumol treatment
was identified to increase miR-30a-5p expression and to
activate the Hippo signaling pathway, which in turn inhibited
the invasion and migration of CRC cells. Overexpression of
miR-30a-5p enhanced the effects of curcumol on cell invasion
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and migration, and the Hippo signaling pathway in CRC cells.
Furthermore, downregulation of miR-30a-5p reversed the
effects of curcumol on cell invasion and migration, and the
Hippo signaling pathway in CRC cells. These findings identi-
fied novel signaling pathways associated with miR-30a-5p and
revealed the effects of curcumol on miR-30a-5p expression.
Therefore, curcumol may serve as a potential therapeutic
strategy to delay CRC progression.

Introduction

Colorectal cancer (CRC) is a common gastrointestinal tumor
in China (1). CRC was the third most widely diagnosed cancer
and had the second highest mortality among cancer types
worldwide in 2018 (2). Low survival rates, poor surgical
prognosis and the emergence of drug resistance have resulted
in unsatisfactory clinical outcomes. The invasion of CRC is
one of the main reasons for its high mortality and poor prog-
nosis (3). Furthermore, ~90% of CRC-associated deaths are
associated with distant invasion (4). There is no specific treat-
ment to restrain the invasion, which indicates the importance
of identifying novel molecular mechanisms driving these
processes. Therefore, identifying novel therapeutic strategies
and novel target molecules for the invasion of CRC remains
important.

MicroRNAs (miRNAs/miRs) are a class of non-coding
single-stranded small-molecule RNAs that degrade target
gene expression via binding to the 3'-untranslated region. It has
been reported that numerous miRNAs, including the miR-30
family, serve important roles in the regulation of cancer
cell migration and invasion (5-7). It has been reported that
miR-30a-5p expression is decreased in primary gallbladder
cancer (GBC) lesions, and inhibition of its expression in GBC
cells promoted migration and invasion (8). Wang et al (9)
reported that miR-30a-5p upregulation can inhibit ovarian
cancer epithelial-mesenchymal transition (EMT) and invasion.
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In addition, miR-30a-5p expression is downregulated in CRC
lesions and suppresses CRC invasion via the inhibition of
integrin (3-3 (ITGB3) (10), suggesting that miR-30a-5p may be
a promising target for the treatment of CRC.

Yes-associated protein (YAP), which is a crucial down-
stream effector of the Hippo signaling pathway, has also been
demonstrated to be involved in the EMT process (11,12).
Furthermore, it has been demonstrated that dysregulation of
the Hippo-YAP signaling pathway is associated with EMT and
cancer progression mainly driven by YAP (12,13). Therefore,
YAP-mediated EMT is considered to be a critical therapeutic
target to inhibit YAP-promoted tumor invasion, and YAP may
be a promising target for the treatment of CRC.

Curcumol is extracted from the traditional Chinese medi-
cine Rhizoma curcumae, which has been reported to possess
multiple pharmacological bioactivities, including antioxidant,
anti-inflammatory, antifibrosis, antimicrobial and antitumor
activities (14-16). It has been demonstrated that curcumol
exerts antitumor effects against multiple types of cancer,
including gastric cancer (17), cholangiocarcinoma (18), naso-
pharyngeal carcinoma (19) and colorectal carcinoma (20).
Our previous studies revealed that curcumol inhibits CRC cell
proliferation and induces apoptosis via the p38 MAPK and
PI3K/Akt signaling pathways (21,22). However, to the best of
our knowledge, the specific mechanism of curcumol-inhibited
CRC cell invasion has not been clearly elucidated. The present
study examined the effects of curcumol on miR-30a-5p and the
YAP signaling pathway, and revealed its possible mechanisms
of CRC cell invasion inhibition.

