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A B S T R A C T   

Background: Hepatocellular Carcinoma (HCC) is extremely aggressive and presents low rates of response to the 
available chemotherapeutic agents. Many studies have focused on the search for alternative low-cost natural 
compounds with antiproliferative potential that selectively respond to liver cancer cells. 
Purpose: This study assessed the in vitro direct action of trans-chalcone (TC) on cells of the human HCC HuH7.5 
cell line. 
Methods: We subjected the HuH7.5 tumor cells to TC treatment at increasing concentrations (12.5–100 µM) for 
24 and 48 h. Cell viability was verified through MTT and 50% inhibitory concentration of cells (IC50 23.66 µM) 
was determined within 48 h. We quantified trypan blue proliferation and light microscopy, ROS production, 
mitochondrial depolarization and autophagy, cell cycle analysis, and apoptosis using Muse® cell analyzer and 
immunocytochemical markings of p53 and β-catenin. 
Results: Data showed an effective dose- and time-dependent TC-cytotoxic action at low micromolar concentra-
tions without causing toxicity to non-cancerous cells, such as erythrocytes. TC-treatment caused mitochondrial 
membrane damage and cell cycle G0/G1 phase arrest, increasing the presence of the p53 protein and decreasing 
β-catenin, in addition, to inducing cell death by autophagy. Additionally, TC decreased the metastatic capacity of 
HuH7.5, which affected the migration/invasion of this type of cell. 
Conclusion: In vitro TC activity in the human HCC HuH7.5 tumor cell line is shown to be a potential molecule to 
develop new therapies to repair the p53 pathway and prevent the overexpression of Wnt/β-catenin tumor 
development inducing autophagy cell death and decreasing metastatic capacity of HuH7.5 cell line.   

Abbreviations: BSA, bovine serum albumin; CCCP, Carbonyl cyanide m‑chloro‑phenylhydrazone; DAB, 3,3′-diaminobenzidine; DMEM, Dulbecco’s modified Ea-
gle’s medium; DMSO, dimethylsulfoxide; Doxo, Doxorubicin; FBS, fetal bovine serum; HCC, Hepatocellular Carcinoma; HRP, horseradish peroxidase; IC50, 50% 
inhibitory concentration; MTT, 3-(4,5-dimethylthiazol-2-yl)− 2,5- diphenyltetrazolium bromide; MDC, monodanzylcadaverine; ROS, reactive oxygen species; OD, 
optical density; PBS, Phosphate-buffered saline; PI, propidium iodide; PS, phosphatidylserine; R O S, reactive oxygen species; TC, trans-chalcone; TMRE, tetrame-
thylrhodamine ethyl ester probe. 
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Introduction 

Hepatocellular carcinoma (HCC) constitutes 75–85% of primary 
liver tumors, according to the International Agency for Research on 
Cancer, corresponding to the sixth most prevalent cancer worldwide and 
the fourth cancer-related cause of death, thus representing a major 
global public health problem. According to the literature, in 2008 > 694 
thousand HCC-related deaths were registered worldwide and in 2018 
the mortality rate reached 781 thousand cases (New Global Cancer 
Data: GLOBOCAN 2018). 

Liver transplant is among the most efficient therapies available, and 
is indicated at the early stage of the disease, followed by surgical 
resection, ablation, or trans-arterial therapies (Sim and Knox, 2018), in 
addition to a wide range of anti-tumor drugs. However, as HCC is usually 
diagnosed at its late phase, systemic chemotherapy treatment is chal-
lenging because of its very aggressive nature, which involves low 
response rates, resistance to multiple drugs, several side effects, and low 
recovery rate (Zhang et al., 2019). In this context, research has focused 
on finding improved therapeutic strategies for HCC-related signaling 
pathways involved in the tumorigenic process. 

