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Abstract

Purpose: To observe the effects of paeonol on the invasion and migration of LoVo colorectal cancer cells,
and investigate its possible mechanisms.

Materials and Methods: Cell transwell assay and wound-healing assay were applied, and the results
suggested that paeonol could significantly inhibit the invasion and migration abilities of LoVo cells,
which was associated with a reduction in COX-2 expression and PGE2 synthesis. Treatment with the
selective COX-2 inhibitor, celecoxib, or transient transfection of colorectal cancer cells with COX-2 siRNA,
also inhibited cell invasion and migration.

Results: The invasion and migration capacity were evaluated in LoVo cells by transwell assay and
wound-healing in vitro. Compared with the control group, the invasion cells through Matrigel and the
wound-healing rate were significantly decreased after treated with paeonol for 24 h. Paeonol treatment
downregulated the expression of MMP-9 and downregulated the COX-2 expression and PGE2 synthesis in
LoVo cells. Paeonol could up-regulate the expression of epithelial marker E-cadherin while down-regulate
the expressions of mesenchymal markers, Fibronectin and Vimentin. Paeonol inhibited PI3K-Akt and
MAPK-ERK pathways in LoVo cells. Celecoxib treatment significantly decreased the cells penetrating the
matrigel in a dose-dependent manner. siRNA knockdown of COX-2 leaded to inhibition of cell invasion in
LoVo cells. Knockdown of COX-2 increased the expression of E-cadherin, whereas the expressions of
Fibronectin and Vimentin were downregulated.

Conclusion: Paeonol may inhibit PI3K-Akt and MAPK-ERK pathways through suppressing of the COX-2
expression and PGE2 synthesis, thus inhibiting the cell invasion, migration, and EMT in LoVo cells.

Background

Colorectal cancer (CRC), a common malignancy of the digestive system, is a serious public health
problem. CRC is the second leading cause of death from cancer in the developed world. What's worse, the
CRC death rate is still increasing in many developing countries.’"3 Although a rapid progress has been
achieved about the treatment and diagnosis in recent years, the prognosis for CRC remain poor for
patients with metastasis. Therefore, the development of novel agents to block metastasis is an important
area of study for addressing CRC.

Previous studies have demonstrated that cyclooxygenase-2 (COX-2) is constitutively overexpressed in a
variety of malignancies, including colorectal cancer, breast cancer, gastric cancer, bladder cancer and

non-small cell lung cancer (NSCLC). 4° Deregulation of COX-2 expression leads to an increased
abundance of prostaglandin E, (PGE,), through which COX-2 contributes to carcinogenesis, progression,
invasion, metastasis.®”’ It has been confirmed that COX-2 inhibitors could effectively decrease the

incidences of gastric, colon, lung, breast and prostate cancer to some extent.2? Therefore, COX-2 is
considered as a promising target for cancer therapy.
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Paeonol (2-hydroxy-4-methoxyacetophenone), a major active extract from the root bark of Paeonia
suffruticosa Andrews, possesses a wide range of biologic and pharmacologic activities, including anti-
inflammatory'%'" anti-allergic,’? Anti-oxidative,'® and anti-platelet aggregation.’ The dosage forms of
paeonol for clinical application approved by China Food and Drug Administration include injection, tablet
and ointment. It can be used in treating inflammation/pain-related indications such as fever, headache,

neuralgia, muscle pain and rheumatoid arthritis, as well as various skin diseases such as dermatitis,
eczema, mosquito and bedbug bites.’® Recently, the antitumor effect of paeonol has garnered

considerable attention. Unlike cytotoxic drugs, paeonol has shown cardioprotective,'® hepatic-

17-19 renal protective?® and neuroprotective effects.?! Paeonol has been shown to exhibit

22,23

protective,
antitumor activities on gastric,2%23 prostate,2* breast,?° hepar,2® ovarian?’ and esophageal cancer cells.?8
Our previous study also revealed that paeonol exhibited the inhibiting effects on colorectal cancer lines
(HCT116, SW620 and LoVo), especially in the LoVo cells.?? Here, the present study aimed to further
investigate the effects of paeonol on the invasion and migration, and explore the underlying mechanisms
in colorectal cancer cells.

Materials And Methods

Cell culture.

Colorectal cancer cell line LoVo was provided by the Cell Bank of the Shanghai Institute of Biochemistry
and Cell Biology, Chinese Academy of Sciences (Shanghai, China). Colorectal cancer cells were incubated
in DMEM/F-12 (Gibco, Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS; Gibco, Life
Technologies, Carlsbad, CA), 100 U/ml penicillin and 100 pg/ml streptomycin in 5% CO, at 37 °C. Cells in

logarithmic growth phase were chosen for experiment.
Transwell assay for cell invasion.