Materials and methods

Reagents and cell lines. RPMI-1640, DMEM, Opti-MEM
I Reduced Serum medium and FBS were purchased from
Gibco; Thermo Fisher Scientific, Inc. MTT and DMSO were
purchased from Amresco, LLC. All-in-One miRNA Detection
kit was purchased from GeneCopoeia, Inc. TRNzol Universal
RNA Reagent was purchased from Tiangen Biotech Co.,
Ltd. GoScript™ Reverse Transcriptase was purchased from
Promega Corporation. UltraSYBR Mixture was purchased
from Jiangsu Kangwei Century Biotechnology Co., Ltd.
Lipofectamine™ 3000 transfection reagent was purchased
from Invitrogen; Thermo Fisher Scientific, Inc. pPLK/GFP+
Puro-hsa-miR-30a-5p sponge (miR-30a-5p-sp) and its nega-
tive control (NC) were purchased from Yipu Biotechnology.
Hsa-miR-30a-5p-mimic and its NC were purchased from
Shanghai Integrated Biotech Solutions Co., Ltd. SW480 human
CRC cell lines were obtained from Xiangya Medical College
of Central South University (Changsha, China) and stored at
our laboratory (Key Laboratory of Pharmacognosy, Guilin
Medical University, Guilin, China). The HCT116 and SW620
human CRC cell lines were purchased from American Type
Culture Collection. The HCoEpiC human normal colorectal
cell line was purchased from Jennio Biotech Co., Ltd..

Study samples. CRC tissues and matched tumor-adjacent
tissues were obtained from patients with CRC at the First
Affiliated Hospital of Guilin Medical College (Guilin, China).
These samples were collected between February 2016 and
August 2016. The age under 49 years old (17.65%), the age

between 50-69 years old (66.17%), the age over 70 years old
(16.18%). There were 36.76% male patients and 63.24% female
patients. The inclusion criteria was that patients diagnosed
with colon cancer. The inclusion criteria was that patients
without drug intervention. The corresponding adjacent tissues
were obtained =2 cm apart from the cancerous node. It was
determined that the patients did not receive any preoperative
treatment. All tissues were quickly frozen in liquid nitrogen
and stored at -80°C until use. All samples were studied with
the written consent of the patient and approval from Guilin
Medical College Ethics Committee (Guilin, China).

Xenograft assays. BALB/c athymic nude mice (male; weight,
~20 g; n=10 mice) were purchased from Shanghai SLAC
Laboratory Animal Co., Ltd, and were housed under standard
laboratory conditions. HCT116 cells (1x107) suspended in
200 ul sterile PBS were injected subcutaneously into the right
flank of 5-week-old BALB/c nude mice. After 2 weeks, when
the tumor size reached ~100 mm?, the mice were randomly
divided into two groups (5 mice in each group). Curcumol was
dissolved in 90% propylene glycol, and the mode of adminis-
tration was intragastric. The maximal tumor volume allowed
in in vivo experiments was ~900 mm?®. The room tempera-
ture was 26-28°C, the relative humidity was maintained at
40-60% and a 14-h light/10-h dark cycle was used. The food
and drinking water required by nude mice was autoclaved
(45 min; 120°C). Commercial mice diet-pellets and water
were available to mice ad libitum. After 3 weeks of treat-
ment, mice were sacrificed by cervical dislocation at room
temperature. The time interval between injection and final
tumor growth measurement and/or the end of the experiment
was 5 weeks. The dose of sodium pentobarbital anesthesia
was calculated according to body weight. All operations
were performed under sodium pentobarbital anesthesia and
intraperitoneal administration was selected. All efforts were
made to minimize suffering. The tumor issues were collected
in a 1.5 ml Eppendorf tube and stored at -80°C until further
use. The present study was approved by the Committee
on the Ethics of Animal Experiments of Guilin Medical
College (Guilin, China).

Curcumol preparation. Curcumol was purchased from
Guizhou Dida Technology Co., Ltd.. The storage solution of
curcumol was prepared as 20 mg curcumol dissolved in 1 ml
anhydrous ethanol as the original solution, and this was then
diluted to the desired concentration. Curcumol solution was
stored at -4°C.

Cell culture. Human CRC cell lines (HCT116, SW480 and
SW620) were cultured in RPMI-1640 medium with 10% FBS,
100 U/ml penicillin and streptomycin. The HCoEpiC human
normal colorectal cell line was cultured in MEM with 10%
FBS, 100 U/ml penicillin and streptomycin. The cells were
washed with 1X PBS and digested with 0.25% trypsin. The
cells were cultured in an incubator at 37°C with 5% CO,. The
cells were routinely passaged 3-4 times a week, and after cells
were completely adherent to the dishes, cells were treated
with curcumol for 48 h in an incubator at 37°C with 5% CO,
for subsequent experiments. The remaining cell lines were
stored at -80°C.
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Table I. Sequences of forward and reverse primers used in
reverse transcription-quantitative PCR.