Although cancer originates from a combination of mutations in on-
cogenes, developmental pathways, and tumor suppressor genes, it is 
common to occur p53 mutations in human liver cancer, characterized as 
typically highly aggressive and resistant to non-surgical therapies (Xue 
et al., 2007). HCC also displays altered Wnt/β-catenin signaling in which 
more than one-third of HCC cases exhibit cytoplasmic and/or nuclear 
accumulation of β-catenin, which correlates to poor differentiation and 
prognosis (Wands and Kim, 2014). p53 is an important gene that pre-
sents a complex role on tumorigenic suppression by repairing the tumor 
that restricts proliferation in response to DNA damage or deregulation of 
mitogenic oncogenes leading to the induction of various cell cycle 
checkpoints, apoptosis, autophagy, or cellular senescence (Blandino 
et al., 2020). Aberrant activation of this pathway generates the accu-
mulation of β-catenin in the nucleus and promotes the transcription of 
many oncogenes, such as c-Myc and CyclinD-1 (Cagatay and Ozturk, 
2002). 

Therefore, developing gene therapies aimed at repairing the p53 
pathway and inducing cell death is extremely promising. In this context, 
chalcones (1,3-diphenyl-2-propene-1-ones) have been described as a 
class of substances with antitumor potential for being open-chain pre-
cursors for flavonoid biosynthesis and biologically classified as sec-
ondary metabolites of low molecular weight (Bonakdar et al., 2017). In 
most cases, the most stable nature of the isomer is trans-chalcone (TC) 
(1,3-diphenyl-2-propen-1-one) (Aksöz and Ertan, 2011), which has 
antioxidant, anti-inflammatory properties and inhibits proliferation in 
different human cancer cell lines by upregulating the tumor suppressor 
p53 gene (Silva et al., 2018, 2016). 

However, considering that the literature is yet to include studies 
investigating the TC in human HCC HuH7.5 line, this study aimed at 
investigating the in vitro antiproliferative action of this compound as 
well as elucidating the possible death mechanisms through which TC 
acts on this tumor cell line. 

Materials and methods 

Trans-chalcone 

Commercial TC, ≥ 97% purity (Fig.1), was obtained from Santa Cruz 
Biotechnology, Inc. (Santa Cruz, CA- Catalog Number sc-204,681 - 
Dallas, USA). Stock solution of TC was dissolved in 1% dimethylsulf-
oxide (DMSO) (Sigma, St. Louis, MO, USA). DMSO concentration up to 
0.02% in all experiments. 

Cell culture 

HuH7.5 tumor cells grown in DMEM medium (Dulbecco’s modified 

Eagle’s medium, Lifetechnologies, Carlsbad, CA, USA) supplemented 
with 10% fetal bovine serum (FBS, Lifetechnologies), 100 U/ml peni-
cillin, and 100 µg/ml streptomycin (Santa Cruz Biotechnologies, Dallas, 
TX, USA) and incubated at 37 ◦C in 5% CO2. 

Cell viability assay 

The MTT assay was performed as previously described (Gonçalves 
et al., 2018). HuH7.5 cells (104 cell/well) were incubated with TC in 
96-well plates (12.5, 25, 50, and 100 μM) or 25 μM- Doxorubicin (Doxo) 
(Actavis Italy S.p.A., Pfizer) for 24, 48 and 72 h (37 ◦C, 5% CO2). Cells 
were washed and MTT was added (0.05 mg/ml) with incubation for 3 h. 
MTT product (formazan crystals) was diluted with 100 μl of DMSO and 
read in a spectrophotometer (Thermo Scientific, Multiskan GO) at 540 
nm. Cells with DMEM was used as a control, DMSO as vehicle and Doxo 
(25 μM/ml) as a positive control. Results were expressed as the per-
centage of viability in relation to the control group calculated according 
to the following formula:% (viable cells) = (OD of TC- treated samples / 
OD control-sample) × 100. From the data obtained through the MTT 
assay, the 50% inhibitory concentration of (IC50) curve was calculated 
using a logarithmic regression. 