For the cell-invasion test, 24-well transwells (pore size = 8 mm; Corning Incorporated, Corning, NY, USA)
were coated with Matrigel (1 mg/mL) according to the manufacturer's (Becton Dickinson) instructions.
LoVo cells were suspended in the upper chamber (2 x 10° cells/well) of serum-free medium, and the lower
chamber was 500 yL DMEM/F-12 medium containing 10% FBS. After 24 hrs of incubation with the
indicated concentrations of paeonol (99% purity, Natura Pharmaceutical Co., Ltd. Zhejiang, China) or
Celecoxib (Sigma-Aldrich, St. Louis, MO, USA), the cells of upper chamber were wiped clean by a cotton
swab. Subsequently, the cells invading the lower chamber were fixed using 95% ethanol for 20 minutes,
and then stained by 0.1% crystal purple for 10 minutes.

Wound-healing assay for cell migration.

Cell migration capacity was measured using a wound-healing assay. LoVo cells (1 x 10°) were seeded in
six-well plates and grew to form a confluent monolayer. a 200 pL micropipette tip was used to create a
wound. The detached cells were then removed by washing with PBS and incubated with or without
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paeonol for 24 hrs. The photomicrographs were taken under the inverted microscope at 0, and 24 hrs of
the same wound areas, and experiments were carried out in triplicate.

Determination of PGE , production.

The level of PGE, in the cell culture supernatant was performed using the PGE, ELISA kit (Thermo
Scientific, Rockford, IL, USA) according to the manufacturer’s protocol. And the experiments were carried
out in triplicate.

COX-2 siRNA synthesis and transfection.

LoVo cells (2 x 10° in 2 ml of DMEM/F-12 without antibiotics) were seeded in six-well plates. After 24 h,
the COX-2 siRNA (Shanghai GenePharma Co., Ltd. Shanghai, China) mix with Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) was overlaid on the cells according to the manufacturer's instructions.

Western blot assay.

The cells were lysed with RIPA buffer supplemented with protease inhibitor. Total protein extract was
separated on a 12.5% sodium dodecyl sulfate-polyacrylamide (SDS-PAGE) gel, and then transferred to
nitrocellulose membranes using a wet transfer system. The membrane, after blocked by 5% fat-free milk,
was incubated with primary antibodies: COX-2 (1:1000, Cell Signaling Technology), MMP-9 (1:1000, Cell
Signaling Technology), E-cadherin(1:1000, Cell Signaling Technology), Vimentin (1:1000, Cell Signaling
Technology), Fibronectin(1:1000, Cell Signaling Technology), Akt (1:1000, Cell Signaling Technology), p-
Akt(1:1000, Cell Signaling Technology), ERK (1:1000, Cell Signaling Technology), p-ERK(1:2000, Cell
Signaling Technology), and B-actin (1:1000, Cell Signaling Technology) at 4 °C for 12 hours. Following
that, PVDF was then rinsed with TBST solution and incubated at room temperature for 1 hour with the
secondary antibodies (Cell Signaling Technology) conjugated to HRP. The automatic developing
instrument (ChemiDocXRS imaging system) was adopted to develop and the gray value was calculated.

Statistical analysis.

All data were presented as Mean + SD. GraphPad Prism 7.0 was adopted for statistical analysis of data.
Student's t-test was used for comparison of the values between two groups. P < 0.05 indicated statistical
significance.

Results

Paeonol inhibited cell invasion and migration in LoVo cells.

The invasion and migration capacity were evaluated in LoVo cells by transwell assay and wound-healing
in vitro. Compared with the control group, the invasion cells through Matrigel and the wound-healing rate
were significantly decreased after treated with paeonol for 24 h (Fig. 1A-D). Meanwhile, paeonol
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treatment downregulated the expression of MMP-9, which could degrade extracellular matrix and destroy
basilar membrane, therefore promotes tumor cell metastasis (Fig. 1E-F).

Paeonol downregulated the COX-2 expression and PGE2 synthesis in LoVo cells.

To investigate whether COX-2 and PGE, are involved in the antitumor effect of paeonol, the protein level
of COX-2 was assessed by western blot, and the level of PGE, in the cell culture supernatant was
performed using the PGE, ELISA kit. The results showed that Paeonol treatment decreased COX-2
expression and PGE2 synthesis in LoVo cells in a dose-dependent manner (Fig. 2).

Paeonol reversed epithelial-mesenchymal transition (EMT) in LoVo cells.