Gene Sequences (5'-3")
E-cadherin F: CACCCGGGACAACGTTTATTA

R: AGCTGGCTCAAGTCAAAGTC
[-catenin F: CTGCCAAGTGGGTGGTATAG

R: CAGATGACGAAGAGCACAGAT
MMP2 F: GGCACCCATTTACACCTACA

R: CCAAGGTCAATGTCAGGAGAG
LATSI F: ATCTCCCGAATCTCTCCTGT

R: AATGCCTCTCTGTCCTTGATTAG
MST-1 F: GAGACCAAAGGTACGGGTAATG

R: GTCCTCGGTGCTTGATGTT
YAP1 F: AGCATCTTCGACAGTCTTCTTT

R: GTTGTTGTCTGATCGATGTGATTT
GAPDH F: TGCACCACCAACTGCTTAGC

R: GGCATGGACTGTGGTCATGAG

YAPI1, Yes-associated protein; MST-1, mammalian STE20-like
protein kinase; LATS1, large tumor suppressor kinase 1; F, forward,
R, reverse.

Plasmid construction, stable transfection and cell transfection.
miR-30a-5p-sp and its NC were purchased from Yipu
Biotechnology. miR-30a-5p-sp (1.215 pg) plasmid was used to
knock down the expression of miR-30a-5p, and miR-30a-5p-sp
is an inhibitor of miR-30a-5p. miR-30a-5p-sp (1.215 ug)
plasmid was transfected into HCT116 cells, and the duration
of transfection was 48 h. Subsequently, 1x10” HCT1116 cells
transfected with miR-30a-5p sponge or NC were collected. The
multiplicity of infection used to infect cells was 5. miR-30a-5p
mimic was used to overexpress miR-30a-5p. miR-30a-5p-sp
plasmid (50 ng/ul) was amplified using the endotoxin-free
medium extraction kit, and agarose gel electrophoresis (1%)
was used to detect miR-30a-5p amplification. The amplified
plasmids were packaged into 293T cells (American Type
Culture Collection) using Lipofectamine® 3000 (7.5 pl)
and P3000 (5 pl) reagents at 37°C with 5% CO, A second
generation lentivirus packaging system was used. The ratio of
PMD2.G:PSPAx2:miR-30a-5p-sp or NC (1.215 ug) was 1:2:2.
The liquid was changed 6 h later. The supernatant was collected
after 24 h. The supernatant was obtained by centrifugation, and
the centrifugation conditions were 2,500 x g for 3 min at room
temperature. The 293T cells were cultured in DMEM with 10%
FBS and 100 U/ml penicillin and streptomycin. The cells were
washed with 1X PBS and digested with 0.25% trypsin. The
cells were cultured in an incubator at 37°C with 5% CO,. The
cells were routinely passaged 3-4 times a week. HCT116 cells
were transfected with miR-30a-5p-sp for 5 h and subsequently
placed in fresh medium for 12 h at 37°C with 5% CO,. The fluo-
rescence of miR-30a-5p-sp and its NC was observed following
transfection for 24 h to confirm successful transfection. The
sequence of short hairpin RNA targeting miR-30a-5p-sp was
as follows: 5'-CTTCCAGTCGCCTTGTTTACA-3". Empty

vector (miR-30a-5p-sp-NC) was transfected into HCT116
cells, in which no gene sequence was inserted. miR-30a-5p
mimic (20 yM) was transfected into HCT116 cells using
Lipofectamine® 3000 reagent. The duration of transfection was
48 h. The miR-30a-5p mimic sequence was as follows: Sense,
5'-UGUAAACAUCCUCGACUGGAAG-3' and anti-sense,
5'-CUUCCAGUCGAGGAUGUUUACA-3". The mimics NC
sequence was as follows: Sense, 5-UCACAACCUCCUAGA
AAGAGUAGA-3' and anti-sense, 5'-UACUCUUUCUAGGAG
GUUGUGAUU-3'. The cells were cultured for another 48 h
and harvested for subsequent experiments.