Trypan blue exclusion cytotoxicity assessment 

HuH7.5 cells (3 × 104 cell/well) were treated with TC-IC50 (23.66 
µM ± 0.02), as well as after 24 and 48 h incubations (37 ◦C, 5% CO2). To 
assess cell viability, the suspension was diluted in 0.4% trypan blue 
solution at a 1:1 ratio. We counted the total number of viable and dead 
cells through light microscopy (Olympus BX41, Olympus Optical Co., 
Ltd., Tokyo, Japan) fusing a neubauer camera. This assay was performed 
in triplicate with three independent experiments. 

Quantification of HuH7.5 cell number through image microscopy 

HuH7.5 cells (106 cell/well) were treated with TC-IC50 (23.66 µM ±
0.02) ororor Doxo (25 µM) and incubated for 48 h. Photomicrographs 
(20 × objective lens) were then performed using an inverted imaging 
system EVOS™ (Thermo Ficher Scientific®) to analyze cell count after 
the treatments. 

Scratch assay 

HuH7.5 cells (106 cell/well) were seeded into 6-well plates and 
incubated (37 ◦C, 5% CO2) until reaching confluence. Subsequently, we 
generated a scratch in the monolayer by gently passing 200 µl tip on the 
bottom of each well, and treated the cells with TC-IC50 (23.66 µM ±
0.02) and control (cells supplemented with medium). Photomicrographs 
(20 × objective lens) were performed using an EVOS microscope (Life 
Technologies) at different times (0, 12, 24, and 48 h). We assessed cell 
migration as a free area (region without cells) measured on the Image- 
Pro-Plus Program software, while the percentage decrease in the area 
characterized the cell migration index. Assays were obtained in tripli-
cates from each group tested. 

Fig. 1. Chemical structure of trans-chalcone (1,3diphenyl-2-propen-1-one).  
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Production of reactive oxygen species (ROS) 

To assess the ROS generation, HuH7.5 cells (104 cells/well) were 
treated with TC-IC50 per 4 and 48 h, and the assay was performed as 
previously described (Concato et al., 2020). 

Mitochondrial membrane potential determination (∆Ψm) 

∆Ψm analysis was performed using tetramethylrhodamine-ethyl 
ester (TMRE) labeling (Sigma, St. Louis, MO, USA). HuH7.5 cells (104 

cell/well) were treated with TC-IC50 (23.66 µM ± 0.02) for 48 h. The 
assay was performed as previously described (Concato et al., 2020). 

Determination of autophagic vacuoles 

For the quantification of autophagic vacuoles, cells (104 cell/well) 
were treated with TC-IC50 (23.66 µM ± 0.02) for 48 h and, the cells were 
subsequently washed with PBS and incubated with mono-
dansylcadaverine (MDC) (50 µM) (Sigma - Aldrich, St. Louis, MO, USA). 
Data were obtained using a microplate fluorescence reader (Victor X3, 
PerkinElmer, Finland), with excitation wavelength (380 nm) and emis-
sion (525 nm). Experimental groups were defined as described in the cell 
viability assay. 

Analysis of the cell cycle 

HuH7.5 cells (2 × 106 cell/well) were seeded in a 6-well plate for 24 
h and subsequently treated with TC-IC50 (23.66 µM ± 0.02) and incu-
bated for the same period. Thereafter, the cell suspension was subjected 
to centrifugation (1500 rpm/5 min) and the cell pellet was resuspended 
in 300 µl of PBS. Afterward, a solution containing 0.05% ribonuclease A 
(RNAse A) (Sigma, St. Louis, MO, USA) was added and incubated (30 
min/37 ◦C). In the final step, a solution of 0.1% sodium citrate and 1% 
Triton-X100 was added to 50 µg/ml propidium iodide (PI) (Sigma, St. 
Louis, MO, USA) for 30 min. Fluorescence was estimated using a Muse 
Cell Analyzer (Merck Millipore), with 5000 events. DNA content was 
analyzed and the percentage values of cells at different phases of the 
cycle (G0/G1, S, and G2/M) were estimated according to their fluores-
cence intensity. 

