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Background: Echinacoside (ECH) is the main active ingredient of Cistanches Herba, which is known to have thera-
peutic effects on metastatic tumors. However, the effects of ECH on liver cancer are still unclear. This study was to
investigate the effects of ECH on the aggression of liver cancer cells.

Methods: Two types of liver cancer cells Huh7 and HepG2 were treated with different doses of ECH at different times
and gradients. MTT and colony formation assays were used to determine the effects of ECH on the viability of Huh7
and HepG?2 cells. Transwell assays and flow cytometry assays were used to detect the effects of ECH treatment on the
invasion, migration, apoptosis and cell cycle of Huh7 and HepG2 cells. Western blot analysis was used to detect the
effects of ECH on the expression levels of TGF-31, smad3, smad7, apoptosis-related proteins (Caspase-3, Caspase-8),
and Cyto Cin liver cancer cells. The relationship between miR-503-3p and TGF-1 was detected using bioinformatics

Results: The results showed that ECH inhibited the proliferation, invasion and migration of Huh7 and HepG2 cells in
a dose- and time-dependent manner. Moreover, we found that ECH caused Huh7 and HepG2 cell apoptosis by block-
ing cells in S phase. Furthermore, the expression of miR-503-3p was found to be reduced in liver tumor tissues, but
ECH treatment increased the expression of miR-503-3p in Huh7 and HepG2 cells. In addition, we found that TGF-31
was identified as a potential target of miR-503-3p. ECH promoted the activation of the TGF-31/Smad signaling path-
way and increased the expression levels of Bax/Bcl-2. Moreover, ECH could trigger the release of mitochondrial Cyto C,

Conclusions: This study demonstrates that ECH exerts anti-tumor activity via the miR-503-3p/TGF-31/Smad aixs in
liver cancer, and provides a safe and effective anti-tumor agent for liver cancer.

Keywords: Echinacoside, Liver cancer, Apoptosis, MiR-503-3p, TGF-31/smad
-

Introduction

Liver cancer is one of the most common malignant
tumors with a high incidence rate, and the incidence of
liver cancer has been growing rapidly [1]. Hepatectomy
is the best way to treat liver cancer for patients at early
stages [2]. However, most patients have recurrence and
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metastasis after surgery. The 5-year survival rate is only
about 3—-5% [2]. Therefore, novel therapeutic approaches
and agents are urgently needed.

In the past few years, cancer drug development and
research phytochemicals have started to pay attention
to ethnopharmacology [3, 4]. A large number of clini-
cal and experimental studies have shown that medicine
monomers can inhibit the proliferation, metastasis of
hepatocellular carcinoma cells, induce apoptosis and dif-
ferentiation of cancer cells [5]. Cistanches Herba is a plant
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belonging to the family of plants, which is a traditional
medicine in China and is known as “desert ginseng” [6].
Cistanches Herba is rich in types of chemical compo-
nents, and researchers at home and abroad have isolated
more than a hundred compounds from it, including phe-
nylethanol glycosides, lignans, cycloaliphatic terpenes,
sugars, amino acids, etc. [7]. Echinacoside(ECH) is the
main component of Cistanches Herba and is also gener-
ally considered as its main active ingredient [6]. In recent
years, studies have shown ECH may be a new treat-
ment option for aggressive or widely metastatic tumors
[8]. Studies have found that ECH can inhibit pancreatic
cancer, leukemia, gastric cancer, endometrial cancer and
many other tumors [9]. However, there is no report about
the effect of ECH on the progression of liver cancer.

MiRNAs play pivotal roles in the post-transcriptional
regulation of gene expression (10). Extensive stud-
ies have shown that miRNAs are closely related to liver
cancer [11] and Multiple Sclerosis. MiR-503-3p is a
newly discovered miRNA that is involved in prolifera-
tion, migration, and invasion of tumor cells [12]. How-
ever, its function in liver cancer is unclear. At present,
the research of miRNA downstream target genes is in a
relatively mature stage, but many target gene loci remain
undiscovered. The TGF-B1/Smad3 signal transduction
pathway is particularly important for tumorigenesis and
development [13]. It was found that the TGF-p1/Smad3
pathway was activated in hepatoma model, suggesting
that the TGF-p1/Smad3 pathway played a significant role
in the development of liver cancer [14]. The high expres-
sion of TGF-f1/Smad3 pathway is considered to be one
of the key reasons for the occurrence of liver cancer [15].
In order to further investigate the underlying mechanism
mediated the effects of ECH on the liver cancer, miRNA/
TGEF-B1/Smad3 pathway was explored.

