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Introduction

Hepatocellular carcinoma (HCC) is a primary liver 
cancer caused by mutations in liver cells [1]. It is the 
fifth most common cancer and the third leading cause of 
cancer-related deaths worldwide. HCC is among the most 
metastatic cancers, contributing significantly to its high 
mortality rate. Metastasis is a multistep process involving 
the spread of cancer cells from the primary tumor to 
distant organs. During this process, various proteolytic 
enzymes degrade the extracellular matrix (ECM) and 
basement membrane [2], creating space for cancer cells to 
migrate. To detach from the primary tumor. Next, cancer 
cells lose cell–cell adhesion often through the secretion 
of protease enzymes. E-cadherin is a key molecule 
involved in cell–cell adhesion in epithelial tissues. As 
a member of the cadherin family– calcium-dependent 
intercellular adhesion glycoproteins–E-cadherin is widely 
expressed and facilitates homotypic cell binding. Classical 
cadherins, including E-cadherin and N-cadherin, also 
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play a crucial role in linking to the cytoskeleton [3]. The 
loss of E-cadherin is strongly associated with cancer 
progression, particularly in altering cell morphology 
during tumor metastasis. In addition, decreased expression 
of E-cadherin at the cell membrane is associated with 
increased cancer cell invasion and metastasis, whereas 
upregulation of E-cadherin expression has been shown 
to inhibit these invasive and metastatic behaviors [3, 4]. 
Therefore, E-cadherin is considered a tumor suppressor, 
and its loss is closely linked to cancer progression [5]. 
Matrix metalloproteinases (MMPs) are zinc-dependent 
endopeptidases involved in the degradation of the 
basement membrane and ECM, playing a critical role 
in cancer cell invasion, migration, and metastasis. In 
particular, MMP-2 and MMP-9 contribute significantly 
to cancer progression through their ability to degrade 
type IV collagen, a major structural component of the 
basement membrane [6-8]. Elevated expression of MMP-2 
and MMP-9 has been reported in nearly all human tumors 
and is associated with advanced tumor stages and poor 
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prognosis [9, 10]. The Siamese crocodile (Crocodylus 
siamensis) is recognized as a valuable medicinal animal. 
In regions such as China, Hong Kong, and Taiwan, 
crocodile blood and meat have traditionally been believed 
to enhance the immune response. Crocodile blood is 
considered a particularly valuable source of biologically 
active proteins, amino acids, and short peptides [11]. 
Previous studies have reported that proteins and peptides 
in crocodile blood constitute a rich and promising source 
of bioactive compounds derived from natural products. It 
has received growing attention for its potential application 
in promoting human health [12]. Crocodile blood contains 
several bioactive components, including serum, plasma, 
white blood cells, and hemoglobin, which exhibit diverse 
biological activities such as antibacterial, anticancer, 
anti-inflammatory, antioxidant, and wound healing effects 
[13-15]. Research shown the components of crocodile 
blood can inhibit the proliferation of various cancer cells 
types, including human cervical cancer cells (HeLa), 
human lung cancer [15, 16], human colon cancer cells 
(Caco-2) [17, 18], human prostate cancer cells (LNCaP 
and PC-3), human breast cancer cells (MCF-7) [18], and 
hepatocellular carcinoma cells (HepG2) [19]. However, 
the underlying mechanism by which crocodile blood 
inhibits HepG2 cells remains unclear. In this study, we 
investigated the effect of crocodile blood powder (CP) on 
HepG2 cell invasion and metastasis. This is the first report 
demonstrating that CP exhibits anti-metastatic activity in 
HepG2 cells. Mechanistically, the bioactivity of CP may 
be linked to increased E-cadherin expression, which in 
turn suppresses MMP-2 and MMP-9 expression, leading 
to the inhibition of metastasis in HCC.

