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A B S T R A C T   

Background: Patrinia villosa, a traditional medicinal herb commonly used for treating intestinal-related diseases, 
has been commonly prescribed by Chinese medicine practitioners as a key component herb to treat colon cancer, 
although its anti-tumor effect and mechanisms of action have not been fully elucidated. 
Hypothesis/purpose: This study aimed to investigate the anti-tumor and anti-metastatic effects of Patrinia villosa 
aqueous extract (PVW), and its underlying mechanisms. 
Method: The chemical profile of PVW was analysed by high-performance liquid chromatography with 
photodiode-array detection (HPLC-DAD) method. Cell-based functional assays MTT, BrdU, scratch, and transwell 
were conducted to evaluate the effects of PVW on human colon cancer HCT116 and murine colon26-luc cells, 
assessing cytotoxicity, cell proliferation, motility, and migration, respectively. Western blotting was performed to 
assess the effect of PVW on the expression of key intracellular signaling proteins. In vivo studies were conducted 
using zebrafish embryos and tumor-bearing mice to evaluate the anti-tumor, anti-angiogenesis, and anti- 
metastatic effects of PVW in colon cancer. 
Results: Five chemical markers were identified and quantified in PVW. PVW exhibited significant cytotoxicity and 
anti-proliferative activity, as well as inhibitory effects on cell motility and migration in both HCT116 and colon 
26-luc cancer cells via modulating protein expressions of TGF-β R1, smad2/3, snail, E-cadherin, FAK, RhoA, and 
cofilin. PVW (0.01–0.1 mg/ml) could significantly decrease the length of subintestinal vessels of zebrafish em
bryos through decreasing mRNA expressions of FLT1, FLT4, KDRL, VEGFaa, VEGFc, and Tie1. PVW (> 0.05 mg/ 
ml) also significantly suppressed colon cancer cells migration in the zebrafish embryos. Furthermore, oral 
administration of PVW (1.6 g/kg) significantly inhibited tumor growth by decreasing the expressions of tumor 
activation marker Ki-67 and CD 31 in tumor tissues of HCT116 tumor-bearing mice. PVW could also significantly 
inhibit lung metastasis in colon 26-luc tumor-bearing mice by modulating their tumor microenvironment, 
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including immune cells populations (T cells and MDSCs), levels of cytokines (IL-2, IL-12, and IFN-γ), as well as 
increasing the relative abundance of gut microbiota. 
Conclusion: This study revealed for the first time the anti-tumor and anti-metastatic effects of PVW through 
regulation of TGF-β-smad2/3-E-cadherin, and FAK-cofilin pathways in colon cancer. These findings provide 
scientific evidence to support the clinical use of P. villosa in patients with colon cancer.   

Introduction 

Colon cancer is one of the most common cancer in the world, and has 
the third mortality among all cancers (Siegel et al., 2022). The early 
stage of colon cancer could be treated by surgery operation or chemo
therapy and radiotherapy successfully. However, less than 20% of CRC 
patients survive beyond 5 years from diagnosis in advanced colon cancer 
(Lam et al., 2021). The primary treatments for advanced colon cancer 
include chemotherapy, immunotherapy, and targeted therapy. Although 
these therapies could slightly improve the overall survival of metastatic 
colon cancer patients, the severe adverse effects would affect their 
quality of life (Ow et al., 2021). Hence, there is still a need to develop 
more effective therapy with fewer side effects for metastatic colon 
cancer patients. 

Patriniae Herba, known as “Bai-Jiang-Cao” in China, refers to more 
than 20 species, such as Patrinia scabiosaefolia, Patrinia villosa, Patrinia 
rupestris, Patrinia heterophylla, etc. As a traditional medicinal herb, Pat
riniae Herba has been recorded for clearing heat, detoxification, 
relieving pain, and uterine bleeding (Sheng et al., 2019). In modern 
pharmacology, the ethanol extract or some isolated compounds from 
Patriniae Herba have been demonstrated to possess wide pharmaco
logical activities, including anti-inflammatory, anti-bacterial, anti-viral, 
and anti-tumor effects (He et al., 2017). In colon cancer study, 
P. scabiosaefolia ethanol extract exhibited anti-tumor effect via regu
lating cell cycle related proteins (Cyclin D1 and CDK 4) (Gong et al., 
2021). P. heterophylla extract showed cytotoxicity and anti-proliferation 
in colon cancer cells (HCT116) (Yang et al., 2021). While clinically, 
Patriniae Herba is commonly used in the treatments of diseases in 
digestive system, genitourinary system, dermatology, as well as 
oncology (Gong et al., 2021). 