In this study, we evulated the effects of ECH on the pro-
gression of liver cancer cells, and found that ECH exerted
an anti-tumor activity via the miR-503-3p/TGF-B1/Smad
aixs in liver cancer, and provides a safe and effective anti-
tumor agent for liver cancer.

Methods and materials

Materials

Echinacoside (ECH) (purity>98%, monohydrate) was
obtained from Hetian Dichen sasheng Pharmaceutical
Development Co., Ltd (Xinjiang, China). The structural
formula was shown in Fig. 1.

Cell culture and transfection

Human liver cancer cell lines Huh7 and HepG2 were
purchased from FENGHUISHENGWU (Hunan, China).
Cells were cultured in DMEM medium supplemented
with 10% fetal bovine serum (FBS, Gibco, USA) at 37 C in
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Fig. 1 The structural formula of Echinacoside

a 5% CO, cell incubator. MiR-503-3p mimic and miR-NC
were obtained from Shanghai Gene Pharmaceutical Co.,
Ltd. (Shanghai, China). All transfections were performed
using Lipofectamine 2000 reagent (Invitrogen) following
manufacturer’s instructions. After an additional 24—48 h,
the transfected cells were collected and processed for fur-
ther studies.

Luciferase reporter assay

Total RNAs were extracted from cells, and TGF-p was
amplified using the WT and MUT primers. A fragment
of TGF-B1 was inserted into the pGL3-Bashc luciferase
reporter vector named TGF-B-WT-Luc. The binding
region of f1 and miR-503-3p was mutagenized to form
a mutant plasmid designated as TGF-f1-Mut-Luc. TGF-
B1-WT-Luc and TGF-B1-Mut-Luc were co-transfected
into cells with miR-503-3p mimic and pRLTK. Cells were
collected 6 h after transfection. Dual-Luciferase Reporter
Assay Kit (Promega, Madison, WI, USA) was used to
determine luciferase activity.

Cell growth assay

Huh7 and HepG2 cells (2 x 10°) were placed in 96-well
plates. Cells were then treated with ECH for 24, 36 and
48 h. After that, 10 mL MTT solution was added to each
well and the cells were incubated for 4 h. After that, 150
uL of DMSO was added to the wells. And the absorbance
at 570 nm was measured by an ELISA reader (Aoweiya,
Beijing, China).

Colony formation

Single cell suspension was prepared from the transfected
cells and cultured in an incubator for 7 days. After dis-
carding the medium, cells were stained with Wright’s
stain for 5 min, and then stained with Giemsa dye solu-
tion and Sorensen phosphomolybdate buffer solution
(1:9) for 10 min. After washing, colonies were counted
under a microscope.



Li et al. Cancer Cell Int (2021) 21:304

Transwell assay

Migration and invasion assays were performed in Tran-
swell chambers (Costar, Badhoevedorp, The Nether-
lands) coated with or without Maribel (BD Biosciences)
on the upper surface of the 8-um (pore size) membrane.
For migration assay, transfected Huh7 and HepG2 cells
were re-suspended in 200 pL of serum-free DMEM
medium and seeded in the upper chambers. For inva-
sion assay, Matrigel (30 pg/well) was pre-coated on the
membranes of the upper chambers and other steps were
the same as migration assay. After incubation of 24 h,
cells had migrated or invaded through the membrane
to the lower surface were fixed with ethanol and stained
with 0.2% crystal violet. Finally, cells were observed and
counted in five random fields using a microscope.

Cell cycle analysis

Huh7 and HepG2 cells were seeded in 6-well plates at
a density of 1 x 10° cells/mL. Cells were collected after
treated with ECH for 0, 24, 48 h. These cells were then
added with 1 mL of ice precooled 75% ethanol, fixed at
20 °C for 2 h. After that, cells were added with PI stain-
ing solution and incubated in dark for 15 min. Cell
cycle was then analyzed by flow cytometry.

Apoptotic cell analysis

Cells were plated into 6-well plates at a density of
5x 10° cells/well. After collection, cells were centri-
fuged and 195 pL of Annexin V-FITC binding solution
was added to resuspend the cells. Next, 5 pL Annexin
V-FITC and 10 pL propidium iodide staining solution
were added. Cells were incubated in the dark and then
placed in an ice bath.