Immunocytochemical detection of p-p53 and β-catenin 

Slides labeled with streptavidin-biotin using LSAB KIT (DAKO Japan, 
Kyoto, Japan) were incubated with 10% Triton X-100 solution for 1 h, 
washed three times in PBS and treated for 40 min at room temperature 
with bovine serum albumin (BSA) 10% and incubated overnight at 4 ◦C 
with primary antibodies β-catenin (1: 500) and p53 (1: 300) (Santa Cruz 
Biotechnology). After treatment with secondary antibody (2 h, room 
temperature), we visualized the activity of horseradish peroxidase 
(HRP) by applying the treatment with H2O2 and 3,3′-diaminobenzidine 
(DAB) for 5 min. Finally, the sections were slightly contrasted with 
Harry’s hematoxylin (Merck). For each case, negative controls were 
performed omitting the primary antibody. We examined the intensity 
and location of immunoreactivities against the primary antibody used 
on all slides through a photomicroscope (Olympus BX41, Olympus Op-
tical Co., Ltd., Tokyo, Japan) (40 × objective lens). To determine a semi- 
quantitative score, we evaluated the images using the color deconvo-
lution tool on the Image J software (NIH, USA). The categorization of 
pixels was performed as previously described Chatterjee et al. (2013) as 
high positive (3+), positive (2+), low positive (1+), and negative (0). 

Cell apoptosis assay 

HuH7.5 cells (106 cells/well) were treated with TC-IC50 (23.66 µM ±
0.02) for 48 h. After this treatment period, the cell suspension was 
washed with PBS and 50 μl of Annexin V, and a dead cell kit (Millipore, 

Billerica, MA, USA) was added for 20 min at room temperature to 
determine apoptosis. Samples were analyzed using a flow cytometer 
Muse Cell Analyzer (Muse® Cell Analyzer, Merk Millipore) and the re-
sults were analyzed using the Muse Cell Analyzer™ software. 

Statistical analysis 

Statistical differences were obtained after analysis of variance 
(ANOVA), followed by the Tukey test for multiple comparisons using 
GraphPad Prism 6.01 for Windows (GraphPad Software, San Diego 
California, USA). Data were expressed as mean ± standard error of the 
mean (SEM) and were considered significant differences upon p-value ≤
0.05. Values were also categorized as: * (p ≤ 0.05); ** (p ≤ 0.01); *** (p 
≤ 0.001); **** (p ≤ 0.0001). 

Results 

Antiproliferative effect on cell HuH7.5 and lower metastatic capacity with 
TC 

In order to investigate the cytotoxic effect of TC against HCC HuH7.5 
cells, we performed an MTT assay and found that cell viability of the 
HuH7.5 line treated with TC (12.5; 25; 50 and 100 μM) decreased 
significantly (p ≤ 0.0001) at all times tested regarding the control 
(Fig. 2A, B). At 24 h, higher doses of TC (25; 50 and 100 μM) were more 
effective as an antiproliferative agent on tumor cells than the positive 
control (Doxo 25 μM) (p ≤ 0.0001). In addition, the concentration of 
100 µM reduced cell viability in 65.2% in relation to the control, proving 
the most effective of the tested concentrations (Fig. 2A). TC concentra-
tions (25 and 50 μM) did not differ from each other, reducing cell pro-
liferation in 39.8 and 45.6%, respectively (Fig. 2A). When assessing the 
effect of TC at 48 h of treatment, we verified a dose- and time-dependent 
effect at about 24 h, significantly reducing cell viability in 22.6, 64.4, 
77.7, 88.6% when treated with TC-concentrations of 12.5, 25, 50 and 
100 μM, respectively (Fig. 2B) (Table 1). 