Patrinia villosa Juss., called “Bai-Hua-Bai-Jiang” in China, is one of 
the recorded species of Patriniae Herba which has once appeared in the 
Chinese Pharmacopoeia (1977 version). Previous study has shown that 
saponins isolated from P. villosa could inhibit cell invasion in colon 
cancer SW480 cells by regulating epithelial-mesenchymal transition 
(EMT) process (Xia et al., 2018). Besides, P. villosa ethanol extract also 
exhibited the therapeutic effect in azoxymethane (AOM)/dextran so
dium sulfate (DSS)-induced colon cancer mice (Li et al., 2023). In fact, 
the common practice of consuming P. villosa is using aqueous decoction. 
However, there is no study reported on the in vivo anti-tumor and 
anti-metastatic effects of P. villosa aqueous extract (PVW) in colon 
cancer. Thus, the present study aimed to investigate the anti-tumor and 
anti-metastatic effects of PVW in colon cancer, and its underlying 
mechanisms. The metastasis-related pathways, such as focal adhesion in 
colon cancer cells, as well as the gut microbiome changes in mice were 
also investigated. 

Materials and methods 

Reagents and chemicals 

Reference standards of gallic acid, protocatechuic acid, chlorogenic 
acid, and caffeic acid were purchased from National Institutes for Food 
and Drug Control (Beijing, China). Isochlorogenic acid A (> 98% purity) 
was obtained from Winherb (Shanghai, China). HPLC analyses were 
performed using acetonitrile (HPLC grade) purchased from Scharlau 
(Barcelona, Spain), methanol (HPLC grade) from Duksan (Ansan, South 
Korea), and ultrapure water (18.2 MΩ⋅cm at 25  ◦C) generated from a 

Millipore® Milli-Q® Academic® ultrapure water system (MA, United 
States). Formic acid (98 - 100%, AnalaR) was purchased from BDH 
(Dubai, UAE). 5-fluorouracil (5-FU, Merck, Darmstadt, Germany), a 
clinically used chemotherapeutic medicine in colon cancer, serves as a 
positive control drug in our in vitro experiments and the zebrafish model, 
in which the dosage was used according to our previous study (Yang 
et al., 2021). 5-FU and oxaliplatin (Sigma, MD, USA) were used as 
positive control drugs in the in vivo mouse experiments. 

Herbal materials and extract preparation 

Patrinia villosa was purchased from Zisun Pharmaceutical Company 
Limited (Guangzhou, China) and was morphologically authenticated by 
the botanist Dr. David Tai-Wai Lau, curator of Shiu-Ying Hu Herbarium 
at The Chinese University of Hong Kong. The voucher specimen (No. 
3664) was kept at the museum of the Institute of Chinese Medicine at 
The Chinese University of Hong Kong. Dried plant material was 
powdered by a pulverizer, and 400 g of the materials were soaked in 
distilled water (solid-to-liquid ratio of 1:10) for 1 h at room temperature, 
and then heated and refluxed at 100 ◦C for 1 h After cooling, the extract 
was filtered using filter paper. The same volume of distilled water was 
then added into the container and the extraction was repeated once. The 
supernatant collected was concentrated to around 300 ml by using a 
rotary evaporator (EYELA, Japan) and then lyophilized using a freeze 
dryer (Labconco, MA, USA). The yield of PVW was 12.3% (w/w). 

Chemical profiling of PVW using HPLC-DAD 

For HPLC analysis, PVW (50 mg) was mixed with 1 ml of MeOH: 
Milli-Q water (70:30; v/v), then ultrasonicated for 30 min at 25 ◦C, and 
finally centrifuged for 15 min at 14,000 rpm. Three microliters of the 
clear supernatant were injected into an Agilent 1100 series HPLC System 
equipped with a DAD detector (Agilent Technologies, Santa Clara, CA, 
USA). Chromatographic separations were carried out at 25 ◦C on a 
Grace™ Alltech™ Alltima™ C18 column (250 mm x 4.6 mm i.d., 5 µm 
particle size) using gradient elution at a flow rate of 0.8 ml/min. The LC 
system was as follows: mobile phase: (A) Milli-Q water with 0.1% formic 
acid, and (B) acetonitrile with 0.1% formic acid; gradient: 0 – 4 min, 2% 
B; 4 – 25 min, 2 – 15% B; 25 – 35 min, 15 – 30% B; 35 – 40 min, 30% B; 
40 – 48 min, 30 – 98% B; 48 – 55 min, 98% B. The column was re- 
equilibrated for 8 min after each injection. OpenLab CDS software 
(Agilent Technologies, Santa Clara, CA, USA) was used for instrument 
control, data acquisition, and data analysis. Spectra were recorded from 
190 to 400 nm. 

