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 Background: Colorectal cancer is one of the leading causes of death in China, and the development of effective drugs is 
urgently needed. Here, we report on Paeoniflorin (PF), a product isolated from the roots of the peony plant, 
as a possible candidate because of its anti-tumor effects on epithelial-to-mesenchymal transition (EMT) of PF 
in human colorectal cancer (CRC).

 Material/Methods: Cell proliferation, wound healing, and Transwell assays were used to analyze the effects of PF on in vitro cell mi-
gration and invasion of HCT116 and SW480, 2 colorectal cancer cell lines. The tumor xenograft model was used 
to verify the anti-metastasis effects of PF in vivo. The RNA and protein levels of epithelia-cadherin (E-cadherin), 
Vimentin, and histone deacetylase2 (HDAC2) were measured by qPCR and Western blot analysis to explore the 
mechanism involved.

 Results: Our results showed that PF inhibited colorectal cancer cell migration and invasion and suppressed the meta-
static potential of the cancer cells in vivo. Moreover, PF significantly decreased the expression of HDAC2 and 
Vimentin, while increasing the expression of E-cadherin.

 Conclusions: These results suggest that PF inhibits colorectal cancer cell migration and invasion ability and reverses the EMT 
process, through inhibiting the expression of HDAC2, and then affects the expression level of E-cadherin and 
Vimentin at the cell level. Our results were also verified in the tumor xenograft model. This indicates that PF 
may be a candidate for colorectal cancer treatment.
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Background

Colorectal cancer (CRC) is one of the most common malignant 
tumors. Its morbidity and mortality are 5th among all malig-
nant tumors, and show an increasing trend year by year [1]. 
About 60% of cancer deaths in CRC patients are due to liver 
metastasis [2]. Therefore, it is very important to carry out in-
depth research and improve the treatment of colorectal liv-
er metastases (CLM).

In the process of tumor cell growth and metastasis, the epitheli-
al cells undergo a phenotypic switch to form mesenchymal cells. 
The change in cell type results in the loss of polarity and the 
loss of tight intracellular adhesions maintained by epithelial cells 
via adherences junctions. Tumor cells gain increasing migration 
and invasion abilities, resistance to apoptosis, and the ability to 
degrade the extracellular matrix, so the cancer cells turn into 
exfoliated cells and migrate. This transformation is known as 
the epithelial-to-mesenchymal transition (EMT). Studies have 
shown that the aberrant activation of EMT in adult epithe-
lia can promote tumor metastasis by repressing cell adhesion 
molecules, including epithelial (E)-cadherin. Reduced intracellu-
lar adhesion may allow tumor cells to disseminate and spread 
throughout the body. This change is EMT [3]. Research has con-
firmed that EMT plays an important role in bladder cancer, pri-
mary liver cancer, CRC, melanoma, and infiltration and metas-
tasis in other tumor cells [4–6]. In recent years, many kinds of 
Chinese medicine been proved to have good anti-tumor effects. 
With the increase of tumor incidence, the anti-tumor effect of 
traditional Chinese medicine is getting more and more atten-
tion. Traditional Chinese medicines such as ginkgolide, resve-
ratrol, salvia miltiorrhizae, and total paeony glycoside can in-
vigorate the circulation of blood and have been proven to have 
anti-inflammatory, anti-tumor, and other effects.

Paeoniflorin (PF), the main active ingredient of the total pae-
ony glycosides, can activate blood circulation and has anti-in-
flammation and anti-tumor effects. It was proved that PF has 
an inhibitory effect on cell growth, invasion, and metastasis of 
gastric, hepatocellular, pancreatic, and breast cancers [7–10]. 
However, there are few studies on the effect of PF on CRC me-
tastasis. In this study, we explored the anti-tumor effects of PF 
on EMT in human CRC cells by in vitro and in vivo experiments.