It is demonstrated that Epithelial-mesenchymal transition (EMT) plays a key role in initiating cancer
metastasis. To investigate whether EMT is also involved in the inhibiting effects of paeonol on invasion
and migration, the protein levels of EMT biomarkers, E-cadherin, Fibronectin and Vimentin, were assessed
by western blot. Paeonol could up-regulate the expression of epithelial marker E-cadherin while down-
regulate the expressions of mesenchymal markers, Fibronectin and Vimentin (Fig. 3).

Paeonol inhibited PI3K-Akt and MAPK-ERK pathways in LoVo cells.

PI3K-Akt and MAPK-ERK pathways are correlated with cancer invasion and EMT. To ascertain if the PI3K-
Akt and MAPK-ERK pathways are involved in the antitumor effect of paeonol, the protein levels of Akt, p-
Akt, ERK and p-ERK in LoVo cells was examined using western blot analysis. Paeonol treatment
decreased expression of p-Akt and p-ERK in LoVo cells in a dose-dependent manner (Fig. 4).

Celecoxib, a selective COX-2 inhibitor, inhibited invasion in LoVo cells.

The invasion capacity of LoVo cells was evaluated by transwell assay after treatment with various
concentrations of celecoxib (0, 25, 50 and 100 pmol/I), a well-known inhibitor of COX-2, for 24 h. The data
showed that celecoxib treatment significantly decreased the cells penetrating the matrigel in a dose-
dependent manner (Fig. 5).

siRNA knockdown of COX-2 leaded to inhibition of cell invasion in LoVo cells.

We further verified the role of COX-2 in cell invasion through siRNA knockdown of COX-2 in the colorectal
cells and investigated whether it would lead to the inhibition of cell invasion. The data showed that the
transfection with COX-2 siRNA resulted in a significant inhibition in the cell invasion in LoVo cells after
24 h as compared to that of the control siRNA-transfected LoVo cells (Fig. 6A-B). And downregulation of
COX-2 decreased the expressions of MMP-9 (Fig. 6C).

siRNA knockdown of COX-2 regulated EMT and inhibited PI3K-Akt and MAPK-ERK pathways in LoVo
cells.
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Knockdown of COX-2 in LoVo cells inhibited cell invasion, so we further aimed to investigate the effects
of COX-2 on EMT, PI3K-Akt and MAPK-ERK pathways. First, the expression of EMT markers was analyzed
in COX-2 knockdown LoVo cells and the control, respectively. As shown in Fig. 7A, knockdown of COX-2
increased the expression of E-cadherin, whereas the expressions of Fibronectin and Vimentin were
downregulated. Moreover, downregulation of COX-2 significantly decreased the expressions of p-Akt and
p-ERK in LoVo cells (Fig. 7B).

Discussion

A majority of CRC patients are diagnosed with advanced stage, resulting in poor prognosis.3? Metastatic
dissemination is the leading cause of colorectal cancer-related deaths. Therefore, the development of
novel, efficacious therapeutic agents to block metastasis is especially urgent.

In the present study, paeonol elicited dramatic inhibition of invasion and migration in LoVo cells as
demonstrated by the transwell assay and wound-healing assay. Meanwhile, paeonol treatment decreased
expression of MMP-9, which could degrade extracellular matrix and destroy basilar membrane, therefore
promotes tumor cell metastasis.

Epithelial-to-mesenchymal transition (EMT), a biological process of epithelial phenotype transforming to
interstitial phenotype because of extracellular factor stimulation, is the essential mechanism for initiating
cancer invation and metastasis. 31733 During EMT, cancer cell polarity, intercellular tight junction and
adhesion junction are gradually disappearing. Moreover, the expression of epithelial marker, E-cadherin,
was up-regulated and the expressions of mesenchymal markers, such as Fibronectin, N-cadherin and
Vimentin, were down-regulated in tumor cells.3* Meanwhile, the expressions of MMPs in tumor cells are
up-regulated.2® The results demonstrated that paeonol treatment of LoVo cells showed the suppression
of mesenchymal markers Fibronectin and Vimentin, and restored the levels of epithelial marker E-
cadherin, which suggest that paeonol could reverse the EMT process in LoVo cells, thus inhibiting the cell
invasion and migration abilities.