MTT analysis. HCT116 cells were cultured in 96-well plates at
a density of 3x10° cells/well and treated with various concen-
trations of curcumol (0, 10, 20, 40, 80, 100, 120 and 160 pg/ml)
at 37°C. After 24,48 and 72 h, 20 ul MTT solution was added,
and the cells were cultured for another 4 h in an incubator at
37°C with 5% CO,. A total of 150 ul DMSO was added once
the cell suspension was removed. The absorbance values were
measured at a wavelength of 490 nm using a microplate reader.
The optical density values were used to calculate the ICs,. The
experiment was performed in triplicate.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was extracted from tissues and cells
using TRNzol Universal RNA Reagent (Tiangen Biotech Co.,
Ltd.) according to the manufacturer's protocol. The 260/280
values ranged between 1.8 and 2.2. A total of 2 ug total RNA
was reverse transcribed into cDNA using a GoScript™ Reverse
Transcription Mix at 42°C for 20 min and 90°C for 5 min.
The fluorophore was SYBR Green (CoWin Biosciences). The
thermocycling conditions were as follows: 95°C for 30 sec,
40 cycles of 95°C for 5 sec and 60°C for 30 sec, followed by
95°C for 15 sec, 60°C for 1 min, 95°C for 15 sec and 50°C
for 30 sec. This protocol was used for E-cadherin, $-catenin,
MMP2, LATSI1, MST-1, YAP1 and GAPDH. The primers
were purchased from Invitrogen; Thermo Fisher Scientific,
Inc.). The primer sequences are presented in Table I. A total of
2 ug total RNA was reverse transcribed using the All-in-One
miRNA Detection kit at 37°C for 1 h and 85°C for 5 min,
and the thermocycling conditions were as follows: 95°C for
10 min, followed by 40 cycles of 95°C for 10 sec and 60°C for
1 min. This protocol was used for miR-30a-5p. RT-qPCR was
performed using the Applied Biosystems 7500 Fast RT-PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
U6 was used as the internal control to normalize miR-30a-5p
expression. The sequences of the U6 primers were as follows:
Forward, 5-GCTTCGGCAGCACATATACTAAAAT-3'
and reverse, 5'-CGCTTCACGAATTTGCGTGTCAT-3". The
hsa-miR-30a-5p primer was purchased from GeneCopoeia,
Inc. The relative expression levels of miR-30a-5p were calcu-
lated using the 224%4 method (23). The experiments were
performed in biological triplicates.

Western blotting. Protein was extracted from tissues/cells using
RIPA lysis buffer (Beijing Solarbio Science & Technology Co.,
Ltd.) containing 2 pg/ml aprotinin, 5 yg/ml leupeptin, 1 yg/ml
pepstatin, 1 mol/l dithiothreitol and 1 mol/l PMSF. The lysates
were centrifuged at 13,400 x g for 20 min at 4°C. Protein
concentrations were determined using a BCA assay. Proteins
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Figure 1. miR-30a-5p expression and Hippo signaling pathway activity in CRC tissue samples. miR-30a-5p expression in (A) six pairs of CRC and paracan-
cerous tissues, and (B) CRC cell lines was analyzed by RT-qPCR. (C) Expression levels of epithelial-mesenchymal transition, MMP2 and Hippo signaling
pathway-associated proteins in three pairs of CRC and paracancerous tissues were analyzed by western blotting. (D) Semi-quantitative analysis of the results
of western blotting. RT-qPCR and western blotting data are presented as the mean + standard deviation of three independent experiments. "P<0.05 and
“P<0.01 vs. control (normal or HCoEpic). miR, microRNA; RT-qPCR, reverse transcription-quantitative PCR; CRC, colorectal cancer; MST-1, mammalian
STE20-like protein kinase; LATSI, large tumor suppressor kinase 1; YAPI, Yes-associated protein; p, phosphorylated; N, normal tissue; T, tumor tissue.

(30 pg/lane) of different molecular weights were separated
using 10% SDS-PAGE. Protein was then transferred to PVDF
membranes. The membranes were incubated with 5% skim
milk for 2 h at room temperature. Membranes were incubated
with primary antibodies against large tumor suppressor kinase 1
(LATSI; dilution, 1:1,000; cat.no. ab243656; Abcam), YAP1 and
phosphorylated (p)-YAP1 (dilution, 1:1,000; cat. nos. ab52771
and ab76252; Abcam), E-cadherin (dilution, 1:2,000; cat.
no. #3195; Cell Signaling Technology, Inc.), B-catenin (dilu-
tion, 1:2,000; cat. no. #8480; Cell Signaling Technology, Inc.),
mammalian STE20-like protein kinase (MST-1; dilution,
1:2,000; cat. no. #DF7691; Affinity Biosciences), MMP2
(dilution, 1:1,000; cat. no. 10373-2-AP; ProteinTech Group,
Inc.) and GAPDH (dilution, 1:2,000; cat. no. TA-08; OriGene
Technologies, Inc.) overnight at 4°C, followed by incubation
with horseradish peroxidase-labeled anti-mouse (dilution,
1:4,000; cat. no. EM35110-01; Beijing Emarbio Science &
Technology Co., Ltd.) or anti-rabbit secondary antibodies (dilu-
tion, 1:4,000; cat. no. 31460; Thermo Fisher Scientific, Inc.) for
1 h at 37°C. Protein signals were detected with an enhanced
chemiluminescence reagent (Bio-Rad Laboratories, Inc.) on
the ChemiDoc XRS+ instrument (Bio-Rad Laboratories, Inc.).
The results were measured using Gel-pro Analyzer 32 software
(version 4.0; Media Cybernetics, Inc.).