Quantitative reverse transcription PCR (qRT-PCR)

Total RNAs were extracted by TRIzol reagent (Haigene,
Haerbin, China). The viiA"" 7 real-time PCR system was
used for qRT-PCR. RNA was reverse transcribed into
cDNA using the BeyoRT " First Strand cDNA Synthesis
Kit (Beyotime Institute of Biotechnology). U6 was used
as an endogenous control [16]. The primer sequences
were as follows:

miR-503-3p: forward: 5-CTGATGGTTAAGAGA
ATGT-3/,
miR-503-3p: reverse: 5-GTCCTTGGACATCCG
GGCCG-3,

U6: forward: 5'-GACAGATTCGGTCTGTGGCAC-3/,
U6: reverse: 5'-GATTACCCGTCGGCCATCGATC-3'.

Western blot analysis
The transfected cells were collected and total pro-
teins were extracted. Protein concentrations were
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determined using the BCA Protein Assay Kit. Pro-
tein samples were separated by 10% SDS-PAGE and
transferred onto a polyvinylidene fluoride membrane.
The membrane was then incubated with anti-TGF-p1
(1:1000, Shifeng, Shanghai, China), SMAD3 (1:1000,
Shifeng, Shanghai, China), SMAD 7 (1:1000, Shifeng,
Shanghai, China), Bcl-2 (1:1000, Shifeng, Shanghai,
China), Bax (1:1000, Shifeng, Shanghai, China), Cyto C
(1:1000, Shifeng, Shanghai, China), caspase-3 (1:1000,
Shifeng, Shanghai, China), caspase-8 (1:1000, Shifeng,
Shanghai, China) and anti-f-actin antibody (1:1000,
Shifeng, Shanghai, China) overnight. Then the mem-
brane was incubated with anti-rabbit secondary anti-
body (1:1000, Shifeng, Shanghai, China) [17].

Statistical methods

The data were presented as the mean 4 standard devia-
tion (SD). All statistical analyses were performed with
SPSS 13.0 software. Student’s t-test was used for com-
parisons. p value < 0.05 was considered significant.

Results

Effect of ECH on human liver cancer cell activity

and proliferation

To investigate the effect of ECH on human liver can-
cer cell function, MTT assay was performed and the
results showed that the cell viability of HepG2 (Fig. 2a)
and Huh7 (Fig. 2b) was gradually decreased with the
increase of dose and time of ECH treatment compared
with the control group (p<0.01). After 48 h expo-
sure of ECH, the cell viability was the lowest, so 48 h
exposure of ECH was selected for further experiment.
Colony formation assay results showed that the num-
ber of colonies of HepG2 (Fig. 2c) and Huh7 (Fig. 2d)
cells gradually decreased by treatment of ECH in a
dose-dependent manner compared with the control
group (p<0.01, p<0.001). These results indicate that
ECH plays an important role in HCC cell activity and
proliferation.

Effects of ECH on human liver cancer cell migration

and invasion

To further investigate the effect of ECH on human liver
cancer cell function, cell migration and invasion were
detected. As shown in Fig. 3a, b, compared with the
group without treatment of ECH, the migration and inva-
sion of Huh7 and HepG2 cells were significantly reduced
after treatment of ECH in a dose-dependent manner
(p<0.01, p<0.001), suggesting that ECH inhibited the
migration and invasion of Huh7 and HepG2 cells.
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Fig. 2 a Effect of ECH on cell viability of HepG2 cells at different dose and time of action. b Effect of ECH on cell viability of Huh7 cells at different
dose and time of action. ¢ Effect of ECH concentration on cell colony formation of HepG2 cells at different dose and time of action. d Effect of
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ECH regulated human liver cancer cell distribution

and apoptosis

In order to explore the effect of ECH on the liver can-
cer cell apoptosis, flow cytometry was carried out. As
shown in Fig. 4a, compared with the control group, the
percentage of Huh7 and HepG2 cells in GO/G1 phase
was significantly reduced after ECH treatment in a dose-
dependent manner (p <0.01), and the percentage of Huh7
and HepG2 cells in the S phase was gradually increased
after ECH treatment in a dose-dependent manner
(p<0.01), but there was no change of the percentage of
Huh7 and HepG2 cells in G2/M phase after ECH treat-
ment (p>0.05), indicating that ECH caused S phase
arrest of Huh7 and HepG2 cells. In addition, with the
increase of the dose of ECH, the apoptosis rate of Huh7
and HepG2 cells gradually increased compared with the
control group (Fig. 4b, p<0.01, p<0.001). These results
indicated that ECH induced the apoptosis of Huh7 and
HepG2 cells.