Cell culture 

Three colon cancer cell lines (HCT116, SW480, colon 26-luc) were 
used for testing the cytotoxic activities of PVW. The human colon 
HCT116, human colon SW480, and human fibroblast Hs27 cell lines 
were obtained from ATCC (VA, USA), and murine colon 26-luc cells 
were purchased from the Japanese Collection of Research Bioresources 
Cell Bank (Osaka, Japan). McCoy’s 5A medium, Dulbecco’s Modified 
Eagle’s medium (DMEM), and RPMI 1640 medium, fetal bovine serum 
(FBS) were purchased from Thermo Fisher Scientific (MA, USA). 
HCT116 cells were cultured in McCoy’s 5A medium. SW480 and Hs27 
cells were cultured in DMEM. Colon 26-luc cells were cultured in RPMI 
1640 medium. All culture media contain 10% (v/v) FBS and 1% (v/v) 
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penicillin/streptomycin (Invitrogen, MA, USA). All cells were incubated 
at 37 ◦C with 5% CO2. 

Cell cytotoxic and proliferative assays 

As previous described (Yang et al., 2022), 5 × 103 cells per well were 
seeded in 96-well microplates and incubated overnight. The cells were 
then treated with 100 μl PVW at various concentrations (0–1250 μg/ml) 
for indicated time points treatments. Then, 30 μl MTT solution (5 
mg/ml, Sigma, USA) was added to each well and incubated for an 
additional 4 h Subsequently, the purple MTT crystals were dissolved in 
dimethyl sulfoxide and the absorbance was measured at 540 nm using a 
microplate spectrophotometer (μQuant, biotek, MD, USA). The prolif
erative ability of colon cancer cells was determined using the bromo
deoxyuridine (BrdU, Roche, MA, USA) assay according to the 
manufacturer’s instructions. 

Scratch wound healing assay 

As previous described (Yang et al., 2022), 1 ml cells (5 × 104) cells 
were seeded overnight in a 24-well plate and then starved with 1% (v/v) 
FBS in the medium for another 24 h The cells were then allowed to heal. 
Cells were scraped and photographed under a microscope (Olympus 
IX-71, Japan) at 0 h The cell culture medium was replaced with fresh 
medium with or without PVW or 5-FU at indicated concentrations. After 
24 h incubation, the medium was discarded and the crosses were pho
tographed again. The percentage (%) of open wound area was calculated 
and analyzed using Tscratch software (CSELab, Zurich, Switzerland). 

Transwell migration assay 

As previous described (Yang et al., 2022), 100 μl cells (5 × 104) were 
added to the top layer of the transwell (Corning, MA, USA) with the 
same volume of FBS-free medium containing different concentrations of 
PVW or 5-FU. Medium (500 μl) with 10% (v/v) FBS was added to the 
bottom layer of the chamber. After 16 h incubation, the cells were fixed 
and stained. The cells on the top of the chamber were removed with a 
cotton bud, and the cells that remained attached to the bottom of the 
filter were photographed. An Olympus IX71S8F-2 inverted microscope 
(Olympus, Japan) with a digital camera was used for the photographs. 
The migrated cells were counted by Image J software (NIH, MD, USA). 

Real-time quantitative PCR (RT-PCR) analysis 

Total RNA from zebrafish embryos was extracted by Trizol reagent 
according to the manufacturer’s protocol (Invitrogen, USA). The primer 
sequences were synthesized by Invitrogen company and listed in Sup
plementary material Table S1. The mRNA levels of target genes were 
normalized with the mRNA level of the internal control primer (GAPDH) 
and then expressed using 2− ΔΔCt method. 

Western blot assay 

As previous described (Yang et al., 2022), samples were lysed using a 
lysis buffer (Beyotime, China). Protein concentration was quantified 
using a BCA kit (Thermo Scientific, USA). An equivalent amount of 
protein (25 – 50 μg) was loaded onto 10% sodium dodecyl-sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred 
to polyvinylidene fluoride (PVDF) membranes. Membranes were 
blocked with 5% non-fat milk for an hour. The blots were incubated with 
primary antibodies (1:1000, as shown in Supplementary material 
Table S2) and incubated secondary antibody (1:2000). Blots were then 
detected using the ECL kit (GE Healthcare Life Sciences, Sweden) and 
photographed using the ChemiDoc XRS+ Imaging System (Bio-Rad, MA, 
USA). The bands were analysed using Image J (NIH, USA). 

In vivo studies 

The transgenic zebrafish line Tg (fli1: EGFP)y1, in which the endo
thelial cells expressed enhanced green fluorescent proteins (GFP), was 
purchased from the Zebrafish International Resource Center, University 
of Oregon (USA). Mice used in experiments were provided by the Lab
oratory Animal Services Centre, The Chinese University of Hong Kong 
(CUHK). The animal experiments were approved by the Animal Exper
imentation Ethics Committee of The Chinese University of Hong Kong 
(Ref no. 18–231-MIS, 21–247-MIS, 21–287-MIS). 

