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Background: Hepatocellular carcinoma (HCC) is characterized by considerable phenotypic 

and molecular heterogeneity, but the overall survival of HCC patients remains extremely poor. 

Thus, novel and efficient alternatives to antitumor agents are urgently needed. Pectolinarigenin, 

a flavonoid compound extract, has been previously reported for the treatment of nasopharyngeal 

cancer. However, the potential antitumor roles of pectolinarigenin in HCC have not been clearly 

elaborated. In the present study, we investigated its role in HCC treatment and explored the 

potential molecular mechanism(s).

Materials and methods: HCC cell lines SMMC7721 and PLC5 were cultured and treated 

with indicated concentrations of pectolinarigenin. For the HCC cell proliferation, after HCC 

cells were stimulated with indicated concentrations of pectolinarigenin, the cell viability was 

detected in CCK-8 and colony-forming assays. HCC cell invasion/migration assay was performed 

by Transwell and wound scratch methods. Additionally, cellular apoptosis and cell cycle arrest 

analysis was performed with flow cytometric analysis. Finally, the involved underlying signal-

ing pathway, the PI3K/AKT/mTOR/ERK signaling-related molecular markers were detected 

through Western blot methods with indicated antibodies. Meanwhile, antitumor activity of 

pectolinarigenin was also assessed in tumor-bearing mice.

Results: The results indicated that the treatment with pectolinarigenin significantly inhibited 

cell proliferation and migratory and invasive abilities of SMMC7721 and PLC5 cells in 

concentration- and time-dependent manner. Meanwhile, pectolinarigenin markedly induced 

cell apoptosis and G2/M phase arrest in SMMC7721 and PLC5 cells, which was associated 

with apoptosis- and cell cycle-related protein levels, respectively. Furthermore, pectolinarigenin 

inhibited PI3K/AKT/mTOR/ERK signaling pathway. It also significantly suppressed HCC 

tumor growth in vivo.

Conclusion: Pectolinarigenin could suppress the viability and motility and cause apoptosis 

and G2/M phase arrest in HCC cell lines by inhibiting the PI3K/AKT/mTOR/ERK signaling 

pathway. This might be an appealing potential therapeutic agent for HCC treatment.

Keywords: hepatocellular carcinoma, pectolinarigenin, apoptosis, cell cycle arrest, antitumor

Introduction
Hepatocellular carcinoma (HCC) is ranked the third most frequent cancer-related 

death and the sixth most common neoplasm.1 Patients with HCC often embraced 

the basis of virus infectious, chronic alcohol consumption, and metabolic syndrome, 

all of which contributed to liver dysfunction and an extremely poor prognosis. 
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Unfortunately, increasing incidences of HCC are forecasted 

in the future.2 Currently, more than two thirds of patients are 

in the advanced stage at the time of diagnosis when curative 

surgical therapies are contraindicated.3,4 In addition, the clini-

cal therapeutic outcomes of sorafenib or lenvatinib to 2–3 

months survival advantages are of great limit. Therefore, it is 

of great necessity to develop and explore a new therapeutic 

strategy on the basis of understanding of the biological 

characteristics of HCC.

Pectolinarigenin, a component extract of the Chinese 

herbal plant, was isolated from Chromolaena odorata, which 

has shown multifunctional bioactivities, including cytotoxic 

activity by inducing cell apoptosis,5,6 anti-inflammation,7 

anti-allergy, and antitumor effect.8 It has drawn mounting 

attention as a potential candidate for the treatment of human 

malignancies. However, the exact biological role(s) and 

regulating mechanism(s) of pectolinarigenin in HCC has not 

yet been reported in detail.

In the present study, we evaluated the viability and 

effectiveness of the antitumor activity of pectolinarigenin 

and elucidated its potential mechanism in HCC. We used 

the functional assays and Western blot to elaborate that 

pectolinarigenin inhibited the viability and motility of HCC 

cell lines, induced apoptosis, and caused G2/M phase arrest. 

Moreover, further studies demonstrated that pectolinarigenin 

directly blocked the PI3K/AKT/mTOR/ERK signaling 

pathway.