Materials and Methods

Chemicals and reagents
CP was obtained from private farms in Kanchanaburi 

province, Thailand. Reagents for cell culture were 
purchased from Invitrogen-Gibco (Grand Island, NY, 
USA). Transwell chambers were acquired from Corning 
Costar Corporation. Primary antibodies against caspase-3, 
E-cadherin, MMP-2, MMP-9, and Ki67 were sourced 
from Santa Cruz Biotechnology, CA, USA, while 
β-actin was purchased from Cell Signaling Technology. 
Secondary antibodies were obtained from Abcam and 
ThermoFisher Scientific. Lysis buffer, dithiothreitol 
(DTT), and iodoacetamide (IAA) were supplied by Sigma 
Chemical, Inc.

Proteomic analysis          
CP was lysed in buffer (8 M urea, 50 mM Tris-HCl, 

150 mM NaCl, and protease inhibitors), centrifuged, 
and the supernatant collected. Protein concentration 
was determined using the BCA Protein Assay Kit 
(ThermoFisher Scientific). Proteins were reduced with 
10 mM DTT at 37°C for 1 h, alkylated with 20 mM 
IAA at room temperature for 30 minutes, and digested 
overnight at 37°C with trypsin/P (1:50, w/w). Peptides 
and desalted using C18 StageTips. Peptides were 
analyzed using an Orbitrap-based mass spectrometer 
coupled with UPLC. Separation was carried out on a C18 

column using a 90-minute gradient. The MS operated in 
data-dependent acquisition mode with a resolution of 
120,000 for MS1 and 30,000 for MS2. Fragmentation was 
performed using CID at 35% energy. Raw MS/MS data 
were processed with Mascot (Matrix Science) against a 
crocodile protein database using the following parameters: 
enzyme, Trypsin/P, fixed modification, carbamidomethyl 
(C), variable modification, oxidation (M), Mass values: 
monoisotopic protein mass; peptide mass tolerance, ±1.6 
Da; fragment mass tolerance, ±0.8 Da; maximum missed 
cleavages, 2; Instrument type default. A total of 18,225 
queries were submitted, and proteins were identified with 
Mascot Ion Scores (p < 0.05). Peptide spectrum matches 
were manually validated. Data analysis was performed 
using Scaffold and Perseus for functional annotation. 

Cell culture
Human hepatocellular carcinoma cell lines (HepG2) 

were obtained from the Monitoring and Surveillance 
Center for Zoonotic Diseases in Wildlife and Exotic 
Animals, Faculty of Veterinary Science, Mahidol 
University, Thailand. HepG2 cells were cultured in 
DMEM supplemented with 10% fetal bovine serum, 
penicillin (100 IU/mL), and streptomycin (100 µg/mL). 
The cells were maintained in a humidified incubator at 
37°C with 5% CO₂

Migration assay
The migratory ability of HepG2 cells was assessed 

using a wound-healing assay. Briefly, cells were seeded 
in 6-well plates at a density of 5×105 cells/well and 
incubated overnight at 37°C. The culture medium was 
aspirated, and a scratch was made using a 200 µL pipette 
tip. Floating cells and debris were removed by washing 
with PBS. The adherent cells were then treated with 
various concentrations of CP (100–1,600 µg/mL). Wound 
closure was photographed at 0, 24, and 48 h using a 
phase-contrast microscope at 40x magnification (Nikon 
Instruments Inc.). The wound area percentage was also 
evaluated. Migration data are expressed as mean ± SD, 
and independent triplicate measurements were carried out 
for all samples (n = 3). 

Cell invasion assay
Cell invasion was assessed using a transwell invasion 

assay with modified two chambers inserts containing 8-µm 
pore-size membranes. The upper surfaces of the insert 
membranes were coated with Matrigel (Corning, NY, 
USA) diluted in serum-free medium. Then, 5 × 104 HepG2 
cells were seeded into the upper chambers in serum-free 
medium, and CP at concentrations of 100–1,600 µg/mL 
was added and mixed gently. Complete medium containing 
serum was added to the lower chambers to serve as a 
chemoattractant. The plates were incubated in a humidified 
5% CO₂ atmosphere at 37°C for 48 h. After incubation, 
the chambers were washed three times with PBS, fixed 
in ice-cold methanol for 15 min, and stained with crystal 
violet for 15 min. Non invading cells remaining on the 
upper surface of the membrane were gently removed 
with a cotton swab. Cells that had migrated to the lower 
surface through the Matrigel-coated membrane were 
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analyzed using Compass Simple Western software version 
5.0.1 (Build 0911, Protein Sample), which automatically 
calculated chemiluminescence intensity. The relative 
densitometric analysis following CP treatment. Data for 
positive cells and protein density are expressed as mean ± 
SD, and all measurements were performed independently 
in triplicate for each sample (n = 3).