The effects of ECH on the TGF-B1/Smad pathway

It's known that TGF-B1/Smad signaling pathway is well
involved in the cell apoptosis. In order to investigate the
mechanism of ECH-induced apoptosis in HepG2 cells.
The expression of TGF-B1/Smad signaling pathway was
detected. Compared with the control group, we found
that ECH treatment significantly reduced the expression
levels of TGF-B1 and Smad3 at both mRNA (Fig. 5a) and
protein (Fig. 5b) levels, and significantly up-regulated
the expression of Smad7 in a dose-dependent manner at
both mRNA and protein levels (p <0.01, p<0.001). These
results indicated that ECH inhibited the activation of the
TGEF-B1/Smad signaling pathway.

TGF-B1 was a direct target of miR-503-3p

In addition, the online prediction tool Starbase v2.0
(http://starbase.sysu.edu.cn) showed that TGF-B1 was
a potential target of miR-503-3p (Fig. 6a). Luciferase
reporter gene assay results showed that the luciferase
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activity of HepG2 cells and Huh7 cells co-transfected  Similarly, the luciferase activity of HepG2 and Huh?7 cells
with miR-503-3p mimic and TGF-B1-WT was signifi- co-transfected with miR-503-3p inhibitor and TGF-p1-
cantly reduced, but not the cells co-transfected with MUT was significantly increased, but not the cells co-
miR-503-3p mimic and TGF-B1-MUT (Fig. 6b, p<0.01).  transfected with miR-503-3p inhibitor and TGF-f1-WT
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Fig. 5 Effect of ECH on TGF-1/Smad pathways. a The mRNA levels of TGF-1, smad3 and smad7 in HepG2 and Huh7 cells. b The protein levels of
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(Fig. 6¢, p<0.01). Furthermore, the expression levels of
TGEF-B1 were significantly reduced in miR-503-3p mimic
group compared with that in the NC group (Fig. 6d,
p<0.01), but significantly increased in the miR-503-3p
inhibitor group (Fig. 6d, p <0.05). These results suggested
that TGF-B1 was a direct target of miR-503-3p. To fur-
ther investigate whether miR-503-3p mediated the effect
of ECH on liver cancer, the expression of miR-503-3p was
detected in liver cancer tissues and it showed that the
expression levels of miR-503-3p were decreased in liver
cancer tissues compared with that in normal liver tissues
(Fig. 6f, p<0.01). Moreover, the expression levels of miR-
503-3p were further decreased in metastasis liver cancer
tissues than that in nonmetastatic liver cancer tissues
(Fig. 6g, p<0.01). The expression levels of miR-503-3p
in HepG2 and Huh7 cells were gradually increased after
ECH exposure (Fig. 6e, p<0.05, p<0.01). Taken together,
these results suggest that miR-503-3p/TGF-f1 may
mediate the effect of ECH on the liver cancer.

Effect of ECH on cytochrome C and caspases activities

As shown in Fig. 7a, compared with the control group, we
found that ECH treatment induced a significant decrease
in the expression levels of Bcl-2 in a dose-dependent
manner (p<0.01, p<0.001), while the expression levels
of Bax were significantly increased in a dose-dependent
manner (p<0.01, p<0.001). It was demonstrated that
Bcl-2 and Bax were involved in ECH-induced apoptosis

in HepG2 and Huh7 cells. In addition, the expression lev-
els of Cyto C, caspase-8 and caspase-3 were significantly
increased in HepG2 and Huh7 cells (Fig. 7b, p<0.01,
p<0.001), indicating that the release of Cyto C and the
activation of caspase-8 and caspase-3 were involved in
ECH-induced apoptosis in HepG2 and Huh7 cells.