Zebrafish models 

Zebrafish were housed at 28 ± 2 ◦C environment, and were kept on a 
10 h/14 h light/dark cycle except for the time (lights on at 09:00 am 
daily) to trigger spawning (Zhou et al., 2018). 

Healthy, limpid, and regular embryos at cell stages 1–4 were 
collected and transferred into a 6-well microplate, with 10 – 20 embryos 
per well. To investigate the anti-angiogenic effect of PVW, embryos were 
treated in 5 ml water with or without PVW (0.01, 0.05, and 0.1 mg/ml). 
All embryos were incubated in a 28.5 ◦C incubator. After 24 h treatment, 
the viability and gross morphological state of the embryos were exam
ined. At 72 h post-fertilization (hpf), the subintestinal vessels (SIV) were 
observed and recorded by an Olympus IX71S8F-2 inverted microscope 
(Olympus, Japan) with a digital camera system. 

Another zebrafish model was established for evaluating the anti- 
metastatic effect of PVW. Zebrafish embryos were injected with 
HCT116 cells (400 labeled with red fluorescent CM-Dil in 10 nl) into the 
yolk sac at 48 hpf using a nano microinjector. Then, the zebrafish em
bryos were treated in 10 ml water with or without PVW (0.01, 0.05, and 
0.1 mg/ml) for 5 days in 100 mm dishes. Five days post-injection (dpi), 
live embryos were imaged using an Olympus IX71S8F-2 inverted mi
croscope (Olympus, Japan). The number of disseminated cells in each 
embryo was determined, and the extent of dissemination in zebrafish 
embryos was reflected by the number of migrated cancer cells from the 
injection site to the tail of zebrafish embryos. 

Xenografts HCT116 tumor-bearing mouse model 

Male nude mice (6 – 8 weeks old) were injected with HCT116 cells 
(5  × 106 in 100 µl phosphate-buffered saline (PBS)) subcutaneously on 
the back. Ten days after cells inoculation, the tumors were palpable and 
the treatment was started. Mice were then randomized into control 
group and PVW treatment groups. The clinical dosage of P. villosa is 9 – 
15 g/person/day according to Chinese Pharmacopoeia and local stan
dards in China (Gong et al., 2021). The dosage of 0.4 g/kg, equivalent to 
the clinical dosage (15 g/person/day) of P. villosa, was used as the low 
dosage for mouse experiments in this study. Mice were given 200 µl of 
vehicle (n = 10) or PVW (0.4, 0.8, and 1.6 g/kg, n = 10 – 12) by oral 
gavage daily for 21 days. In positive drugs-treated group, chemothera
peutics (5-FU 50 mg/kg and oxaliplatin 6 mg/kg, n = 9) were admin
istered by intraperitoneal injection once a week for three weeks. Tumor 
size was measured twice a week. Tumor volumes were calculated using 
the formula [(length × width × depth)/2 mm3] (Yue et al., 2021). At the 
end of the experiment, mice were anesthetized and sacrificed by cervical 
dislocation. Whole blood was collected for plasma enzyme levels 
determination, including aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), creatine kinase (CK), as well as lactate dehy
drogenase (LDH), using assays kits from Stanbio Laboratory (TX, USA). 
The organs (tumors, livers and lungs) were collected for further analysis. 

Orthotopic colon 26-luc tumor-bearing mouse model 

Male Balb/c mice (6 – 8 weeks old) were injected with 2 × 104 colon 
26-luc cells per mouse into the posterior rectum. After 3 days, the mice 
were then randomly divided into five groups, including control, PVW 
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(0.4, 0.8, and 1.6 g/kg) treatment groups, or chemotherapeutics (50 mg/ 
kg 5-FU and 6 mg/kg oxaliplatin) as the positive control (n = 12 – 14 
mice). The control and PVW-treated groups were orally administered 
every day for 18 days, and the positive control group was administered 
intraperitoneally once a week for 3 weeks. The IVIS imaging was per
formed on days 1, 6, 9, 15, 18 to monitor the tumor growth during the 
period of treatment. At the end of the experiment, mice were subjected 
to IVIS imaging and then sacrificed under anesthesia, with lungs 
collected for IVIS imaging as the bioluminescence signal of the metas
tasized colon 26-luc cells in lungs could be detected. Besides, blood and 
the organs (tumors, livers, lungs, and spleens) were collected for further 
analysis. 

Flow cytometry and ELISA tests 

As previous described (Yang et al., 2022), cells isolated from the 
thymus, spleen, and tumors were blocked in PBS with 5% FBS for 1 h 
After blocking, the cells were stained with various staining antibodies, 
such as T cells (PE-CyTM 7 anti-mouse CD3e, PE anti-mouse CD4, and 
FITC anti-mouse CD8a from BD PharmingenTM, USA), myeloid-derived 
suppressor cells (MDSCs), PE anti-mouse CD11b and FITC anti-mouse 
Ly-6 G from BD PharmingenTM (MA, USA) in the dark for 30 min. 
Finally, cells were washed twice with blocking buffer and fixed with 4% 
paraformaldehyde (Sigma, MD, USA) before flow cytometry analysis 
(BD, Biosciences, MA, USA). 