COX-2 induced the synthesis of prostaglandins, mainly PGE,, promotes tumor cell proliferation, invasion,
angiogenesis, and metastasis. COX-2 and PGE, have also been verified to be associated with EMT.3®
Thus, we further explored the effects of paeonol on the expression of COX-2 and synthesis of PGE, in
LoVo cells. The results showed that treated with paeonol leaded to a significant reduction in the
expression of COX-2 and synthesis of PGE, in the LoVo cells. And treatment with celecoxib, a well-known
inhibitor of COX-2, also resulted in a reduction in the cell invasion in LoVo cells. Similar effects were
observed when the LoVo cells were transfected with COX-2 siRNA. Moreover, inhibition of COX-2
expression in LoVo cells by a specific silencer RNA resulted in the upregulation of an epithelial marker E-
cadherin, in the downregulation of mesenchymal markers Fibronectin and Vimentin. These findings
indicate that paeonol inhibits cell invasion and migration by reducing the COX-2 expression of COX-2 and
PGE, synthesis, which leads to suppression of EMT in LoVo cells.
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PI3K-Akt and MAPK-ERK pathways are are pivotal signaling pathways during tumor migration, invasion,
metastasis and EMT, and COX-2 expression was also correlated with PI3K-Akt and MAPK-ERK

pathways.3’739 Therefore, we sought to determine whether PI3K-Akt and MAPK-ERK pathways were
involved in the antitumor effect of paeonol. In accordance with our expectation, paeonol treatment
decreased expression of p-Akt and p-ERK in LoVo cells. And inhibition of COX-2 expression in LoVo cells
by a specific silencer RNA also decreased the expressions of p-Akt and p-ERK in LoVo cells. These results
indicate that paeonol may inhibit PI3K-Akt and MAPK-ERK pathways by suppression of the COX-2
expression and PGE, synthesis, thus inhibiting the cell migration, invasion, and EMT in LoVo cells.

Conclusion

The results demonstrated that paeonol could inhibit invasion, migration, and EMT of CRC cells through
inhibition of COX-2 expression and PGE, synthesis. These results may provide new insights into the

potential mechanisms of paeonol on invasion, migration and EMT in CRC cells, and the effects of
paeonol on CRC metastasis in vivo need further investigated.
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Figure 1

Paeonol inhibited cell invasion and migration in LoVo cells. (A) The cell invasion was measured by
transwell assay. (B) Number of cells in each field was counted and averaged (#P<0.05 vs. 0 mg/l). (C)
The cell migration was performed by wound-healing assay. (D) Migration of LoVo cells was quantified by
measuring wound-closure areas before and after injury (#P<0.05 vs. 0 mg/l). (E) The expression of MMP-

Page 11/16



9 was detected by Western blot. (F) Quantitative comparison of the expression level of MMP-9 among
groups (#P<0.05 vs. 0 mg/I).
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Figure 2

Paeonol reduced cyclooxygenase-2 (COX-2) expression and prostaglandin E2 (PGE2) synthesis in LoVo
cells. (A) The expression of COX-2 was detected by Western blot. (B) Quantitative comparison of the
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expression level of COX-2 among groups (#P<0.05 vs. 0 mg/l). (C) The levels of PGE2 in the LoVo cell
supernatant among groups (#P<0.05 vs. 0 mg/I).
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Figure 3

Paeonol reversed epithelial-mesenchymal transition (EMT) in LoVo cells. (A) The protein levels of E-
cadherin, Fibronectin and Vimentin were assessed by western blot. (B) Quantitative comparison of the
expression levels of E-cadherin, Fibronectin and Vimentin among groups (#P<0.05 vs. 0 mg/I).
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Paeonol inhibited PI3K-Akt and MAPK-ERK pathways in LoVo cells. (A) The protein levels of Akt, p-Akt,
ERK and p-ERK were assessed by western blot. (B) Quantitative comparison of the expression levels of

Akt, p-Akt, ERK and p-ERK among groups (#P<0.05 vs. 0 mg/l).
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Figure 5

Celecoxib inhibited invasion in LoVo cells. (A) The cell invasion was measured by transwell assay. (B)
Number of cells in each field was counted and averaged (#P<0.05 vs. 0 pmol/I).
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Figure 6

siRNA knockdown of cyclooxygenase-2 (COX-2) leads to inhibition of cell invasion in LoVo cells. (A) Cell
invasion was measured by transwell invasion assay in Control siRNA-transfected LoVo cells and COX-2
siRNA-transfected LoVo cells. (B) Number of cells in each field was counted and averaged (#P<0.05 vs.
the control siRNA-transfected group). (C) The expression of MMP-9 in Control siRNA-transfected LoVo
cells and COX-2 siRNA-transfected LoVo cells was assessed by western blot. (D) Quantitative comparison
of the expression level of MMP-9 between the groups (#P<0.05 vs. the control siRNA-transfected group).
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Figure 7

siRNA knockdown of COX-2 regulated EMT and inhibited PI3K-Akt and MAPK-ERK pathways in LoVo
cells. (A) and (C) LoVo cells were transfected with COX-2-siRNA or Control-siRNA, and the indicated
proteins were measured by western blot. (B) and (D) Quantitative comparison of the expression level of
the indicated proteins between the groups (#P<0.05 vs. the control siRNA-transfected group).
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