Material and Methods

Cell culture and reagents

PF (purity >98%) was purchased from Kailai Bio-Engineering 
Co. (Xi’an, China). The CRC cell lines HCT116 and SW480 
were purchased from the Chinese Academy of Sciences Cell 
Bank (Shanghai, China). The cells were cultured in Dulbecco’s 

modified Eagle’s medium (DMEM) (Hyclone, Utah, USA) sup-
plemented with 10% fetal bovine serum (FBS) (Gibco, MA, USA) 
at 37ºC and 5% CO2 in a humidified incubator. PF (Kailai Biol-
Tech, Xi’an, China) was dissolved in Dulbecco’s modified 
Eagle’s medium. The cell counting kit-8 (CCK8), Bicinchoninic 
Acid (BCA) protein assay kit, antibody, and crystal violet 
were purchased from Beyotime Biotech (Nanjing, China). 
Matrigel glue was purchased from BD Biosciences (N023J, USA), 
and other reagents were purchased from Hyclone Biotech 
(Utah, USA). The primers for the genes of interest (E-cadherin, 
Vimentin, HDAC2) were synthesized by Sangon Biotech Co. Ltd 
(Shanghai, China), as follows: 5’-ACAACTTTGGTATCGTGGAAGG-3’ 
(forward) and 5’-GCCATCACGCCACAGTTTC-3’ (re-
verse) for GAPDH; 5’-CGAGAGCTACACGTTCACGG-3’ (for-
ward) and 5’-GGGTGTCGAGGGAAAAATAGG-3’ (reverse) 
for E-cadherin; 5’-AGTCCACTGAGTACCGGAGAC-3’ (for-
ward) and 5’-CATTTCACGCATCTGGCGTTC-3’ (reverse) for 
Vimentin; 5’-ATGGCGTACAGTCAAGGAGG-3’ (forward) and 
5’-TGCGGATTCTATGAGGCTTCA (reverse) for HDAC2. The prima-
ry antibody against b-actin, E-cadherin, Vimentin, and HDAC2 
were purchased from Cell Signaling Technology (MA, USA).

Cell proliferation assays of PF

Cell proliferation was determined by Cell Counting Kit-8 as-
say. CRC cells of HCT116 and SW480 were seeded in a 96-well 
plate at a density of 3×103/well in a humidified incubator with 
5% CO2 and 95% air at 37ºC. Then, cells were treated with 0, 
2.5, 5.0, 10.0, 20.0, and 40.0 mM PF for 48 h. After incubation 
with 10 µl CCK8 reagent and 90 µl DMEM each well for 2 h 
at 37ºC in the dark, the optical density (OD) of each well at 
450/620 nm was measured. Results are presented as means 
± standard deviation (SD) of 3 independent experiments.

Wound healing assay

Methods of colorectal cancer cell lines HCT116 and SW480 
culture are described above. When the degree of fusion was 
up to 80% or 90%, HCT116 and SW480 cells were resuspend-
ed and inoculated into 6-pore plates. The drawn monolayer 
was scraped at a constant width when the cells adhered to 
the wall. After that, the cells were rinsed slowly with PBS and 
exposed to the indicated concentrations of PF (0, 2.5, 5.0, and 
10.0 mM). We observed the distances of monolayer scraped 
and photographed it at 0, 12, 24, and 48 h after treatment with 
PF. Cell motility rate was calculated as (distance at 12, 24, or 
48 h – distance at 0 h)/distance at 0 h. Results are represent-
ed as means ±SD of 3 independent experiments.

Transwell-migration/invasion assay

The Transwell permeable support system containing 24-well 
Transwell (unit 0.8-μm pore size polyvinylidene fluoride) filters 
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were used to analyze the migration ability of HCT116 and 
SW480 cells. HCT116 and SW480 cells were pretreated with 
2.5 mM, 5.0 mM, and 10.0 mM PF for 48 h and then a total 
of 5×104 cells was seeded into the upper insert in 100 µl of 