At 48 h, there was no significant difference between TC treatment at 
concentrations 50 and 100 μM and positive control, Doxo 25 μM 
(Fig. 2B). Subsequently, we determined the IC50 of TC on HuH7.5 cells 
and, the results showed the IC50 were 53 μM (± 0.04) and 23.66 μM (±
0.02) for 24 h and 48 h, respectively. Thus, as the results were time- 
dependent, we proceeded with the remaining experiments by applying 
the concentration of 23.66 µM at the time of 48 h (Table 1), and also 
because the replicative period of liver tumor cells is 14 to 48 h and 
mitotic peak at 48 h (Bonakdar et al., 2017). In addition, even regarding 
the cytotoxicity properties, it is worth mentioning that the 
TC-concentrations tested had no hemolytic effect on erythrocytes (data 
not shown). 

In order to confirm the results from the MTT assay, we counted the 
number of viable cells by applying the trypan blue exclusion method. 
After 48 h of the HuH7.5 cell TC-IC50 treatment, we found that the TC 
treatment showed a cytotoxic effect that reduced 51.3% of the number 
of viable cells comparing with the control (p ≤ 0.0001) – as illustrated in 
the representative image (Fig. 2D). 

Understanding that the ability of tissue migration and invasion is a 
hallmark of malignant tumor cells, we also analyzed whether the met-
astatic capacity of the HuH7.5 cell was altered by the TC treatment or by 
the cell migration assay. The results showed that the control group cells 
presented a wound closure capacity after 12 - 48 h of culture (Fig 3A, B). 
TC-IC50 significantly inhibited this metastatic capacity of HuH7.5. After 
12 h, only 1% of wound closure occurs, and at 24 h and 48 h, the dis-
tance reduction was significantly lower than in the control, reaching 
only 39.5% and 26.6% of wound closure, respectively (Fig 3A, B). 

According to these findings, the in vitro TC treatment showed a direct 
cytotoxic effect on HCC HuH7.5 reducing the main characteristics of 
cancer cells, cell proliferation, as well as the ability of migration and 
invasion of this cell line. 
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TC alters early ROS levels and promotes mitochondrial membrane 
depolarization 

As in vitro treatment with TC has shown to have a direct effect on the 
HuH7.5 line, we sought to investigate its activity on these tumor cells. 
Initially, we verified whether the compound alters the levels of ROS. 
HuH7.5 cell TC-IC50 treatment resulted in a higher early ROS production 
(four hours of treatment) comparing with the control group (p ≤ 0.005) 
(Fig. 4A). After 48 h of treatment, despite a tendency for ROS production 
in treated cells, it proved not significant in relation to the control group 
(Fig. 4B). 

It is known that significantly higher ROS can result in direct damage 
to mitochondria leading to changes in the functioning of this organelle. 

Fig. 2. Analysis of cell viability in the HCC HuH7.5 cell line. Treatment of HuH7.5 cells using TC at the concentrations of 12.5; 25; 50; 100 µM for 24 h (A) and 48 h 
(B) analyzed through MTT viability assay, trypan blue counting at 48 h (C), and quantification through image microscopy (D). Control (cells with DMEM medium), 
vehicle (0.01% DMSO), and Doxo (25 µM) (positive control). The values represent the mean ± SEM of three different experiments performed in triplicate. **** 
Significant difference from control (p ≤ 0.0001). ## Significant difference in relation to the positive control (p ≤ 0.01) and #### (p ≤ 0.0001). 

Table 1 
Detailed statistical analysis between the treatments and determination of 50% 
inhibitory concentration of trans-chalcone (TC-IC50).  

TC [µM] 24 h 48 h 

12.5 a (p = 0.0001) a (p = 0.0001) 
25 b (p = 0.0001) b (p = 0.0001) 
50 b (p = 0.0001) c (p = 0.005) 
100 c (p = 0.0001) d (p = 0.01) 
IC50 (± SEM) 53 (± 0.04) 23.66 (± 0.02) 

TC: trans-chalcone; µM: micromolar; h: hour; IC50: 50% inhibitory concentra-
tion; SEM: stander error mean. 
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Therefore, we assessed the integrity of mitochondrial functioning by 
analyzing mitochondrial membrane potential through TMRE staining, 
which complexes with active mitochondria, since the significant loss of 
∆Ψm renders exhausted cells with subsequent death. After 48 h of the 
HuH7.5 cell TC-IC50 treatment, we found a reduction in the fluorescence 
intensity of the TMRE comparing with the control group in HuH7.5 (p ≤
0.001) (Fig. 4C), indicating loss of mitochondrial potential membrane 
similar to a positive control (CCCP treatment). 