Statistical analysis 
All data are presented as mean ± SD from three 

independent experiments. Statistical analyses were 
performed using the GraphPad Prism program version 
8.0.1 (244). One-way analysis of variance followed by 
Sidak’s post hoc test was used to compare differences 
between treatment and control groups. A p-value ˂ 0.05 
was considered statistically significant.

Results

Protein analysis of CP
The analysis of proteins could be classified into seven 

major functional categories (Table 2).
(1) Transport and carrier proteins (2) Structural and 

cytoskeletal proteins 
(3)  Enzymes and catalytic proteins (4) Histones and 

DNA-associated proteins 
(5) Cell signaling and regulatory proteins (6) Immune 

and stress response proteins (7) Other functional proteins. 

CP inhibits HepG2 cell proliferation and induces 
apoptosis

Cell proliferation and apoptosis were assessed 
using Ki67 and caspase-3 as markers, respectively. 
Immunofluorescence staining for Ki67 revealed stronger 
nuclear localization in the control group compared to the 
CP-treated groups (Figure 1A). Treatment with CP at 
concentrations of 100–1,600 µg/mL significantly reduced 
the percentage of Ki67-positive cells relative to the control 
group (Figure 1B), a dose-dependent manner. Similarly, 
immunofluorescence staining for caspase-3 demonstrated 
increased cytoplasmic localization in CP-treated cells 
compared to untreated controls (Figure 2A). CP treatment 
at 100–1,600 µg/mL significantly elevated the percentage 
of caspase-3-positive cells in a dose-dependent manner 
(Figure 2B). These findings suggest that CP induces 
apoptosis in HepG2 cells, with the apoptotic rate 
increasing proportionally with CP concentration.

photographed and counted under a light microscope at 
200x magnification (Nikon Instrument Inc.). The number 
of invading cells was quantified by counting cells in five 
random fields per insert. The invasion data are expressed 
as mean ± SD from five independent experiments (n = 5).

Immunofluorescence analysis
HepG2 cells (1 × 105 cells/well) were seeded onto 

coverslips placed in 6-well plates and treated with various 
concentrations of CP (100–1,600 µg/mL). After treatment, 
the medium was removed, and the cells were washed with 
PBS. Cells were then fixed with 4% paraformaldehyde 
in cold PBS at 37ºC for 15 min. Permeabilization 
was performed using 0.25% Triton-X 100 for 10 min, 
followed by blocking with 2% bovine serum albumin 
for 1 h. The cells were incubated overnight at 4°C with 
specific primary antibodies, followed by incubation 
with secondary antibodies. Details of the primary and 
secondary antibodies are provided in Table 1. The 
coverslips were mounted on glass slides using antifade 
mounting medium with DAPI (Vectashield, Vector 
Laboratories, Burlingame, CA, USA) and visualized 
under a fluorescence microscope at 400x magnification 
(Nikon, NIS Elements). The percentage of positive cells 
was measured in comparison with the control group. 
Data are presented as mean ± SD, and every sample was 
independently analyzed in triplicate. (n=3).