serum-free DMEM. The lower chamber was filled with 600 µl 
DMEM containing 10% FBS as a chemoattractant. After cul-
turing for 48 h, the non-invading cells were removed from the 
upper surface of the membrane. The migrated cells on the 
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Figure 1.  Effect of paeoniflorin on HC116 and SW480 proliferation at 48 h. HCT116 (A) and SW480 cells (B) were treated with 
increasing concentrations of PF (2.5–40 mM) for 48 h. Data are expressed as means and SD of 3 different experiments. 
** p<0.01 (one-way ANOVA).
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Figure 2.  Effect of paeoniflorin on wound healing ability of HCT116 and SW480. HCT116 (A, C) and SW480 (B, D) cells were treated 
with increasing concentrations of PF (2.5–10 mM) for 48 h. Data are expressed as means and SD of 3 different experiments. 
* P<0.05; ** P<0.01. (One-Way ANOVA).
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lower surface were fixed with 4% formaldehyde for 15 min at 
room temperature then stained with crystal violet for 25 min, 
and their numbers in 5 fields of each triplicate filter were count-
ed. The cell invasion assays were performed in a similar manner 
except that 1.0×105 cells were seeded into the upper inserts 
with serum-free DMEM supplemented with Matrigel. Results 
are presented as means ±SD of 3 independent experiments.

Quantitative real-time polymerase chain reaction (qPCR) 
assay

After centrifugation, the HCT116 and SW480 cells were re-
moved and seeded onto 12-well plates, and treated with 
0, 2.5, 5.0, and 10.0 mM PF for 48 h. We collected cell RNA, 
and before reverse transcription, we discarded the genomic 
DNA from the RNA, and then used 2 μg of total RNA for first-
stand DNA synthesis. For mRNA detection, 500 ng of total RNA 
was used for complementary DNA synthesis with a PrimeScript 
RT reagent kit. Real-time PCR was performed with SYBR Premix 
Ex Taq II (Tli RNaseH Plus). The mRNA level of targets was 

calculated using the –DCt method and expressed as 2(–DCt) val-
ues based on threshold cycle (Ct) values, which were obtained 
by normalizing to the endogenous reference and relative to a 
control (GAPDH). Results are presented as means ±SD of 3 in-
dependent experiments.

Western blot analysis

HCT116 and SW480 cells (1×106 cells/well) were seeded into 
6-well plates, cultivated as previously described, and treated 
with 0, 2.5, 5.0, and 10.0 mM PF for 48 h. In accordance with 
the manufacturer’s protocol, cells were lysed using RIPA and 
centrifuged at 15 000×g for 10 min at 4ºC. Then, protein con-
centrations were determined by BCA assay. Twenty μg/lane 
of samples were electrophoresed by sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE) on 6–15% gels 
and transferred onto PVDF membranes. After blocking with 5% 
nonfat dry milk in TBST buffer, the membranes were incubat-
ed with anti-E-cadherin, anti-Vimentin, and anti-HDAC2 over-
night at 4°C. After 3 washes with TBST, the membranes were 

NC 2.5 mM 5.0 mM 10.0 mM

NC 2.5 mM 5.0 mM 10.0 mM

**
**

**

500

400

300

200

100

0

M
igr

at
ion

 ce
lls

 of
 �v

e �
eld

s

NC 2.5 mM 5.0 mM 10.0 mM

**

** **

300

200

100

0

M
igr

at
ion

 ce
lls

 of
 �v

e �
eld

s

HCT116

SW480

A

B

C D

Figure 3.  Effect of paeoniflorin on HCT116 and SW480 migration. Cell migration of HCT116 (A) and SW480 (B) cells were evaluated by 
Transwell-migration assay. With the increase of paeoniflorin concentration, the invasion ability of HCT116 (C) and SW480 (D) 
cells was decreased (n=3). * P<0.05; ** P<0.01.
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incubated with HRP-conjugated secondary antibody for 1 h at 
room temperature. Protein bands were developed using the 
ECL kit and imaged by the Tanon imaging system (Shanghai, 
China). b-actin was used as a control for normalization.