Splenocytes were seeded in 24-well plates (2 × 106 cells per well) 
with or without phytohemagglutinin (PHA, 10 μg/ml, Sigma, USA) in
duction and incubated at 37 ◦C with 5% CO2 for 24 h, and the cell su
pernatant was then collected for enzyme-linked immunosorbent assay 
(ELISA) analysis. Mouse interleukin (IL)− 2, IL-6, IL-12, interferon-γ 
(IFN-γ), and tumor necrosis factor (TNF)-α were measured using ELISA 
kits (BD Biosciences, MA, USA). 

16S rRNA sequencing extraction and analysis of fecal samples 

Fecal samples were collected from each group of orthotopic colon 26- 
luc tumor-bearing mice. Microbial DNA of fecal samples was isolated by 
using QIAamp Fast DNA stool Mini kit (QIAGEN, Valencia, CA, USA). 
The hypervariable regions of prokaryotic 16S rDNA (V3, V4 and V5) 
were used to generate amplicons with the primer pairs (5′- 
CCTAYGGGRBGCASCAG-3′) and (5′-GGACTACNNGGGTATCTAAT-3′). 
The purified amplicons were sequenced with a illumine MiSeq instru
ment (Illumina, San Diego, CA, USA). Microbiome bioinformatics was 
performed with QIIME2 2020.2. Taxonomy was assigned to amplicon 
sequence variants (ASVs) using a pre-trained Naïve Bayes classifier using 
q2-feature-classifier against the SILVA 132 99% operational taxonomic 
units (OTUs) from the tested primers sequence dataset. 

Immunohistochemistry (IHC) and hematoxylin & eosin (H&E) stain 

Tumor areas in the H&E sections of livers and lungs were used for 
evaluating the extent of metastasis. Ki-67 and CD31 primary antibody 
(Cell signaling technology, MA, USA) and anti-mouse IgG recombinant 
secondary antibody (Invitrogen, MA, USA) were used for IHC staining in 
HCT116 tumor-bearing mice. Tumor burden was calculated from the 
slides of the lungs and livers and expressed as an average percentage of 
tumor area to lung or liver area in each group using Image J software 
(NIH, MD, USA). The numbers of positive-stained cells in Ki-67 or CD31 
stained slides were determined in a blinded manner by two researchers 
using Image J software. 

Statistical analysis 

All in vitro experiments were expressed as mean ± S.D.; all in vivo 
experiments were expressed as mean ± S.E.M. Quantitative results were 
analyzed by one-way ANOVA analysis. Values of p < 0.05 were 

considered statistically significant. All statistical analyses were evalu
ated using Prism 5 software (Graphpad, CA, USA). 

Results 

Quantification of chemical markers in PVW using HPLC analysis 

The validation study of HPLC method for the quantification of the 
five chemical compounds in PVW has attached in the supplementary 
materials (Figs. S1, S2, and Tables S3, S4). Five chemical compounds, 
namely gallic acid, protocatechuic acid, chlorogenic acid, caffeic acid, 
and isochlorogenic acid A, were identified and quantified in the PVW 
sample. The contents of gallic acid, protocatechuic acid, chlorogenic 
acid, caffeic acid, and isochlorogenic acid A were 0.647 ± 0.01, 2.206 
± 0.04, 8.444 ± 0.12, 0.878 ± 0.01, and 1.332 ± 0.01 mg/g of PVW, 
respectively. The retention times, instrumental limits of detection (LOD) 
and limits of quantification (LOQ), and the content of the five chemical 
compounds are summarized in Table 1. The 3D UV spectra for the HPLC 
profile of the PVW sample is shown in Fig. 1A. 

Effects of PVW on cytotoxicity and cell proliferation in colon cancer cells 

As shown in Fig. 2A, PVW exhibited cytotoxic effects, with IC50 
values at 377.3 ± 18.5 µg/ml in HCT116 cells and 324.1 ± 12.5 μg/ml 
in colon 26-luc cells for 48 h treatment. The IC50 value of PVW in normal 
cells (Hs27) for 48 h treatment is greater than 1250 µg/ml, suggesting its 
selectivity cytotoxicity towards tumor cells. Using BrdU assay, results 
showed that cell proliferation was significantly suppressed at 156.25 µg/ 
ml or 312.5 µg/ml of PVW for 48 h treatments in HCT116 and colon 26- 
luc cells, respectively (Fig. 2B). 