Western blot analysis 
For Western blot analysis, HepG2 cells were seeded 

in 6-well plates at a density of 2 × 106 cells/well and 
treated with different concentrations of CP (100–1,600 
µg/mL). After treatment, whole-cell lysates were prepared 
using ice-cold RIPA lysis buffer (Sigma-Aldrich, USA) 
according to the manufacturer’s instructions. Protein 
concentrations were quantified using the BCA assay 
kit (Thermo Fisher Scientific). Western blotting was 
performed using the JessTM Simple Western System, 
an automated capillary-based size separation technique 
(ProteinSimple, San Jose, CA, USA) [20]. Target proteins 
were separated and quantified using 12–230 kDa Jess 
separation modules (SM-W004 ProteinSample), following 
the manufacturer’s instructions. Primary and secondary 
antibodies used are listed in Table 1. Chemiluminescent 
detection was carried out using peroxide/luminol-S 
(ProteinSample). The chemiluminescent signal of the 
separated proteins in the capillary was acquired and 

Antibodies Dilution Companies Catalog number
Ki67 1/100 Santa cruz sc-15402
Caspase-3 1/100 Santa cruz sc-7148
E-cadherin 1/100 Santa cruz  sc-8426
MMP-2 1/100 Santa cruz sc-13594
MMP-9 1/100 Santa cruz sc-13520
Donkey anti rabbit IgG 1/1,000 Thermo Fisher scientific A-21206
Donkey anti mouse IgG 1/1,000 Abcam Ab150105
β-actin 1/500 Cell signaling 4970s

Table 1. List of Antibodies Used for Immunofluorescence and Western Blotting
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Figure 1. Immunofluorescence of Ki67. (A) Ki67 staining indicates cellular proliferation; which showed nuclear 
localization staining (white arrow) was observed more prominently in the control group compared to the CP treatment 
group. (B) The percentage of Ki67-positive cells was measured in comparison with the control group. Data are 
presented as mean ± SD, and every sample was independently analyzed in triplicate. (n=3). ** indicates statistical 
significance at p < 0.01 compared to the control group. 

Figure 2. Immunofluorescence of Caspase-3 and DAPI. Caspase-3 (green color) for the detection of cytoplasmic 
localization and DAPI (blue color) for the detection of nuclei. (A) Caspase-3 staining reflects apoptosis; cytoplasmic 
localization of Caspase-3 (white arrow) was greater in the CP treatment group than in the control group. (B) The 
percentage of Caspase-3 positive cells was measured in comparison with the control group. Data are expressed as 
mean ± SD, and every sample was independently analyzed in triplicate. (n=3). *** indicates statistical significance at 
p ˂ 0.001 compared to the control group. 
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Protein Family Proteins Identified Biological Function
Transport and Carrier 
Proteins

Albumin domain-containing protein, Apolipoprotein A1, 
A-IV, C-III, Hemopexin, Transferrin (Fragment), 
Ovotransferrin, Ceruloplasmin, Solute carrier family 4 
member 11

Transport and storage 
of molecules

Structural and Cytoskeletal 
Proteins

Actin family (Actin beta, Actin gamma 1, Actin alpha 2, 
smooth muscle, Actin aortic smooth muscle-like, etc.), 
Vimentin, Integrin subunit alpha V, Collagen type X alpha 
1 chain, Tight junction protein 1, Xin actin binding repeat 
containing 2, Gelsolin, Microtubule associated protein 1B

Cell structure and 
mobility

Enzymes and Catalytic 
Proteins

Carbonic anhydrase, Lysyl oxidase homolog, Malic enzyme,
Pantetheinase-like, Rho GTPase-activating protein 7

Metabolic and 
catalytic processes

Histones and DNA-a
ssociated Proteins

Histone H2A, H2B, H3, H3.7 histone (putative), 
H2A/H2B/H3 domain-containing protein, Condensin-2 complex 
subunit H2, Nucleoporin 153, Short stature homeobox 2

DNA packaging and 
gene regulation

Cell Signaling and 
Regulatory Proteins

RING-type E3 ubiquitin transferase, PHD and ring finger  
domains 1, Zinc finger MYND-type containing 11, Protein cereblon, 
Piezo-type mechanosensitive ion channel component,
SRP receptor subunit alpha

Cell signaling and 
protein regulation

Immune and Stress 
Response Proteins

10 kDa heat shock protein, mitochondrial, 60 kDa heat shock protein,
mitochondrial, Myeloid protein 1-like, Putative complement component 
C3 (Fragment), von Willebrand factor A domain containing 3A