Tumor xenograft study

We established a CRC liver metastasis model to explore tumor 
invasion and metastasis in vivo. A specific pathogen-free (SPF) 
environment was used to breed the BALB/c nude mice (male, 
average weight 18–20 g). HCT116 cells (5×105) was mixed un-
der the spleen envelop of each nude mouse and all nude mice 
were assigned randomly to 2 groups (n=3 mice per group). 
The negative control group was gavaged with saline and the 
experimental group was gavaged with PF (1 g/kg/d) for 6 days/
week for 4 weeks. The nude mouse body weights were mon-
itored weekly during the entire experiment. At the end of the 
experiment, all mice were sacrificed. The livers were collect-
ed whole, then we assessed liver metastases and stored them 
in formalin for future analysis with hematoxylin-eosin (HE) 
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Figure 4.  Effect of paeoniflorin on HCT116 and SW480 cell invasion. Invasion of HCT116 (A) and SW480 (B) cells was evaluated by 
Transwell invasion assay. With the increase of paeoniflorin concentration, the invasive ability of HCT116 (C) and SW480 (D) 
cells was decreased (n=3). * P<0.05; ** P<0.01.
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Figure 5.  Effect of paeoniflorin on E-cadherin, Vimentin, and 
HDAC2 expression at the RNA level in HCT116 and 
SW480 cells. PCR was used to detect E-cadherin, 
Vimentin, and HDAC2 expression of RNA levels in 
HCT116 and SW480 cells after paeoniflorin treatment. 
With the increase of paeoniflorin concentration, 
E-cadherin was upregulated, while Vimentin and 
HDAC2 were downregulated in a dose-dependent 
manner (n=3). * P<0.05; ** P<0.01.
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Figure 6.  Effect of paeoniflorin on E-cadherin, Vimentin, and HDAC2 expression in HCT116 (A) and SW480 (B) cells. The protein 
expression was analyzed by Western blot after paeoniflorin treatment. The results are consistent with PCR results.

staining and immunohistochemistry (ICH) assays. All procedures 
were approved by the Animal Ethics Committee of Zhongshan 
Hospital; Fudan University, China (Permit number: 2017-049).

Statistical analysis

The data were analyzed with GraphPad Prism 6 software and 
are presented as means ± standard deviation (SD). Analysis of 
variance was performed to compare multiple data. Probability 
value (P) <0.05 was considered statistically significant.

Results

Effect of PF on CRC cell proliferation

CCK8 was carried out to investigate the cell proliferation of 
PF on CRC. As shown in Figure 1, PF inhibited cell prolifera-
tion of HCT116 and SW480 cells in a dose-dependent manner. 
The viabilities of HCT116 and SW480 cells were mildly sup-
pressed at doses of 2.5, 5.0, and 10.0 mM PF and were strong-
ly suppressed at doses of 20.0 and 40.0 mM PF as compared 
with non-treated cells at 48 h (P<0.05). The 50% inhibition 
concentrations (IC50) of PF on HCT116 and SW480 cells were 
13.34 and 12.60 mM, respectively. The findings indicate that 
PF strongly suppresses CRC cell proliferation.

Effect of PF on CRC cell migration/invasion

We used the wound healing and Transwell-migration assays 
to examine the effects of PF on migration in the CRC cell lines. 
All wound healing images showed that PF suppressed the cell 
migration ability and this effect was obviously concentration- 
and time-dependent. Results showed that the area of wound 
healing for HCT116 and SW480 cells were approximately 
25.9±3.6% and 24.3±0.6%, respectively, at 10 mM at 48 h. 
The cell motility for HCT116 and SW480 cells was reduced by 
PF compared with the control group (Figure 2). The Transwell 
migration assays revealed that PF effectively inhibited the 
numbers of HCT116 and SW480 cells in the lower chamber 
(Figure 3). We used the Transwell-invasion assay to determine 
the invasive activity of CRC cells. As illustrated in Figure 4, af-
ter HCT116 and SW480 cells were treated with 2.5–10.0 mM 
PF for 48 h, PF inhibited the invasive potential of CRC cells in 
a dose-dependent manner (Figure 4).

Effect of PF on the expression of E-cadherin, Vimentin, and 
HDAC2 at RNA and protein levels

The role of EMT in the progression of tumor cell migration and 
invasion is very important. To further elucidate the underlying 
mechanism of the effect of PF on CRC, several putative EMT-
related markers, such as E-cadherin and Vimentin, were eval-
uated by real-time PCR. After treatment with 0, 2.5, 5.0, or 
10.0 mM PF for 48 h, the results revealed that the expression 
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of mRNA of E-cadherin was significantly increased and Vimentin 
was decreased in HCT116 and SW480 cells (Figure 5), while 
the expressions of Vimentin and HDAC2 were downregulat-
ed in a dose-dependent manner. These protein changes of 
these genes were further confirmed by Western blot analy-
sis (Figure 6). These observations indicate that PF can sup-
press the EMT of CRC.