Discussion

Surgical resection is the main treatment method for
patients with liver cancer, and the recurrence and metas-
tasis rate after liver resection is high [18, 19]. In this
study, we found that ECH has a certain inhibitory effect
on liver tumors, and provides a safe and effective anti-
tumor agent for liver cancer. Clinical practice has demon-
strated that traditional Chinese medicine can effectively
alleviate the clinical symptoms of liver cancer patients
[20]. For ECH, studies have shown that ECH has antioxi-
dant, antidepressant, anti-inflammatory, antiviral, antitu-
mor and antibacterial effect [21, 22]. In colorectal cancer,
ECH can induce tumor cell apoptosis by up-regulating
caspase-3 and cleavage DNA repair enzymes to induce
DNA oxidation [23]. In this study, we found for the first
time that ECH exerts anti-tumor activity via the miR-
503-3p/TGF-p1/Smad aixs in liver cancer.

The intercellular phase of cell cycle of eukaryotic cells
can be divided into G1, S, and G2. The regulation points
of the cell cycle at different periods are regulated by dif-
ferent regulatory factors [24]. This study found that
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the percentage of Huh7 and HepG2 cells in G0O/G1 and
G2/M phase was reduced, and the percentage of cells in
S phase was increased after ECH, indicating that ECH
caused S phase arrest of Huh7 and HepG2 cells. Imbal-
ance of apoptosis is one of the main mechanisms of
human tumors. It has been reported that anti-tumor
chemotherapeutic drugs generally induce apoptosis of
cancer cells and control cancer progression. In our study,
we also found that ECH could induce liver cancer cell
apoptosis in a dose-dependent manner, suggesting that
inducing cancer cell apoptosis may be one of the underly-
ing mechanism of ECH on liver cancer.

MiRNAs play key roles in the regulation of HCC cell
proliferation, cycle, apoptosis, migration through inter-
actions with different signaling pathways and molecules
[25, 26]. For example, it was found that miR-26a is highly
expressed in normal liver cells, but it is significantly
downregulated in liver cancer cells and inhibiting pro-
liferation [27]. Overexpression of miR-503-3p induces
apoptosis of lung cancer cells and inhibits cell invasion
and migration [28]. In addition, a large number of stud-
ies have shown that the TGF-Bf1/Smad signaling pathway
plays an pivotal role in the development of liver cancer
[7]. Moreover, when liver cancer continues to progress,
the expression of TGF-P1 is reported to be gradually
increased [29]. In this study, we found that ECH down-
regulated TGF-B1 and Smad3, and up-regulated Smad?,
demonstrating that ECH inhibited the activation of
the TGF-p1/Smad signaling pathway. In this study, we
found that the expression of miR-503-3p was found to
be reduced in liver tumor tissues, but ECH treatment
increased the expression of miR-503-3p in Huh7 and
HepG2 cells. In addition, we found that TGF-f1 was
identified as a potential target of miR-503-3p. ECH pro-
moted the activation of the TGF-B1/Smad signaling
pathway and increased the expression levels of Bax/Bcl-
2. These results suggest that miR-503-3p/ TGF-f1/Smad
signaling pathway may mediate the effects of ECH on the
liver cancer.It has been known that the increased Bax/
Bcl-2 ratio may cause Cyto C in the mitochondria to be
released into the cytoplasm. Cyto C interacts with Cas-
pase-8 and forms an apoptotic body that then recruits
and activates Caspase-3, which causes the Caspases cas-
cade and promotes cell death [30]. In this study, we found
that ECH reduced the expression of Bcl-2 and increased
the expression of Bax, Cyto C, caspase-8 and caspase-3.
These results suggest that ECH can repair mitochondrial
injury to a certain extent.

Conclusion

In this study, we found that ECH treatment inhibited the
proliferation, invasion and migration, and induced the
apoptosis of liver cancer cells. The underlying mechanism
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of ECH treatment on liver cancer cells was found to be
related to the miR-503-3p/TGF-pB1/Smad signaling path-
way. This study will provide a certain experimental basis
for the research of ECH on anti-tumor. It is worth not-
ing that the present study is limited by the lack of animal
experiments. Therefore, our future study will perform
animal experiments to further confirm our findings.

Acknowledgements
We are thankful to the Lanzhou University.