Cellular stress 
response and 
immunity

Other Functional Proteins 26S proteasome non-ATPase regulatory subunit 6, STIL centriolar 
assembly protein, Early endosome antigen 1, Shroom family member 1, 
Leucine rich repeat containing 2, Cochlin,Cell division cycle 23, 
Beta-microseminoprotein-like, Uncharacterized protein

Various cellular 
functions

Table 2. Summary of Protein Expression Analysis in Crocodile Blood Powder (CP) 

Figure 3. The Effect of CP on the Migration and Invasion of HepG2 Cells was assessed Using Wound- Healing and 
Transwell Invasion Assays. (A) Cell migration was observed under phase contrast microscopy. (B) The percentage 
of cell migration quantified relative to untreated control cells. (C) Cell invasion was visualized using crystal violet 
staining. (D) The number of invaded HepG2 cells per field was evaluated. Migration data are expressed as mean ± 
SD, and independent triplicate measurements were carried out for all samples (n = 3), and invasion data are expressed 
as mean ± SD from five independent experiments (n = 5). * indicates statistical significance at p < 0.05 compared to 
the control group.

Effect of CP on HepG2 cell migration and invasion 
HepG2 cells were treated with various concentrations 

of CP (100–1,600 µg/mL) for 24 and 48 h. The inhibition 
of cell migration is illustrated in Figure 3A. In the 
untreated control group, cells along the edges of the 

scratch migrated into the wound area and nearly closed 
the gap within 48 h. In contrast, CP-treated cells showed 
a reduced migration rate, and the scratch area remained 
incompletely filled. Quantitative analysis revealed that 
CP at concentrations of 200–1,600 µg/mL significantly 
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Figure 4. Effect of CP on E-cadherin Protein Expression in HepG2 Cells. (A) Immunofluorescence staining of 
E-cadherin and DAPI. E-cadherin (green color) for the detection of membrane localization and DAPI (blue color) for 
the detection of nuclei. Immunofluorescence staining for E-cadherin showed increased membrane localization (white 
arrow) in the treatment group compared to the control. (B) The percentage of E-cadherin-positive cells was quantified 
relative to untreated control cells. (C) Western blot analysis of E-cadherin expression. (D) Relative densitometric 
analysis of E-cadherin following CP treatment. Data for E-cadherin-positive cells and protein density are expressed 
as mean ± SD, and all measurements were performed independently in triplicate for each sample (n = 3).  ** and *** 
indicates statistical significance at p < 0.01 and p < 0.001, respectively, compared to the control group.

Figure 5. Effect of CP on MMP-2 protein Expression in HepG2 Cells. (A) Immunofluorescence staining of MMP-2 
and DAPI. MMP-2 (green color) for the detection of cytoplasmic localization and DAPI (blue color) for the detection 
of nuclei. Immunofluorescence staining for MMP-2 revealed decreased cytoplasmic localization (white arrow) in 
the treatment group compared to the control. (B) The percentage of MMP-2 positive cells was quantified relative to 
untreated control cells. (C) Western blot analysis of MMP-2 expression. (D) Relative densitometric analysis of MMP-
2 following CP treatment. Data for MMP-2-positive cells and MMP-2 density are expressed as mean ± SD, and every 
sample was independently analyzed in triplicate (n = 3). * and *** indicate statistical significance at p < 0.05 and 
p < 0.001, respectively, compared to the control group.

inhibited the migration of HepG2 cells at 48 h compared 
to both untreated cells and lower CP concentrations. These 
findings suggest that CP suppresses HepG2 cell migration 

in a dose-dependent manner (Figure 3B). Regarding cell 
invasion treatment with CP at concentrations of 100–1,600 
µg/mL significantly reduced the number of invading 
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Figure 6. Effect of CEs on MMP-9 protein Expression in HepG2 Cells. (A) Immunofluorescence staining of MMP-9 
and DAPI. MMP-9 (green color) for the detection of cytoplasmic localization and DAPI (blue color) for the detection 
of nuclei. Immunofluorescence staining for MMP-9 showed reduced cytoplasmic localization (white arrow) in the 
treatment group compared to the control. (B) The percentage of MMP-9 positive cells was quantified relative to 
untreated control cells. (C) Western blot analysis of MMP-9 expression. (D) Relative densitometric analysis of MMP-
9 following CP treatment. Data for MMP-9 positive cells and MMP-9 density are expressed as mean ± SD, and each 
sample was measured independently three times (n = 3). * and ** indicate statistical significance at p < 0.05 and 
p < 0.01, respectively, compared to the control group.