Materials and methods
reagents and cell culture
Pectolinarigenin was purchased from Abmole Bioscience Inc., 

Houston, TX, USA (M4748) and was dissolved in DMSO 

and stored at −20°C. Human HCC cell lines SMMC7721 and 

PLC5 were obtained from the Chinese Academy of Sciences 

(Beijing, China) and maintained in Roswell Park Memorial 

Institute 1640 medium (Thermo Fisher Scientific, Waltham, 

MA, USA) supplemented with 10% FBS (Thermo Fisher 

Scientific), 100 U/mL penicillin, and 100 µg/mL strepto-

mycin (Thermo Fisher Scientific) and maintained at 37°C 

in a humidified incubator with 5% CO
2
.

cell viability assay
The cell viability was quantified by the Cell Counting 

Kit-8 (CCK-8) assay (Dojindo Molecular Technologies, 

Inc., Kumamoto, Japan). In general, about 4×104 cells 

of SMMC7721 or PLC5 were plated into 96-well plates 

for 24 hours and were then treated with the indicated 

concentrations of pectolinarigenin (0, 5, 10, 25, 50, and 

100 µM) for the indicated times. A total of 0.1% DMSO 

was used in the control group. After incubation at 37°C for 

various periods of time (24, 36, 48, and 72 hours), the 450-nm 

absorbance wavelength was measured using a microplate 

reader. Cell viability was determined when compared to 

DMSO-treated group. All experiments were independently 

repeated thrice.

cell colony-forming assay
In the cell colony-forming assay, 1×103 cells of SMMC7721 

or PLC5 were seeded in six-well plates for 24 hours and then 

maintained with or without the indicated concentrations of 

pectolinarigenin for 10 days. During the period, the culture 

medium with different concentrations of pectolinarigenin was 

replaced every 2 days. At the end, the colonies were fixed in 

4% paraformaldehyde for 30 minutes and then stained with 

0.3% crystal violet for 20 minutes at room temperature. Then, 

the colonies were photographed and counted.

Migration and invasion assays
For the HCC cell migration and invasion assays, the Tran-

swell chamber assays were performed with the 24-well 

Transwell plate (Corning Incorporated, Corning, NY, USA). 

About 2×105 cells of SMMC7721 or PLC5 stimulated with 

indicated concentrations of pectolinarigenin in 200 µL culture 

medium without FBS were added to the upper chamber, 

and 500 µL of culture medium containing 20% FBS was 

added to the lower chamber. The cells were maintained 

in CO
2
 incubator for 48 hours. Then invasive cells in the 

lower chamber were fixed with 4% paraformaldehyde for 

30 minutes and then stained with 0.3% crystal violet for 

20 minutes at room temperature. Finally, the invasive cell 

numbers were photographed and counted using an optical 

microscope (BX53; Olympus Corporation, Tokyo, Japan).

Further, for the cell wound scratching assay, about 5×105 

cells of SMMC7721 or PLC5 were plated into six-well plates 

and grown to 90% confluence. Then, the cell layer was 

scratched by using a 200 µL pipette tip, followed by replac-

ing the medium with or without 10 µM pectolinarigenin. 

After incubation for 48 hours, images of the cell-free areas 

were photographed, and the percentage of the scratch spaces 

was measured using ImageJ software (National Institutes of 

Health, Bethesda, MA, USA).

cell cycle arrest analysis
Cell cycle distribution and DNA content were determined 

using a FACSCalibur flow cytometer (Beckman Coulter, 

Brea, CA, USA). Generally, SMMC7721 and PLC5 cells 
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were seeded in a six-well plate at a density of 5×105 cells/well 

for 24 hours, and then were treated with or without pecto-

linarigenin (10 µM) for 48 hours. Then the cells were fixed 

in 75% ethanol overnight at 4°C, followed by washing twice 

with PBS, and the fixed cells were then incubated with 300 µL 

propidium iodide (PI) working solution for 15–30 minutes, 

shielded from light at room temperature before flow cyto-

metric analysis.

apoptosis analysis
Annexin V/PI apoptosis detection kit (556420; BD Biosci-

ences, San Jose, CA, USA) was used to detect cell apoptosis 

according to the manufacturer’s instructions. Briefly, cells 

were harvested and washed twice with PBS after treatment 

for 48 hours. Then the cells were suspended in 200 µL of 

binding buffer, 5 µL of Annexin V antibody conjugated 

with fluorescein isothiocyanate (FITC), and 5 µL of PI 

solution. After incubation in the mixture for 15 minutes 

at room temperature, shielded from light, the percent-

age of apoptotic cells was determined by flow cytometry 

(Beckman Coulter).