Effects of PVW on cell motility and migration in colon cancer cells 

The inhibitory effects of PVW on cell motility and migration of 
HCT116 cells and colon 26-luc cells were assessed by scratch wound 
healing and transwell assays, respectively. As shown in Fig. 2C, PVW at 
380 µg/ml in HCT116 cells and 81.25 – 325 µg/ml in colon 26-luc cells 
could significantly decrease the ability of cell motility. Additionally, the 
cell migration of both HCT116 and colon 26-luc cells was also signifi
cantly reduced after PVW treatment (Fig. 2D). Besides, the cell motility 
and migration were also significantly suppressed by 5-FU. 

Effects of PVW on cancer-related proteins in colon cancer cells 

Western blot results showed that the protein expression of trans
forming growth factor (TGF)-β R1, smad 2/3, snail, FAK, RhoA, and 
cofilin were all decreased after PVW treatment, whereas the expression 

Table 1 
The retention times, instrumental LOD and LOQ, and the content of the five 
chemical markers in the water extract of Patrinia villosa.  

Chemical name Retention 
time (min) 

LOD 
(mg/ 
l) 

LOQ 
(mg/ 
l) 

Injection 
concentrationa 

(± S.D.) (mg/l) 
(n = 3) 

Content 
(mg/g) 
(± S.D.) 
(n = 3) 

Gallic acid 16.23 1.13 3.43 32.15 ± 0.51 0.647 ±
0.01 

Protocatechuic 
acid 

23.77 1.30 3.94 109.65 ± 1.85 2.206 ±
0.04 

Chlorogenic 
acid 

30.99 2.09 6.33 419.65 ± 5.85 8.444 ±
0.12 

Caffeic acid 34.01 1.10 3.33 43.69 ± 0.63 0.878 ±
0.01 

Isochlorogenic 
acid A 

40.17 1.37 4.16 66.18 ± 0.27 1.332 ±
0.01  

a : The concentration of the chemical compounds in the injection solvent for 
HPLC analysis after extraction from PVW. 
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of E-cadherin was increased in a dose- and time-dependent manner in 
both HCT116 (Fig. 3A & C) and colon 26-luc cells (Fig. 3B & D). 

Anti-angiogenesis and anti-metastasis effects of PVW in zebrafish embryos 

As shown in Fig. 4A, PVW (0.01 - 0.1 mg/ml) significantly decreased 
the length of SIVs of zebrafish embryos in dose-dependent manners. 
Meanwhile, PVW (0.1 mg/ml) significantly decreased the expressions of 
angiogenesis-related genes, including FLT1, FLT4, KDRL, VEGFaa, 
VEGFc, and Tie1, as compared with the control group (Fig. 4B). On 
another zebrafish experiment, massive numbers of HCT116 cells 
migrated towards the tail part of the zebrafish embryos in the control 
group after 5 dpi, but the numbers of migrated HCT116 cells were fewer 
in the PVW-treated (0.05 - 0.1 mg/ml) groups, suggesting that PVW 
exhibited anti-metastatic effect in zebrafish embryos (Fig. 4C). 

Effects of PVW on tumor growth in HCT116 xenograft-bearing mice 

As shown in Fig. 5A, there were no significant changes in the body 
weight of PVW-treated mice, but a significant reduction in body weight 
in the chemotherapeutics-treated mice. The tumor size and weight of 
mice were decreased after PVW (1.6 g/kg) or chemotherapeutics treat
ments (Fig. 5B). The protein expressions of TGF-β R1, FAK, smad2/3, 
and snail in the tumor tissues were decreased after PVW (1.6 g/kg) 
treatment (Fig. 5C). Also, there were significant decreases of Ki-67 (a 
proliferation-related marker)- or CD31 (an angiogenesis-related 
marker)-stained cells in tumor sections of PVW (1.6 g/kg)-treated 
mice (Fig. 5D & E). PVW-treated groups did not exhibit statistically 
significant effects on enzyme levels (AST, ALT, CK, LDH) in plasma, 
suggesting no obvious liver and heart toxicities in mice (Fig. 5F). 

Effects of PVW on tumor metastasis and tumor microenvironment in colon 
26-luc tumor-bearing mice 

As shown in Fig. 6A, the body weight of all groups, except the 
chemotherapeutics-treated group, did not show any significant changes 
during the treatment period. The IVIS imaging results showed that PVW 
(1.6 g/kg) or chemotherapeutics-treated groups exhibited inhibitory 
effects on tumor growth (Fig. 6B). The areas of metastases in the lungs 
were significantly reduced after PVW (1.6 g/kg) treatment as compared 
to the control group, demonstrated by IVIS imaging (Fig. 6C) and H&E 
stain (Fig. 6D). However, liver metastasis was not detected in this 
experiment. Similarly, PVW-treated groups did not exhibit significant 
effects on enzyme levels (AST, ALT, CK, LDH) in plasma, suggesting no 
obvious liver and heart toxicities in mice (Fig. 6E). 