HepG2 cells at 48 h in a concentration-dependent manner 
compared to the control group (Figure 3C, 3D). 

Effect of CP on protein expression levels 
To evaluate the effect of CP on the expression of 

proteins involved in cancer metastasis, HepG2 cells 
were treated with various concentrations of CP (100–
1,600 µg/mL) for 48 h. Protein expression levels were 
subsequently assessed using immunofluorescence and 
Western blot analyses, focusing on key proteins related 
to cell migration and invasion. Immunofluorescence 
staining for E-cadherin in the CP-treated group showed 
increased membrane localization compared to the control 
group (Figure 4A). The percentage of E-cadherin-positive 
cells increased significantly in response to CP treatment 
(100–1,600 µg/mL) compared to untreated cells (Figure 
4B). Western blot analysis confirmed that treatment 
markedly upregulated E-cadherin expression (Figure 
4C), and quantification showed a significant increase in 
protein levels across all CP concentrations compared to 
the control group (Figure 4D). In contrast, MMP-2 staining 
in the control group revealed more intense cytoplasmic 
localization than in the CP treated group (Figure 5A). 
The percentage of MMP-2-positive cells significantly 
decreased in response to CP treatment (100–1,600 µg/
mL) compared to untreated cells (Figure 5B). Western blot 
analysis showed a substantial downregulation of MMP-2 
expression with CP treatment (Figure 5C), and protein 
quantification confirmed a significant reduction in MMP-
2 levels across all doses (Figure 5D). Similarly, MMP-9 
immunofluorescence in the control group exhibited 

stronger cytoplasmic staining than in the CP treated 
group (Figure 6A). The percentage of MMP-9-positive 
cells significantly declined with CP doses of 100–1,600 
µg/mL (Figure 6B). Western blot results demonstrated 
that CP treatment significantly downregulated MMP-9 
expression (Figure 6C), with corresponding reductions 
in protein level of MMP-9 indicating CP treatment doses 
of 100–1,600 µg/mL significantly decreased compared to 
the control group (Figure 6D).

Discussion

HCC is a highly aggressive cancer characterized by 
aggressive invasion and metastasis, contributing to its 
poor prognosis. Cancer cell migration and invasion are 
key steps in the metastatic cascade for many cancer types 
[21]. Therefore, there is a pressing need to develop novel 
therapeutic agents that enhance treatment efficacy and 
target these metastatic mechanisms. The search for natural 
products with anticancer potential has gained increasing 
attention among researchers.	

Crocodile blood is considered a valuable medicinal 
substance. In traditional Chinese medicine, it is believed 
that consumption of CP can boost the immune response. 
In addition, modern studies have shown that crocodile 
blood possesses anti-inflammatory, antioxidant, and 
anti-cancer properties [14, 15]. In the present study, we 
analyzed the protein composition of CP and identified 
several proteins involved in the regulation of cell growth 
and cancer metastasis, including apolipoprotein [22], 
cystatins [23, 24], gelsolin [25, 26], integrin [27], and 
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vimentin [28]. These findings support our experimental 
data, which demonstrated that treatment inhibits the 
growth and metastasis of HepG2 cells. Furthermore, our 
results showed a decrease in Ki-67 expression following 
CP treatment, suggesting that CP suppresses HepG2 cell 
proliferation. This observation is consistent with findings 
by Phonarknguen and colleagues, who reported that 
crocodile blood extract reduces HepG2 cell viability [19].