TC induces cell cycle arrest in the G0/G1 phase, increases p53 protein and 
decreases β-catenin levels in HuH7.5 cells 

Additionally, we determined the distribution of HuH7.5 cells treated 
with TC-IC50 at different stages of the cell cycle. Our findings showed 
that TC treatment results in changes in the percentage of cells according 
to the phases in the cell cycle. HuH7.5 cell TC-IC50 treatment increased 
the percentage of G0/G1 phases cells (p ≤ 0.01) and reduced the per-
centage of cells in S (p ≤ 0.05) and G2/M (p ≤ 0.01) phase when 
compared with the untreated cells (Fig. 5A, B). Taken together, these 
results demonstrated that TC induced the G0/G1 cell cycle arrest, 
consequently reducing the progression to cell division. 

To verify the presence of proteins involved in tumorigenesis, we 
performed immunocytochemical markings of p53 and β-catenin on 
HuH7.5 cells. p53 is a tumor-suppressor gene that is mutated at codon 
220 (Y220C) in HuH7-derived cell line, crucial to oncogenic cell activity 
(Zhao et al., 2018). Our results showed that control cells did not pre-
sented p53 labeling, however, TC-IC50 treatment restored p53 expres-
sion by significantly increasing the nuclear and cytoplasmic labeling of 

the protein (p ≤ 0.01) (Fig. 5C), reestablishing the control phenotype in 
which DNA binding capacity to p53 had been strongly suppressed. We 
also assessed the Wnt/β-catenin pathway, which is mutated in HuH7.5 
resulting in the activation of oncogenes, such as cyclin D1 and c-Myc. 
Results showed the occurrence of higher β-catenin labeling in untreated 
cells, which is suppressed by the TC-IC50 treatment (p ≤ 0.01) (Fig. 5D). 

These data suggested that HuH7.5 cell TC-IC50 treatment can effec-
tively and significantly reverse activated/inactivated genes involved in 
the tumor mechanism. 

TC induces autophagy process resulting in cell death 

We also conducted apoptosis and autophagy analyses on these cells 
seeking to elucidate the possible mechanisms of death exerted by TC 
against the HuH7.5 cell line. Even though autophagy generally functions 
as a cell survival mechanism, the autophagic response to p53 activation 
has demonstrated important for p53-mediated cell death. 

By marking autophagic vacuoles through MDC, we found that after 
48 h of TC-IC50 treatment, autophagic vacuole formation increased in 
relation to the untreated control (p ≤ 0.01) (Fig. 6A). In turn, the 
assessment the phosphatidylserine (PS) expression as an apoptotic 
marker revealed that the TC-IC50 treatment did not alter PS expression 
after 48 h of treatment (Fig. 6B). 

Discussion 

Given the lack of effective therapies for human HCC, especially at the 
advanced stages of the disease, it is particularly important to find 

Fig. 3. Treatment with TC-IC50 inhibited HuH7.5 cell migration. Scratch assay was performed to observe the effect of treatment on cell migration over time (0, 12, 
24 and 48 h) (A) and the distance from the free area of these treated cells (B) was quantified. The values represent the mean ± SEM of three different experiments 
performed in triplicate. Significant difference from **** (p ≤ 0.0001) vs. control. 
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improved therapeutic strategies for HCC. Therefore, several studies have 
focused on the discovery and development of new drugs based on nat-
ural products (Rayan et al., 2017). In this context, TC, a natural product 
that has already confirmed its antiproliferative properties in other types 
of tumor cells emerges as a potential compound in the treatment of liver 
tumor cell lines. 