Western blotting
The total protein was extracted in ice-cold radioimmunopre-

cipitation assay lysis buffer (Beyotime, Shanghai, China), 

and the concentration of protein was quantified using a bicin-

choninic acid protein assay kit (Beyotime). Equal amounts 

(20 µg/lane) of protein were fractionated using SDS-PAGE 

and transferred to polyvinylidene difluoride membranes. 

These membranes were then incubated with anti-Bax, 

anti-Caspase-3, anti-Cleaved Caspase-3, anti-Bcl-2, anti-

cyclin B1, anti-cyclin D1, anti-P21, anti-CDC21, anti-PI3K, 

anti-p-mTOR, anti-mTOR, anti-p-EKR1/2, anti-EKR1/2, 

anti-pAKT, anti-AKT, and anti-GAPDH (Cell Signaling 

Technology, Danvers, MA, USA). Next the membranes were 

incubated with peroxidase-conjugated secondary antibodies. 

The Western blot bands were visualized using electrochemi-

luminescence kits in accordance with the manufacturer’s 

instructions (Abcam, Cambridge, UK). GAPDH was used 

for normalization of protein loading.

animal and tumor xenograft studies
All animals were maintained under specific pathogen-free con-

ditions. SMMC7721 cells (5×106 cells) were injected subcu-

taneously into the right side of each 5- to 6-week-old BALB/c 

male nude mice (Animal Center of the Chinese Academy of 

Science, Shanghai, China). The treatment was initiated when 

tumors reached a volume of 50–150 mm3. Tumor volume 

was calculated as the largest length×width2×0.5, and tumor 

diameter was measured thrice every week. Mice were divided 

into control group and pectolinarigenin group. Each group 

contained five animals. All animals were cared for, and the 

experiments were reviewed and approved by the Zhejiang 

University Animal Care Committee.

statistical analysis
The statistical analysis was conducted using GraphPad 

Prism 7 software (GraphPad Software, La Jolla, CA, USA), 

two-tailed P,0.05 was considered statistically significant. 

The quantitative variables were summarized as mean ± SD. 

The data between groups were compared using the two-tailed 

Student’s t-test.

Results
retardation of cell viability, proliferation, 
and invasive ability of hcc cells by 
pectolinarigenin
The cytotoxicity of pectolinarigenin on SMMC7721 and 

PLC5 cells was assessed by CCK-8 assay. Pectolinari-

genin substantially retarded the viability of SMMC7721 

and PLC5 cells in a time- and dose-dependent manner 

(Figure 1A and B). IC
50

 values of 24, 48, and 72 hours stimu-

lation were 29.26, 19.23, and 11.59 µM, respectively, for 

SMMC7721, and 32.67, 20.9, and 11.97 µM, respectively, 

for PLC5. Colony formation assays also showed that when 

treated with 10 µM pectolinarigenin, both SMMC7721 and 

PLC5 cells showed fewer and smaller colonies than the 

control group (Figure 1C). Hence, 10 µM pectolinarigenin 

was used in the following assay to examine its effect on 

HCC cell lines to avoid the interference from cell death 

effect. The results of Transwell (Figure 1D) and scratch 

analysis (Figure 1E) showed that pectolinarigenin signifi-

cantly suppressed invasion and migration. Taken together, 

pectolinarigenin could inhibit SMMC7721 and PLC5 cell 

invasion and migration.