Transwell assay. Matrigel matrix (BD Biosciences) was melted
in a 4°C refrigerator in advance, and diluted in RPMI-1640

medium at a ratio of 1:6. A total of 50 ul matrix was added
to the upper Transwell chamber of 24-well transwell chamber
inserts (BD Biosciences) at 37°C for 4 h. HCT116 cell density
was adjusted to 3x10° per 200 pl RPMI-1640 medium and
plated in the upper chamber at 37°C with 5% CO, for 48 h. A
total of 600 yl RPMI-1640 medium supplemented with 10%
FBS was plated in lower chamber at 37°C with 5% CO,. After
48 h, the Matrigel matrix was removed and fixed in 4% para-
formaldehyde for 30 min at room temperature, and stained
with 0.1% crystal violet at 37°C for 20 min. PBS was used
to wash the Transwell chamber. Subsequently, cell invasion
was observed under a light microscope (magnification, x100).
Invasion of cells at 48 h was calculated using ImageJ1.501
software (National Institutes of Health) using the following
formula: Relative invasion rate (%)=(cell penetration/3x10°)
x100. Three independent experiments were performed, and
the data are presented as the mean + SD.

Scratch assay. Curcumol-treated HCT116 cells were inocu-
lated in a six-well plate. The cells were serum-starved for this
assay to avoid the effects of cell viability. When the cells had
grown to fuse into a monolayer, the cells were scratched with
a 200-ul pipette tip perpendicular to the bottom of the well
and washed with PBS twice to remove the remaining cells.
HCT116 cells were cultured in RPMI-1640 medium at 37°C
with curcumol for 48 h. Images were captured at 0, 24 and
48 h, where 0 h was recorded as the starting time point. The
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Figure 2. Curcumol inhibits viability, invasion and migration by targeting miR-30a-5p. (A) Curcumol inhibited HCT116 cell viability. (B) Reverse
transcription-quantitative PCR was performed and revealed that miR-30a-5p expression was increased by curcumol treatment. (C) Scratch experiments
revealed that curcumol inhibited the migration of HCT116 cells (magnification, x40). (D) Quantitative histogram of the results of the scratch experiments.
(E) Transwell experiments revealed that curcumol inhibited the invasion of HCT116 cells (magnification, x100). (F) Quantitative histogram of the results
of the Transwell experiments. (G) Expression levels of YAPI, f3-catenin, MMP2, E-cadherin, MST-1, LATS1 and p-YAPI were regulated by curcumol in
HCT116 cells. (H) Semi-quantitative analysis of the results of western blotting. “P<0.05 and “P<0.01 vs. control (no curcumol group). miR, microRNA; YAP1,
Yes-associated protein; MST-1, mammalian STE20-like protein kinase; LATSI, large tumor suppressor kinase 1; p, phosphorylated.
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width of the scratch was observed and recorded under a light
microscope (magnification, x40). The image was processed
using ImageJ1.50i software (National Institutes of Health)
and the proportion of relative wound closure was calculated.
The following formula was used: Change rate of scratch area
(%)=(0 h scratch area-24 h scratch area)/0 h scratch area
x100.

Statistical analysis. All statistical analyses were performed
using SPSS Statistics 22 software (IBM Corp.). Data are
presented as the mean + SD. The unpaired t-test was used
to analyze two independent groups. The paired t-test was
used to analyze the data in Fig. 1A and D. One-way ANOVA
followed by Bonferroni and LSD was used to assess statistical
significance for multiple comparisons. All experiments were
repeated in triplicate. P<0.05 was considered to indicate a
statistically significant difference.