In this sense, our study sought to elucidate new perspectives of the 
TC- action mechanism against the in vitro human HCC HuH7.5 cell line. 
Data showed an effective TC-cytotoxic action in a dose- and time- 
dependent manner at low micromolar concentrations without causing 
toxicity to non-cancerous cells such as erythrocytes. TC treatment 
caused mitochondrial membrane damage, affecting the expression of 
tumor suppressor gene (p-53) and tumor developmental pathway 
(β-catenin) inducing cell death by autophagy. In addition, TC decreased 
HuH7.5 metastatic capacity affecting the migration/invasion capacity 
and the cell division progression of this cell type. 

Anticancer activity of most natural products often acts by regulating 
the immune function, inducing apoptosis or autophagy, or inhibiting 
cell proliferation (reviewed in Rayan et al., 2017). Regarding the TC 

antitumor activity, some reports reveal the antiproliferative activity of 
TC against several different human tumor cell lines, such as T24 and 
HT-1376 (bladder cancer) (Shen et al., 2007), endometrial carcinoma 
Ishikawa lineage, MCF-7 and MDA-MD-231 (breast cancer) (Bortolotto 
et al., 2017; Mateeva et al., 2017), U2OS and SJSA-1 (osteosarcoma 
cells), HCT-116 (colon carcinoma), FaDu (epithelial cell line) (Silva 
et al., 2018, 2016), and 3T3 (murine fibroblasts) (Bortolotto et al., 
2017). However, the literature brings no reports regarding the effect of 
TC on HuH7.5 cell lines. 

This antiproliferative effect of TC was mainly found in the inhibition 
of the nuclear factor kappa B (Nf-κB) and upregulation of the tumor 
suppressor p53 gene (Bortolotto et al., 2017; Shen et al., 2007; Silva 
et al., 2018, 2016). It is well known that the p53 protein induces the p21 
expression, which binds to cyclin E/Cdk2 and cyclin D/Cdk4 complexes 
to cause G1 arrest in the cell cycle, culminating in the regulation of 
apoptosis and autophagy (Chen, 2016). Corroborating with these data, 
such alterations on cell cycle were observed in our work. 

While containing many mutations, as well as insertion or deletion of 
bases in the cell genome, it is worth observing that HuH7 cells also have 

Fig. 4. ROS production and mitochondrial depolarization in HuH7.5 cells after treatment with TC-IC50 (23.66 µM). Cells were stained with H2DCFDA probe and 
analyzed at 4 h (A) and 48 h (B) to determine ROS levels. TMRE assay for fluorimetric analysis of the ∆Ψm after 48 h (C). H2O2 and CCCP as positive controls. The 
values represent the mean ± SEM of three different experiments performed in triplicate. ** Significant difference from control (p ≤ 0.01), *** (p ≤ 0.001) and **** (p 
≤ 0.0001). 
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TC induces cell cycle arrest in G0/G1 and increases the staining of β-catenin and p53 proteins. HuH7.5 cells were treated with TC-IC50 (23.66 µM) for 24 h and the cell 
cycle distribution by flow cytometry were plotted (A). Quantitative analyses of cells at different stages of the cell cycle were evaluated in 24 h (B). Immunocyto-
chemical assay, after nuclear staining of proteins p53 (C) and β-catenin (D) were evaluated after 48 h of treatment. Immunocytochemistry score was classified as high 
positive (3+), positive (2+), low positive (1+) and negative (0). The values represent the mean ± SEM of three different experiments performed in triplicate. * 
Significant difference in control (p ≤ 0.01) and ** (p ≤ 0.001). 
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somatic mutations, such as in the p53 cell cycle (Zhao et al., 2018). 
Cagatay and Ozturk (2002) also showed a perfect correlation between 
p53 gene mutation and aberrant accumulation of β-catenin protein in 
the HuH7 cell line. 