Apoptosis plays a vital role in eliminating damaged 
cells to maintain homeostasis under normal physiological 
conditions. However, impairments in the apoptotic 
signaling pathway can contribute to carcinogenesis and 
promote cancer cell survival [29]. Therefore, inducing 
apoptosis in cancer cells is a key therapeutic strategy for 
cancer treatment. A previous study reported that crocodile 
blood extract can induce apoptosis in HepG2 cells by 
promoting nuclear morphological changes characteristic 
of apoptotic cells [19]. In the present study, we examined 
the effect of CP on the expression of the apoptosis-
related protein caspase-3 in HepG2 cells. caspase-3, a 
critical executioner in the intrinsic apoptotic pathway, 
is influenced by mitochondrial signals. Our finding 
demonstrated that CP treatment increased the expression 
of cleaved caspase-3 in HepG2 cells, correlating with 
enhanced levels of apoptosis.	

Cancer cell migration and invasion are critical steps 
in the metastatic process of many cancer types [21]. 
Therefore, we evaluated the inhibitory effects of CP on 
the migration and invasion of HepG2 cells. Our results 
indicated that CP significantly suppressed HepG2 cells 
migration in a dose-dependent manner. Similarly, CP 
treatment reduced the invasive ability of HepG2 cells in 
a dose-dependent fashion. These findings demonstrate 
that CP effectively inhibits both migration and invasion in 
HepG2 cells. To investigate the underlying mechanisms, 
we assessed the expression of proteins associated with 
cancer migration and invasion, including E-cadherin, 
MMP-2, and MMP-9. E-cadherin is a transmembrane 
protein and a key component of cell–cell adhesion 
complexes [30]. E-cadherin is intimately associated 
with the metastasis of cancer [31]. The development in 
various cancer cells displayed the reduced expression 
of E-cadherin [30]. The high expression of E-cadherin 
could induce conversion of cultured cancer cells from 
an invasive mesenchymal phenotype to a non-invasive 
epithelial phenotype [3]. The results of the present 
study showed that increased E-cadherin expression 
significantly reduced the migration and invasion of HepG2 
cells treated with CP. These findings suggested that the 
inhibitory effect of CP on HepG2 migration and invasion 
is mediated by the upregulation of E-cadherin, leading 
to enhanced cell adhesion and tissue integrity. Previous 
studies have reported that E-cadherin can be cleaved by 
specific enzymes in various cancer cell types, resulting 
in diminished cell adhesion and tissue cohesion, thereby 
facilitating metastasis and invasion [32-34]. MMPs 
are key enzymes responsible for cleaving E-cadherin 
and generating extracellular fragments [35]. The MMP 
family, including MMP-2 and MMP-9, plays a crucial 
role in ECM degradation [6, 36]. ECM and basement 
membrane degradation by MMPs are essential steps in 

cancer metastasis and invasion. MMP-2 and MMP-9, 
in particular, have been strongly implicated in these 
processes [9]. Our data demonstrated that CP treatment 
downregulated MMP-2 and MMP-9 expression in HepG2 
cells. Collectively, these results confirm that CP exerts 
an inhibitory effect on metastasis and invasion in HepG2 
cells. Further animal studies will be conducted to validate 
the therapeutic potential of CP.

In this study, we analyzed the protein composition 
of CP and its role in inhibiting cancer cell growth and 
metastasis. We further investigated the effects of CP 
on proliferation, apoptosis, metastasis, and invasion 
in HepG2 cells. The results demonstrated that CP 
inhibited cell proliferation and induced apoptosis via 
the mitochondrial apoptotic pathway. Additionally, 
CP treatment suppressed metastasis and invasion by 
modulating key proteins, inducing E-cadherin, MMP-2, 
and MMP-9. Specifically, CP upregulated E-cadherin 
expression while downregulating MMP-2 and MMP-9 
levels. To our knowledge, this is the first study to identify 
the protein components of CP and report its apoptotic, 
anti-invasive, and anti-metastatic mechanisms in HepG2 
cells. These findings suggest that CP holds promise as 
a novel therapeutic approach for the treatment of HCC.
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