The regulatory effects of PVW on immune cells and cytokines were 
assessed in this study. Results showed that the populations of helper T 
(CD3+CD4+) and cytotoxic T lymphocytes (CD3+CD8+) were increased 
in spleen and thymus tissues after PVW (1.6 g/kg) treatment (Fig. 7A). 
Meanwhile, the immunosuppressive cells MDSCs in spleen and tumor 
were reduced after PVW (1.6 g/kg) and chemotherapeutics treatments 
(Fig. 7A). Similarly, the populations of cytotoxic T cells in spleen and 
thymus were also increased after chemotherapeutics treatment. As for 
cancer-related cytokines, the levels of IL-2, IL-12 and IFN-γ were 
significantly increased in the high dosage of PVW (1.6 g/kg) treated 
group, but no significant changes in the levels of IL-6 and TNF-α 
(Fig. 7B). 

Effect of PVW on the gut microbiome in colon 26-luc tumor-bearing mice 

In this study, we characterized the gut microbiome in a cohort of 
Balb/c mice in control (C), low (L), and high (H) dosages of PVW and the 
chemotherapeutics-treated (P) groups (n = 6 in each group) via 16S 
rRNA gene sequencing. As a result, a total of 24 samples were sequenced 
and analyzed in this study. The rarefaction curves of all groups reached 

Fig. 1. (A) 3D UV spectra (190 - 400 nm) for the HPLC profile of PVW; (B) HPLC profile (254 nm) of PVW with 0.15 mg of the sample loaded onto the column. Keys: 
(1) gallic acid, (2) protocatechuic acid, (3) chlorogenic acid, (4) caffeic acid, and (5) isochlorogenic acid A. 
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plateaus at over 45,000 reads per sample, showing that the sequencing 
depth was high enough to capture the full diversity of the microbiome 
(Fig. 8A). Compared to the α-diversity of the gut microbiota in the 
control (C) group, the Shannon index showed an increase trend on the 
α-diversity of the gut microbiota in the PVW-treated (L and H) groups, 
except the α-diversity of the gut microbiota in the positive control (P) 
group with a slight reduction tendency (Fig. 8A). Principal coordinate 
analysis (PCoA) and non-metric multi-dimensional scaling analysis 
(NMDS) of all samples demonstrated clear separation among each group 
in terms of gut microbiota composition (Fig. 8B). Firmicutes, Bacter
oidota, and Proteobacteria were the three most abundant phyla in the 
Balb/c mice in the present study (Fig. 8C), comprising of 56.11 ±
10.55%, 24.76 ± 12.04%, and 14.41 ± 8.83%, respectively, in the 
control (C) group. After PVW treatment, the relative abundances of 
Firmicutes, Bacteroidota, and Proteobacteria were changed to 63.04 ±
8.18%, 26.72 ± 5.62%, and 2.02 ± 1.05%, respectively, in the low dose 
of PVW (L) group and 67.16 ± 8.82%, 28.07 ± 8.60%, and 0.81 ±
0.40%, respectively, in the high dose of PVW (H) group. After the che
motherapeutics (P) treatment, the relative abundances of Firmicutes, 
Bacteroidota, and Proteobacteria changed to 40.39 ± 12.92%, 43.03 ±
13.27%, and 9.02 ± 7.49%, respectively. The relative abundances of the 
top 35 most abundant genera in all samples were shown in a heatmap 
(Fig. 8D). The relative abundances of the genera ASF356, Escherichia- 
Shigella, Lactobacillus, Streptococcus, and Muribacter were higher in 
control (C) group than those in PVW-treated (L and H) groups and the 
chemotherapeutics-treated (P) group. The relative abundance of four 

colon cancer related bacteria genera (Bacteroides, Streptococcus, Entero
coccus, and Escherichia) were shown to be reduced in PVW and chemo 
treatment groups, though without statistical significance (Fig. 8E). 

Discussion 

Medicinal plants have been used for centuries as a source of medi
cine. In recent years, there is an escalating interest in the scientific 
research on the potential use of plants for treating colon cancer, such as 
Scutellaria barbata (Yue et al., 2021), turmeric (Chen et al., 2019), and 
Astragalus membranaceus (Chen et al., 2019). Patrinia villosa is commonly 
prescribed by Chinese medicine practitioners for treating colon cancer. 
However, the anti-tumor and anti-metastatic effects of PVW in colon 
cancer, as well as its underlying mechanisms of action have not yet been 
investigated. 