In this context, our results demonstrated to have repaired the p53 
pathway in which the HuH7.5 TC-IC50 treatment enhanced the levels of 
p53, thus corroborating with (Silva et al., 2018, 2016), a study that 
found that the rescue of p53 activity in mutant p53 cancer cells induced 
the regression of U2OS, SJSA-1, HCT-116, and FaDu cell lines. In addi-
tion, we observed β-catenin suppression in the TC-IC50 treatment, which 
represents the first report on the action of TC on the Wnt/β-catenin 
pathway, generally overactivated under pathological conditions such as 
HCC (Inagawa et al., 2002). 

Interestingly, our data showed that the HuH7.5 treatment with TC- 
IC50 did not induce apoptosis, a cell death often associated with high p53 
expression over the period assessed (Chen, 2016). However, the 

upregulation of p53 and Wnt/β-catenin pathway has already been 
shown to be associated with autophagy, a process known as cellular 
recycling through the formation of autophagic vacuoles that allow 
programmed protein degradation and organelle turnover that contribute 
to the maintenance of cellular homeostasis (Moulder et al., 2018; 
Rabinowitz and White, 2010). 

The role of autophagy in HCC remains controversial, as interference 
with the autophagic mechanism may promote or interrupt tumorigen-
esis (Mrakovcic and Fröhlich, 2018). Sun et al. (2013) showed that the 
role of autophagy in the occurrence and development of HCC is 
dependent on the context of liver cells. During the dysplastic phase in 
hepatocytes, basal autophagy acts as a suppressive tumor by removing 
newly damaged mitochondria and mutated cells, thus maintaining 
genomic stability. However, once a tumor is established, unbalanced 
autophagy will contribute to HCC cell survival under various stress 
conditions, in turn, promoting tumor growth. 

Although autophagy is a physiological process with an inconclusive 
role in liver cancer, such phenomenon may be part of the events that 
result in autophagic cell death, type II programmed cell death, a form of 
non-apoptotic cell death mechanism (Scarlatti et al., 2009). Recently, 
Martins et al. (2019) showed that the autophagy process, once associ-
ated with parallel damage in mitochondria and lysosomes, is an efficient 
way to induce cell death by autophagy. Our data corroborate this work 
by showing that HuH7.5 TC-IC50 treatment generated an early produc-
tion of ROS and mitochondrial damage through the mitochondrial 
membrane depolarization resulting in high and efficient cell death, 
which was verified by its cytotoxic effect through a trypan blue assay. 

Mitochondrial depolarization caused by the TC treatment resulted in 
the loss of organelle integrity. Mitochondria are known to be hyper-
polarized in tumors and modulate various biological functions, such as 
proliferation, differentiation, invasion, and metastasis (Zhang et al., 
2019). Cancer metastasis is a complex process of cell spreading, which 
can be divided into migration, invasion, intravasation, survival in the 
circulation, extravasation, and metastatic colonization (Hanahan and 
Weinberg, 2000; Mina and Sledge, 2011). Migration and invasion 
represent the crucial steps for metastasis to be successful (Harlozinska, 
2005). Our data suggested that TC-IC50 treatment affected the ability of 
migration and invasion of HuH7.5 cells and may be a promising 
candidate for anti-metastasis use. 

Conclusion 

In conclusion, this work provided new insights on the in vitro TC- 
activity in human HCC HuH7.5 tumor cell line as a potential molecule 
for the development of new therapies to repair the p53 pathway and 
prevent the overexpression of Wnt/β-catenin tumor development 
pathway, inducing cell cycle arrest in G0/G1 and autophagy cell death, 
decreasing the metastatic capacity of HuH7.5 cell line. 

Taken together, our findings indicate that TC is a molecule to be 
investigated in further studies on anti-metastasis and antitumor activ-
ities in human hepatocellular carcinoma and can become a lead mole-
cule for the design of new prototypes of more potent and selective 
antitumor compounds. 
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