Effect of PF on CRC HCT116 tumor xenograft metastases

PF suppresses the invasion and migration of cultured CRC 
cells, as indicated by the preceding results. Thus, the liver 
metastasis model of CRC was used to explore whether PF af-
fects CRC metastasis in vivo. On day 30 after transplantation, 
PF-treated xenograft tumors were significantly smaller and 
less numerous compared with saline-treated xenograft tumors 
(Figure 7A, 7B). As shown in HE of tumor issue, PF significantly 
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Figure 7.  Effect of paeoniflorin on colorectal cancer metastasis in vivo. When gavaged with paeoniflorin, the experimental group mice 
had significantly fewer and smaller liver metastatic tumors (A–C). The expression levels of E-cadherin, Vimentin, and HDAC2 
in liver tissues were measured by immunohistochemical analysis (D), and the results are in accord with the in vitro test 
results.

NC PF
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Vimentin

HDAC2

D

reduced hepatic metastasis compared to the control group 
(Figure 7C). Immunohistochemistry analysis of target mole-
cules of EMT was performed on tumor tissue. The results re-
vealed that the E-cadherin was increased in tumors of nude 
mice gavaged with PF, while the Vimentin and HDAC2 levels 
were decreased (Figure 7D). Collectively, our results show that 
PF negatively regulates tumor metastasis of CRC.

Discussion

The traditional Chinese medicine PF has also been shown to inhib-
it proliferation and metastasis and induces cell apoptosis in gastric 
cancer, pancreatic cancer, hepatocellular carcinoma, and breast 
cancer through various mechanisms, such as the modulation of 

the PI3K/Akt or STAT3 signaling pathway, Bcl-2 and Bax expres-
sion, ERK signaling pathway, or the Notch-1 expression [7–10]. 
Few studies have described the effect of PF on CRC. Our results 
for the first time indicate that PF has different effects on CRC. 
At a high dose (40 mM), which is greater than IC50 (13.34 mM 
of HCT116 and 12.60 mM of SW480), the cell proliferation was 
inhibited. At a low dose (<10 mM), cell migration and invasion 
were inhibited and this effect may be related to EMT.

Research has shown that the EMT initiates cancer cell dissem-
ination, inducing non-cancer stem cells to enter into a cancer 
stem cell-like state [11], and promotes metastatic seeding ac-
companying the downregulation of E-cadherin and upregula-
tion of Vimentin [12,13]. Gene mutation and transcriptional 
and post-transcriptional modification play an important part 
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in the process of EMT [12]. The absence of E-cadherin is the 
basis of EMT occurrence [14].

Many studies have revealed that histone acetylation plays an 
important role in the transcriptional modifications of EMT-
related markers [15]. The acetylation involves histone acetyl-
transferase (HAT) and histone deacetylase (HDAC). In general, 
the acetylation level of histones in the nucleus is in a state 
of dynamic equilibrium. Histone was acetylated by HAT and 
prompted histone to dissociate from DNA, which makes the 
nucleosome structure relax. As a result, it can increase the DNA 
binding sites and regulate the specific binding of transcription 
factors and the cofactor, as well as activating gene transcription. 
However, HDAC can reduce the acetylation level of histone 
and promotes its binding on the charged DNA, thus inhibit-
ing the transcription of target genes [16]. Previous studies re-
vealed that HDAC2, which is one of the most important HDACs, 
is overexpressed in many tumors and is closely related to tumor 

metastasis [17–22]. HDAC2 can reduce E-cadherin expression 
with EZH2, ZEB1, and SNAIL [23,24]. Limiting HDAC2 can sup-
press E-cadherin transcription in the process of EMT and then 
inhibit the invasion and metastasis of tumor cells [20,21,25]. 
Our study verifies this conclusion.

Conclusions

We found that with the increased PF concentration and longer 
treatment period, the migration and invasion abilities of both 
CRC cell lines were remarkably inhibited. Moreover, the ther-
apeutic effect of PF was confirmed once more in the HCT116 
xenograft mouse model. All the above evidence clearly shows 
that PF has potential in treatment of CRC, probably by tar-
geting HDAC2 and negative modulation of the EMT in CRC, 
although the detailed mechanisms and its clinical implication 
need further study.
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