This study reported on the cytotoxicity of PVW, as well as its 
inhibitory effects on cell proliferation, motility, and migration in colon 
cancer cells. To further investigate the underlying mechanisms of PVW 
in colon cancer, our previous study employed network pharmacology as 
a tool and has identified the two significantly enriched pathways, focal 
adhesion pathway and erythroblastic leukemia viral oncogene homo
logue (ERBB) pathway, in Kyoto Encyclopedia of Genes and Genomes 
(KEGG) (Yang et al., 2021). Within the focal adhesion pathway, focal 
adhesion kinase (FAK) was found to be a crucial upstream regulator, 
while RhoA and cofilin were identified as major downstream proteins 
(Zhao and Guan, 2011). Additionally, the process of 

Fig. 2. Effects of PVW on cytotoxicity and cell proliferation, cell motility and migration in colon cancer cells. (A) Cytotoxicity of PVW on different colon cancer cells 
(HCT116, SW480, colon 26-luc) and normal fibroblast (Hs27) cells; (B) Cell proliferation was tested by BrdU assay in both HCT116 and colon 26-luc cells treated with 
PVW for indicated times and doses; (C) Scratch wound assay on HCT116 and colon 26-luc cells after PVW treatment for 24 h The bar chart was constructed based on 
the difference of the open area% between 0–24 h; (D) Transwell migration assay on both HCT116 and colon 26-luc cells upon PVW treatment for 16 h The number of 
migrated cells was counted. The bar chart was drawn based on the number of migrated cells. 5-fluorouracil (5-FU) as positive control drug. All data were expressed as 
mean ± S.D., n ≥ 3, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. control. 
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epithelial-mesenchymal transition (EMT) is known to be involved in 
cancer invasion and metastasis, and is regulated by various transcription 
factors, including snail (Dongre and Weinberg, 2019). E-cadherin is a 
key marker in EMT and is considered a potent tumor suppressor due to 
its ability to prevent metastatic dissemination and activate several EMT 
transcription factors (Loh et al., 2019). The EMT process can be acti
vated by various intrinsic signaling pathways in cancer cells, including 
Wnt, PI3K/Akt, and TGF-β/Smad pathways. Among these pathways, the 
TGF-β/Smad pathway is an important EMT regulator pathway in colon 
cancer, which not only promotes tumor progression but also activates 
downstream proteins, such as snail (Pretzsch et al., 2019). Therefore, 
this study evaluated the protein expressions of FAK, RhoA, cofilin, TGFβ 
receptor 1 (TGFβ R1), smad2/3, snail, and E-cadherin in colon cancer 
cells. Our findings shed light on the potential mechanisms of PVW in 
inhibiting tumor growth and cancer metastasis, and highlighted the 
significance of the focal adhesion and EMT process in this context. 

Zebrafish has been widely used as a robust model in cancer research 
due to its transparent embryos and larvae, which allows for the visual
ization of tumor cell growth and dynamics during early stages of cancer 
development (Hason and Bartunek, 2019). In this study, two zebrafish 
models were employed to investigate the anti-cancer effects of PVW. The 
first model was utilized to evaluate the anti-angiogenic activity of PVW 
since angiogenesis is a crucial process in cancer metastasis, facilitating 
the dissemination of tumor cells to other parts of the body (Zetter, 
1998). Our laboratory has established a reliable protocol for screening 
the anti-angiogenic properties of natural compounds and medicinal 
herbs using zebrafish embryos (Yue et al., 2013). Furthermore, the 
angiogenic-related molecular mechanisms should be further investi
gated, including vascular endothelial growth factor (VEGF) pathway. 
VEGF is a key mediator of angiogenesis in cancer (Shibuya, 2011). 
Therefore, we assessed the mRNA expressions of VEGF-related genes, 
including FLT1, FLT4, KDRL, VEGFaa, VEGFc, and Tie1. The second 

Fig. 3. Effects of PVW on cell growth- or motility-related proteins in colon cancer cells. (A) and (B) representative blots showed the effects of PVW at the indicated 
doses for 24 h and 48 h on the protein expression of TGF-β R1, smad2/3, snail, and E-cadherin in colon cancer cells; (C) and (D) representative blots exhibited the 
effects of PVW at the indicated doses for two-time points (24 h and 48 h) on the protein expression of FAK, RhoA, and cofilin in colon cancer cells. All data were 
expressed as mean ± S.D., n ≥ 3, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. control. 
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Fig. 4. Effect of PVW in zebrafish embryos. (A) The anti-angiogenesis effect of PVW in zebrafish embryos (n > 30); Red arrow showed the changes of the sub
intestinal vessel (SIV) in zebrafish embryos; (B) Effect of PVW on mRNA expressions of angiogenesis-related genes in zebrafish embryos (n > 30); (C) The anti- 
metastatic effect of PVW in zebrafish embryos (n > 30 in each group), with red arrows indicating the migrated colon cancer cells. All data were expressed as 
mean ± S.E.M, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. control. 
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