Authors’ contributions

WL: manuscript writing and literature search. WL, JZ, QY and YZ: data analysis
and statistical analysis. WL, JZ and XL: data collection. WL, JH and FH: study
design. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data used and/or analyzed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This article does not contain any studies with human participants or animals
performed by any of the authors.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 4 June 2020 Accepted: 23 March 2021
Published online: 10 June 2021

References

1. LeiY, Hu Q, Pathology JGJ, Research O. Expressions of carbohydrate
response element binding protein and glucose transporters in liver
cancer and clinical significance. Pathol Oncol Res. 2020,26(2):1331-40.

2. Saad AM, Abdel-Rahman O. Initial systemic chemotherapeutic and tar-
geted therapy strategies for the treatment of colorectal cancer patients
with liver metastases. Expert Opin Pharmacother. 2019;20(14):1767-75.

3. Zhiyong D. Cinobufacini injection for moderate and advanced primary
liver cancer: a systematic review and meta-analysis. J Chin Pharm Sci.
2019;28(4):264-75.

4. Mukunthan KS, Satyan RS, Patel TN. Pharmacological evaluation of phy-
tochemicals from South Indian Black turmeric (Curcuma caesia Roxb.) to
target cancer apoptosis. J Ethnopharmacol. 2017;209(2):82-90.

5. Zhong P Hong Y, Shan L, Jun P, Jiumao L. A traditional Chinese medi-
cine herb mixture Qingjie Fuzheng granules inhibits hepatocellular
carcinoma cells growth by inducing apoptosis. J Evid Based Integr Med.
2019;23:2515690X1878963.

6. LuCW, Huang SK, LinTY, Wang SJ. Echinacoside, an active constituent of
Herba Cistanche, suppresses epileptiform activity in hippocampal CA3
pyramidal neurons. Korean J Physiol Pharmacol. 2018;22(3):249.

7. PengF, XuR, XuCQ QiY, ShiY,Ye ZG, et al. Ancient literature textual
research on medicinal and edible history of Cistanches Herba. Chin
Pharm J. 2017,52:377-83.

8. YeY,SongY, Zhuang J, Wang G, Ni J, Xia W. Anticancer effects of echina-
coside in hepatocellular carcinoma mouse model and HepG2 cells. J Cell
Physiol. 2019;234(2):1880-8.

9. Best SA, Souza DPD, Kersbergen A, Policheni AN, Sutherland KD. Synergy
between the KEAP1/NRF2 and PI3K pathways drives non-small-cell



Li et al. Cancer Cell Int

20.

(2021) 21:304

lung cancer with an altered immune microenvironment. Cell Metab.
2018;27(4):935.

Zhong X, Huang G, Ma Q, Liao H, Guo X. Identification of crucial miRNAs
and genes in esophageal squamous cell carcinoma by miRNA-MRNA
integrated analysis. Medicine (Baltimore). 2019,98(27):e16269.

. Wang Z, Zhao K, Zhang Y, Duan X, Zhao Y. Anti-GPC3 antibody tagged

cationic switchable lipid-based nanoparticles for the co-delivery of anti-
miRNA27a and sorafenib in liver cancers. Pharm Res. 2019;36(10):145.
Wen'Y, Chen R, Zhu C, Qiao H, Liu'Y, Ji H, et al. MiR-503 suppresses
hypoxia-induced proliferation, migration and angiogenesis of endothelial
progenitor cells by targeting Apelin. Peptides. 2018;105:58-65.

Nong X, Rajbanshi G, Chen L, Li J, Li J. Effect of artesunate and relation
with TGF-B1 and SMAD3 signaling on experimental hypertrophic scar
model in rabbit ear. Arch Dermatol Res. 2019;311(10):761-72.

Tong Z, Wei L, Wei M, Hui Z, Qing Y, Shi-jie G, et al. Downregulation of
miR-542-3p promotes cancer metastasis through activating TGF-3/
Smad signaling in hepatocellular carcinoma. Onco Targets Ther.
2018;11:1929-39.

LiH, Sekine M, Seng S, Avraham S, Avraham HK. BRCA1 interacts with
Smad3 and regulates Smad3-mediated TGF-{ signaling during oxidative
stress responses. PLoS ONE. 2009;4(9):e7091.

Chervoneva |, Freydin B, Hyslop T, Waldman SA. Modeling gRT-PCR
dynamics with application to cancer biomarker quantification. Stat Meth-
ods Med Res. 2018;27(9):2581-95.