Pectolinarigenin induced apoptosis in 
hcc cells
Apoptosis process is one of the proven antitumor pathways.9 

Thus, to further confirm the effect of pectolinarigenin on 

HCC cell apoptosis process, Annexin V and PI staining was 

used to analyze whether pectolinarigenin caused apoptosis 

in SMMC7721 and PLC5 cells. As shown in Figure 2A, 

a significant increase in the ratio of apoptotic cells was 

observed in pectolinarigenin-treated SMMC7721 and PLC5 

cells, ranging from 1.7% to 16.0% and from 5.3% to 38.5%, 
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Figure 1 Pectolinarigenin inhibited sMMc7721 and Plc5 cells’ viability, proliferation, migration, and invasive ability.
Notes: (A and B): sMMc7721 and Plc5 cells were treated with different doses of pectolinarigenin (0–100 µM) for 24, 48, and 72 hours. Then, the cell viability was assessed 
by the ccK-8 assay. (C) in colony forming assay, sMMc7721 and Plc5 cells were treated with or without 10 µM pectolinarigenin for 10 days. (D) in Transwell assay, 
sMMc7721 and Plc5 cells were treated with different concentrations of pectolinarigenin for 48 hours. (E) Migration of sMMc7721 and Plc5 cells was measured through 
the scratch assay at 48 hours with or without pectolinarigenin. The data were expressed as the mean ± sD. *P,0.05 indicates a significant difference from the control group. 
The 10 µM Pec indicated 10 µmol/ml pectolinarigenin.
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respectively. The difference was statistically significant 

(Figure 2B). Meanwhile, we further verified the protein 

expression levels of apoptosis-related proteins Bcl-2, Bax, 

and Caspase-3. Similar to flow cytometric results, exposure 

to pectolinarigenin distinctly downregulated the level of 

antiapoptotic Bcl-2 and upregulated the expression of the 

proapoptotic regulatory factor Bax (Figure 2C). Besides, the 

cleavage form of Caspase-3, as the executioner of apoptosis, 

was also upregulated significantly. Taken together, pectoli-

narigenin promotes apoptosis in HCC cells through the Bcl-2/

Bax/Caspase-3 pathway.

Pectolinarigenin triggered g2/M phase 
cell-cycle arrest in hcc cells
The effect of pectolinarigenin on cell-cycle distribution 

of HCC cells was examined by flow cytometric analysis. 

Figure 2 Pectolinarigenin caused apoptosis of sMMc7721 and Plc5 cells.
Notes: (A and B) sMMc7721 and Plc5 cells were treated with or without 10 µM pectolinarigenin for 48 hours and stained with FiTc and annexin V/Pi. Then, apoptotic 
cells were quantified by flow cytometry. The data are shown as mean ± sD of three experiments. (C) Bcl-2, Bax, caspase-3, and cleaved caspase-3 proteins were measured 
by Western blot. *P,0.05 indicates a significant difference from the control group. The 10 µM Pec indicated 10 µmol/ml pectolinarigenin.
Abbreviations: FITC, fluorescein isothiocyanate; PI, propidium iodide.
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The results indicated that typical G2/M cell-cycle phase 

arrest pattern was observed when treated with pectolinari-

genin. The proportion of cells at G2/M phase significantly 

increased in both SMMC7721 and PLC5 cells, ranging 

from 8.9% to 45.6% and from 14.4% to 42.0%, respectively 

(Figure 3A and B). To further clarify the underlying mecha-

nism of molecules likely to be involved in cell-cycle pro-

gression, we examined the protein level by Western bolt for 

several cell-cycle regulatory factors in SMMC7721 and PLC5 

cells. The expressions of G2/M cell cycle-regulatory proteins 

Figure 3 Pectolinarigenin caused g2/M phase arrest of sMMc7721 and Plc5 cells.
Notes: (A and B) sMMc7721 and Plc5 cells were treated with or without 10 µM pectolinarigenin for 48 hours, and the cell cycle distribution was measured by flow 
cytometry. The data are shown as mean ± sD of 3 experiments. (C) Western blot analysis of cyclin D1, cyclin B1, P21, and cDc2 proteins after pectolinarigenin treatment. 
*P,0.05 indicates a significant difference from the control group. The 10 µM Pec indicated 10 µmol/ml pectolinarigenin.
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cyclin B1, cyclin D1, and CDC2 were downregulated and 

p21 expression was upregulated significantly (Figure 3C).

Pectolinarigenin suppressed Pi3K/aKT/
mTOr/erK signaling pathway
To explore the potential mechanism by which pectolinarigenin 

induced HCC cell proliferation, we conducted Western blot 

to investigate the potential molecular targets of pectolinari-

genin. The results indicated that pectolinarigenin effectively 

reduced PI3K, p-AKT, p-mTOR, and p-ERK1/2 protein 

levels (Figure 4) in both SMMC7721 and PLC5 cells. The 

present outcomes suggested that pectolinarigenin may cause 

proliferation retardation in HCC cells through PI3K/AKT/

mTOR/ERK signaling pathway and suggested that it may 

be an alternative therapeutic strategy for HCC treatment.