Results

miR-30a-5p expression and activation of the Hippo signaling
pathway in CRC tissue samples. Six pairs of CRC tissues and
paracancerous tissues were collected from the First Affiliated
Hospital of Guilin Medical College. miR-30a-5p expres-
sion in CRC tissues and adjacent tissues that were collected
clinically was detected by RT-qPCR. The present study used
a paired t-test to analyze two groups. miR-30a-5p expression
was lower in CRC tissues compared with in paracancerous
tissues (Fig. 1A). Subsequently, miR-30a-5p expression was
examined in HCoEpic, HCT116, SW480 and SW620 cells.
miR-30a-5p expression in HCoEpic cells was the highest
among these cell lines. miR-30a-5p expression was second
highest in HCT116 cells (Fig. 1B). Additionally, the study
used a paired t-test to compare the CRC tissues group and
the adjacent tissues group. The expression levels of f-catenin
and MMP?2 were increased, whereas the expression levels of
E-cadherin were decreased in the tumor tissues. The expres-
sion levels of MST-1, LATS1 and p-YAPI, which are key
factors of the Hippo signaling pathway, were decreased in
CRC tissues, while YAP1 expression was increased according
to western blot analysis (Fig. 1C and D).

Curcumol inhibits HCT116 cell viability and invasion. The
MTT assay demonstrated that curcumol inhibited the viability
of HCT116 cells in a dose- and time-dependent manner
(Fig. 2A), as previously reported (21). miR-30a-5p expression
was upregulated as curcumol concentration increased (Fig. 2B).
Following treatment of HCT116 cells with curcumol (0, 50 and
100 pg/ml) for 0, 24 and 48 h, Scratch assays revealed that with
the increase of curcumol concentration, the migration ability
of HCT116 cells was inhibited, and the cells exhibited a signif-
icant difference at 48 h compared with 24 h (Fig. 2C and D).
Transwell assays revealed that with the increase in curcumol
concentration, the invasion ability of HCT116 cells was
inhibited (Fig. 2E and F). Western blotting demonstrated that
YAPI1, B-catenin and MMP2 expression was inhibited by
curcumol, while the expression levels of E-cadherin, MST-1,
LATSI1 and p-YAP1 in HCT116 cells were increased following
curcumol treatment (Fig. 2G and H). Therefore, these data
suggested that curcumol inhibited HCT116 cell viability,

invasion and migration, upregulated miR-30a-5p expression
and activated the Hippo signaling pathway.

Effects of miR-30a-5p on CRC cell invasion and the Hippo
signaling pathway in CRC cells. To further determine the
effects of miR-30a-5p on CRC cell invasion and the association
with the Hippo signaling pathway, HCT116 cells were trans-
fected with miR-30a-5p-sp and miR-30a-5p mimics. The MTT
assay demonstrated that miR-30a-5p-sp promoted HCT116 cell
viability, while miR-30a-5p mimics inhibited their viability
(Fig. 3A). RT-qPCR demonstrated that miR-30a-5p-sp
and mimics were successfully transfected into HCT116
cells (Fig. 3B). Scratch assays revealed that miR-30a-5p-sp
promoted HCT116 cell migration, while miR-30a-5p mimics
inhibited their migration, and there was a significant difference
at 48 h compared with 24 h (Fig. 3C and D). Transwell assay
demonstrated that miR-30a-5p-sp promoted HCT116 cells
invasion, while miR-30a-5p mimics inhibited their invasion
(Fig. 3E and F). When miR-30a-5p-sp was transfected into
HCT116 cells, the expression levels of YAP1, 3-catenin and
MMP2 were increased, and the expression levels of E-cadherin,
MST-1, LATSI and p-YAP1 were decreased. However, when
the expression levels of miR-30a-5p were upregulated, YAPI,
B-catenin and MMP2 expression was decreased, and the
expression levels of E-cadherin, MST-1, LATSI and p-YAP1
were increased in HCT116 cells transfected with miR-30a-5p
mimics (Fig. 3G and H).