Susumu K, Takahiro |, Hideaki |, Yoshihiko W, Yusaku O, Keiichi K, et al.
Identification by proteomic analysis of calreticulin as a marker for bladder
cancer and evaluation of the diagnostic accuracy of its detection in urine.
Clin Chem. 2020;50(5):857-66.

Agsalda-Garcia M, Shieh T, Souza R, Kamada N, Shiramizu B. Raman-
enhanced spectroscopy (RESpect) probe for childhood non-hodgkin
lymphoma. SciMed J. 2020;2(1):1-7.

Zhang X, Bai Y, Xu L, Zhang B, Feng S, Xu L, et al. Clinical and morpho-
molecular classifiers for prediction of hepatocellular carcinoma prognosis
and recurrence after surgical resection. Hepatol Int. 2019;13(6):715-25.
Yang JM, Sun’Y, Wang M, Zhang XL, Zhang SJ, Gao YS, et al. Regulatory
effect of a Chinese herbal medicine formula on non-alcoholic fatty liver
disease. World J Gastroenterol. 2019;25(34):5105-19.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Page 9 of 9

Cui Q PanY, Bai X, Zhang W, Chen L, Liu X. Systematic characterization of
the metabolites of echinacoside and acteoside from Cistanche tubulosa
in rat plasma, bile, urine and feces based on UPLC-ESI-Q-TOF-MS. Biomed
Chromatogr. 2016;30(9):1406-15.

Tang F, Yarong H, Xue Z, Jian Q. Effect of echinacoside on kidney fibrosis
by inhibition of TGF-B1/Smads signaling pathway in the db/db mice
model of diabetic nephropathy. Drug Des Devel Ther. 2019;11:2813-26.
Dong L, Yu D, Wu N, Wang H, Niu J, Wang Y, et al. Echinacoside induces
apoptosis in human SW480 colorectal cancer cells by induction of oxida-
tive DNA damages. Int J Mol Sci. 2015;16(7):14655-68.

Gao SW, Liu F. Novel insights into cell cycle regulation of cell fate determi-
nation. J Zhejiang Univ Sci B. 2019,20(6):467-75.

Ding B, LouW, Liu J, Li R, International WFJCC. In silico analysis excavates
potential biomarkers by constructing miRNA-mRNA networks between
non-cirrhotic HCC and cirrhotic HCC. Cancer Cell Int. 2019;19(1).

Salina N, Beata W-S. Beyond thrombosis: the role of platelets in pulmo-
nary hypertension. SciMed J. 2020;2(4):243-71.

LiY,Ren M, ZhaoY, Lu X, Wang M, Hu J, et al. MicroRNA-26a inhibits prolif-
eration and metastasis of human hepatocellular carcinoma by regulating
DNMT3B-MEGS3 axis. Oncol Rep. 2017;37(6):3527.

SunY, LiL, Xing S, Pan, ShiY, Zhang L, et al. miR-503-3p induces apop-
tosis of lung cancer cells by regulating p21 and CDK4 expression. Cancer
Biomark. 2017,6(20):597-608.

Mo C, LiuT, Zhang S, Guo K, Liu Y. Reduced N-acetylglucosaminyltrans-
ferase lll expression via Smad3 and Erk signaling in TGF-B1-induced HCC
EMT model. Discov Med. 2017,23(124):7-17.

LiuT, Chen X, Sun J, Jiang X, Wu Y, Yang S, et al. Palmitic acid-induced
podocyte apoptosis via the reactive oxygen species-dependent mito-
chondrial pathway. Kidney Blood Press Res. 2018;43(1):206.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Echinacoside exerts anti-tumor activity via the miR-503-3pTGF-β1Smad aixs in liver cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods and materials
	Materials
	Cell culture and transfection
	Luciferase reporter assay
	Cell growth assay
	Colony formation
	Transwell assay
	Cell cycle analysis
	Apoptotic cell analysis
	Quantitative reverse transcription PCR (qRT-PCR)
	Western blot analysis
	Statistical methods

	Results
	Effect of ECH on human liver cancer cell activity and proliferation
	Effects of ECH on human liver cancer cell migration and invasion
	ECH regulated human liver cancer cell distribution and apoptosis
	The effects of ECH on the TGF-β1Smad pathway
	TGF-β1 was a direct target of miR-503-3p
	Effect of ECH on cytochrome C and caspases activities

	Discussion
	Conclusion
	Acknowledgements
	References