Pectolinarigenin suppressed hcc tumor 
growth in mouse xenograft models
The presented outcomes have suggested that pectolinarigenin 

significantly suppressed HCC cell proliferation in vitro and 

whether this phenomenon could be replicated similarly in 

vivo. After four cycles of pectolinarigenin treatment, the 

tumors of pectolinarigenin-treated mice were significantly 

smaller than those of the control group, as shown in Figure 5A, 

and the mean tumor weights were 0.44±0.04 and 0.14±0.04 g, 

respectively (n=5, P,0.001, Figure 5B). The mean tumor vol-

umes in pectolinarigenin group were markedly smaller than 

those in the control group, 492.7±20.8 and 154.9±43.9 mm3, 

respectively (n=5, P,0.001, Figure 5C). Furthermore, 

immunohistochemistry staining was used to test the Ki-67 

expression level. As shown in Figure 5D, Ki-67-positive cells 

reduced significantly in the pectolinarigenin group compared 

to that in the control group. Taken together, these results 

indicated that pectolinarigenin treatment could significantly 

inhibit HCC tumor proliferation in vivo.

Discussion
Currently, in Asia and Africa, the prevalence of liver cancer 

remains at the highest level than in other regions,10 and 

compared to other types of liver cancer, HCC accounts for 

90% of primary liver cancers.11,12 The prognosis and 5-year 

survival of HCC treatment to some extent has been improved; 

however, the available systemic treatment options are finite 

due to phenotypic and molecular heterogeneity.13,14 Several 

Figure 4 Pectolinarigenin inhibited Pi3K/aKT/mTOr/erK signaling pathway.
Notes: Pectolinarigenin treatment markedly inhibited Pi3K/aKT/mTOr/erK signaling protein levels in sMMc7721 and Plc5 cell lines for 48 hours. *P,0.05 vs. the indicated group.
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progresses in the treatment of HCC have been achieved 

through advanced techniques and clinical targeted agents,15–18 

but the clinical therapeutic outcomes of HCC patients 

remain unsatisfying, of which the clinical drug-resistance 

contributes as the greatest challenge. Therefore, an effective 

alternative to antitumor agents for the treatment of HCC is 

urgently required. In the present study, we offered several 

lines of evidence that pectolinarigenin, a natural Chinese 

herbal extract, could provide as a potential alternative in 

HCC treatment.

Recently, several studies have reported that pectoli-

narigenin possess anti-inflammation activities, leading to 

reduced eicosanoid production in inflammatory lesions, and 

antiviral and immunomodulatory potentials.7,19 In addition, 

a previous study reported that pectolinarigenin exhibited 

cytotoxic activity on human malignancies, including human 

small lung carcinoma and colorectal cancer.20 Meanwhile, 

in human large cell lung carcinoma, pectolinarigenin also 

exhibited strong cytotoxic activity against cell proliferation 

with an IC
50

 value of 4.07 µM.8 Based on the abovementioned 

antitumor effect of pectolinarigenin on several cancer types, 

we propose that it has an extent antitumor effect; however, 

the biological functions of pectolinarigenin in HCC remain 

unknown. To the best of our knowledge, this study elaborates 

the cytotoxic effect of pectolinarigenin on HCC cells. First, 

we identified that pectolinarigenin suppressed proliferation, 

promoted apoptosis, and caused G2/M arrest in HCC cancer 

cells. Second, we demonstrated that pectolinarigenin might 

play an antitumor role through PI3K/AKT/mTOR/ERK 

signaling pathway.