miR-30a-5p overexpression enhances the inhibitory effects
of curcumol on invasion and the Hippo signaling pathway
in HCTI116 cells. To investigate the association between
curcumol and miR-30a-5p, the present study first overex-
pressed miR-30a-5p and then analyzed the inhibitory effect
of curcumol on invasion and migration in HCT116 cells. MTT
assays demonstrated that miR-30a-5p mimics and curcumol
(50 ug/ml) inhibited HCT116 cell viability. Following treatment
with both miR-30a-5p mimics and curcumol simultaneously,
HCT116cell viability was significantly inhibited compared with
treatment with miR-30a-5p mimics alone (Fig. 4A). RT-qPCR
revealed that miR-30a-5p expression was upregulated after
treatment with miR-30a-5p mimics or curcumol alone. The
expression levels of miR-30a-5p were higher following treat-
ment with both miR-30a-5p mimics and curcumol (Fig. 4B).
Scratch assays demonstrated that miR-30a-5p mimics and
curcumol (50 ug/ml) inhibited HCT116 cell migration,
following treatment with both miR-30a-5p mimics and
curcumol simultaneously, HCT116 cell migration was more
inhibited compared with miR-30a-5p mimics and curcumol
(50 pg/ml) alone, and HCT116 cell migration was increased
at 48 h compared with 24 h (Fig. 4C and D). Transwell assays
demonstrated that miR-30a-5p mimics and curcumol (50 pg/ml)
inhibited HCT116 cell invasion. Following treatment with both
miR-30a-5p mimics and curcumol simultaneously, HCT116
cell invasion was significantly inhibited compared with that of
cells treated with miR-30a-5p mimics alone (Fig. 4E and F).
Western blotting demonstrated that when miR-30a-5p mimics
were transfected into HCT116 cells, the expression levels of
YAPI, B-catenin and MMP2 were decreased, and the levels
of E-cadherin, MST-1, LATSI1 and p-YAP1 were increased.
miR-30a-5p mimics increased the inhibitory effect of curcumol
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signaling pathway, and inhibited f3-catenin and MMP2 expression. miR, microRNA; YAP1, Yes-associated protein; MST-1, mammalian STE20-like protein

kinase; LATSI, large tumor suppressor kinase 1; p, phosphorylated.

(50 pg/ml) on the expression levels of YAPI, B-catenin and
MMP2, and increased the promoting effects of curcumol
on the expression levels of E-cadherin, MST-1, LATS1 and
pP-YAP1 in HCT116 cells, and the difference between curcumol
and no curcumol in cells treated with miR-30a-5p mimics was
significant (Fig. 4G and H). The results indicated that the effect
of curcumol on CRC cell invasion and the Hippo signaling
pathway was associated with miR-30a-5p upregulation.

Downregulation of miR-30a-5p reverses the effects of curcumol
on invasion and the Hippo signaling pathway. In addition to
overexpressing miR-30a-5p in HCT116 cells, the present study
also inhibited its expression in HCT116 cells and observed
whether the effects of curcumol on the invasion and migra-
tion of HCT116 cells were altered. MTT assays demonstrated

that curcumol (50 pg/ml) inhibited HCT116 cell viability, and
miR-30a-5p-sp promoted HCT116 cell viability. Following
treatment with both miR-30a-5p-sp and curcumol simulta-
neously, HCT116 cell viability was significantly inhibited
compared with that in the group treated with miR-30a-5p-sp
alone (Fig. 5A). RT-qPCR revealed that the expression levels
of miR-30a-5p were downregulated following treatment with
miR-30a-5p-sp. The expression levels of miR-30a-5p were
upregulated following treatment with curcumol (50 pg/ml).
When miR-30a-5p-sp and curcumol (50 xg/ml) were used simul-
taneously, the expression levels of miR-30a-5p were higher than
in the group treated with miR-30a-5p-sp alone (Fig. 5B). Scratch
assays demonstrated that miR-30a-5p-sp promoted HCT116
cell migration, while curcumol (50 yg/ml) inhibited HCT116
cell migration. Following treatment with both miR-30a-5p-sp
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and curcumol simultaneously, HCT116 cell migration was
inhibited compared with that of the miR-30a-5p-sp group,
and HCT116 cell migration was increased at 48 h compared
with 24 h (Fig. 5C and D). Transwell assays demonstrated
that miR-30a-5p-sp promoted HCT116 cell invasion, while
curcumol (50 #g/ml) inhibited HCT116 cell invasion. Following
treatment with both miR-30a-5p-sp and curcumol simultane-
ously, HCT116 cell invasion was inhibited compared with that
of the miR-30a-5p-sp group (Fig. SE and F). Western blotting
demonstrated that when miR-30a-5p-sp was transfected into
HCT116 cells, the expression levels of YAP1, (3-catenin and
MMP2 were increased, and the levels of E-cadherin, MST-1,
LATSI and p-YAP1 were decreased. However, curcumol treat-
ment decreased the expression levels of YAPI, B-catenin and
MMP2, and increased the levels of E-cadherin, MST-1, LATS1
and p-YAPI. Following treatment with both miR-30a-5p-sp
and curcumol simultaneously, YAP1, 3-catenin and MMP2
expression was decreased, while the levels of E-cadherin,
MST-1, LATSI and p-YAPI in HCT116 cells were increased
compared with those in the group treated with miR-30a-5p-sp
alone (Fig. 5G and H).