Resistance to cell death is represented as one of 

the hallmarks of cancer proliferation. Apoptosis has 

been regarded as a prevalent mode of “programmed” cell 

death.9 Gene-encoding21 or drugs22 has been used for cancer 

chemotherapy which could lead to apoptotic death. BCL-2, 

an antiapoptotic gene, was identified as a part of (14;18) 

chromosomal translocation in B-cell lymphomas.23,24 Pre-

vious studies demonstrated that overexpression or reduc-

tion of Bcl-2 protein was associated with inverse response 

of chemotherapy.25,26 Moreover, Bax played a role as a 

Figure 5 effect of pectolinarigenin on hcc tumor growth in vivo.
Notes: (A) The tumor mass with or without cabazitaxel treatment. (B) The tumor weight and (C) tumor volume at the end of the experiments were compared in control 
and cabazitaxel groups. (D) Ki-67 immunohistochemical staining and expression level change (×200) were noted. Data are shown as mean ± sD. *P,0.05 vs control group. 
The 10 µM Pec indicated 10 µmol/ml pectolinarigenin.
Abbreviation: hcc, hepatocellular carcinoma.
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pro-apoptosis regulator through sequestering multi-domain 

pro-death BCL-2 proteins. Hence, it was reasoned that chem-

icals that disrupted the protein–protein interaction could offer 

a means to overcome blocks to cell death in cancer.27 In the 

present study, the percentage of early apoptosis cells was 

significantly increased when HCC cells were treated with 

pectolinarigenin as determined by flow cytometric analysis. 

The mechanism was, pectolinarigenin distinctly down-

regulated the protein levels of antiapoptotic Bcl-2 and 

upregulated the expression of the pro-apoptotic Bax. The 

cleavage form of Caspase-3 was the executioner of apoptosis 

that enhanced the apoptotic signaling.28,29 In our work, we 

also found that pectolinarigenin activated Caspase-3 in vitro. 

Therefore, pectolinarigenin may induce HCC cell apoptosis 

through the Bcl-2/Bax/Caspase-3 pathway.

Cell cycle arrest has been confirmed to be an effective 

approach in controlling tumor growth.30,31 In our study, we 

have found that pectolinarigenin markedly regulated the 

cell cycle in G2/M arrest. Previous works have suggested 

that p21 was a key regulator of the G1/S transition,32 which 

was consistent with our study that pectolinarigenin highly 

increased the p21 protein level. Besides, we also demon-

strated that the G1/S phase checkpoint protein, cyclin D1, 

was significantly altered when HCC cells were treated with 

pectolinarigenin. The highly decreased cyclin B1 level 

observed in pectolinarigenin-treated cells may also impede 

G2/M transition and thus arrest the cells at the G2/M phase. 

These data suggested that pectolinarigenin may lead to cell 

growth via changes in cell cycle progression.

Accumulating evidence has indicated that the PI3K/AKT/

mTOR/ERK signaling pathway was associated with aggres-

sive phenotype and poor prognosis and was dysregulated in 

human HCC.33,34 One recent study has uncovered that KRas-

driven cancer cells S-phase arrest was glutamine-dependent 

metabolic checkpoints,35 and another study reported that 

5-aminoimidazole-4-carboxamide-1-β-4-ribofuranoside 

could induce breast cancer cells’ S-phase cell cycle arrest 

through the PI3K/mTOR/Akt signaling pathway.36 To better 

understand the mechanism by which pectolinarigenin caused 

HCC tumor cell proliferation, we focused on the PI3K/AKT/

mTOR/ERK signaling pathway which was tightly involved in 

regulating HCC cell life development.34,37,38 In our research, 

we demonstrated that pectolinarigenin effectively suppressed 

the PI3K/AKT/mTOR/ERK signaling pathway by highly 

decreasing the phosphorylation level S of AKT, ERK1/2, 

and mTOR in human HCC SMMC7721 and PLC5 cell lines. 

These data suggested that pectolinarigenin significantly 

inhibited the PI3K/AKT/mTOR/ERK signaling pathway, 

which may induce apoptosis, cell cycle arrest, and migration/

invasion delay in HCC cells.

Conclusion
In conclusion, our research indicated that pectolinarigenin 

could suppress HCC cell proliferation by inducing cell 

apoptosis and cell cycle arrest. Besides, pectolinarigenin 

also decreased HCC cell migration and invasion. Finally, we 

also proved that it could deactivate the PI3K/AKT/mTOR/

ERK signaling pathway. The mechanisms underlying the 

anticancer effects by pectolinarigenin need to be further elu-

cidated, but our findings suggest that it may be an alternative 

therapeutic strategy for HCC treatment.
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