Curcumol can regulate the expression levels of miR-30a-5p
and the Hippo signaling pathway in vivo. A xenograft tumor
model of CRC was established. RT-qPCR revealed that
curcumol (40 ug/ml) treatment increased miR-30a-5p expres-
sion, increased the expression levels of E-cadherin, MST-1,
LATSI and p-YAPI, and inhibited YAPI, B-catenin and
MMP2 expression (Fig. 6).

Discussion

CRC is a common gastrointestinal tumor with high invasion
rates, which causes significant mortality (24,25). Therefore, it
is urgent to identify novel treatments and to explore effective
therapeutic targets for CRC invasion. Increasing numbers of
non-coding RNAs have been identified as CRC prognostic
biomarkers and novel therapeutic targets (26-28). Increasing
evidence has indicated that miRNA expression is abnormal
in various types of cancer, and that miRNAs act as tumor
suppressors or promoters (29,30). It has been demonstrated
that miR-30a-5p expression is decreased in a number of cancer
types and may be a novel potential prognostic biomarker
or molecular therapeutic target for GBC and CRC (8,31).
Although miR-30a-5p has been demonstrated to be a tumor
suppressor, and suppresses CRC cell migration and invasion
by targeting ITGB3 and may be a promising therapeutic target
for CRC (10), few drugs, particularly natural drugs, have been
reported to inhibit CRC cell invasion by increasing its expres-
sion. The present study investigated the potential effects of
curcumol on miR-30a-5p expression, and CRC cell migration
and invasion. It was demonstrated that curcumol increased
miR-30a-5p expression in CRC cells, and overexpression of
miR-30a-5p enhanced the effects of curcumol on CRC cell
migration and invasion, while downregulation of miR-30a-5p
reversed its effects on CRC cells.

In addition, the present study revealed the association
between miR-30a-5p and the Hippo signaling pathway. The
Hippo signaling pathway is dysregulated in numerous types
of cancer, including CRC (32-34). Its inactivation is associated

with CRC progression (35-37). YAP is a major effector in the
Hippo signaling pathway and p-YAP exists in the cytoplasm.
When the Hippo signaling pathway is activated, YAP remains
in the cytoplasm in the phosphorylated form, and YAP mediates
the expression of multiple downstream genes to control tissue
development and progress (38). It has been demonstrated that the
EMT signaling pathway can be regulated by YAP (39). When
the EMT process is activated, the expression of epithelial marker
E-cadherin, which serves a key role in attachment, is inhib-
ited (40), whereas [-catenin, a mesenchymal protein marker,
is activated (41,42). The EMT signaling pathway is further
complicated by interactions with matrix metalloproteinases.
Among these complex interactions, MMP2 and other MMPs
have been demonstrated to promote EMT, which is involved
in cancer invasion (43,44). The present study revealed that
increased miR-30a-5p expression following curcumol treatment
inhibited CRC cell invasion, migration and MMP2 expression,
and activated the Hippo signaling pathway. In addition, overex-
pression of miR-30a-5p activated the Hippo signaling pathway
and enhanced the effect of curcumol on its downstream factors,
such as MST-1, LATS1 and YAPI. Furthermore, downregula-
tion of miR-30a-5p expression inhibited the activation of the
Hippo signaling pathway and reversed the stimulatory effects of
curcumol on this signaling pathway (Fig. 7).

In summary, these results suggested that miR-30a-5p can
be used as a therapeutic target for CRC treatment and may
be associated with the activation of the Hippo signaling
pathway. Curcumol inhibited viability, migration and invasion
by regulating miR-30a-5p expression and activating the Hippo
signaling pathway in CRC cells, and curcumol may be a prom-
ising agent for the treatment of CRC.
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