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Abstract: Scutellarein (SCU) is a well-known flavone with a broad range of biological activities
against several cancers. Human hepatocellular carcinoma (HCC) is major cancer type due to its poor
prognosis even after treatment with chemotherapeutic drugs, which causes a variety of side effects in
patients. Therefore, efforts have been made to develop effective biomarkers in the treatment of HCC
in order to improve therapeutic outcomes using natural based agents. The current study used SCU as
a treatment approach against HCC using the HepG2 cell line. Based on the cell viability assessment
up to a 200 uM concentration of SCU, three low-toxic concentrations of (25, 50, and 100) uM were
adopted for further investigation. SCU induced cell cycle arrest at the G2/M phase and inhibited
cell migration and proliferation in HepG2 cells in a dose-dependent manner. Furthermore, increased
PTEN expression by SCU led to the subsequent downregulation of PI3K/Akt/NF-kB signaling
pathway related proteins. In addition, SCU regulated the metastasis with EMT and migration-related
proteins in HepG2 cells. In summary, SCU inhibits cell proliferation and metastasis in HepG2 cells
through PI3K/Akt/NF-«B signaling by upregulation of PTEN, suggesting that SCU might be used
as a potential agent for HCC therapy.

Keywords: scutellarein; proliferation; metastasis; PTEN; PI3K/Akt/NF-«B; EMT

1. Introduction

Liver cancer is a common malignant tumor and a leading cause of death worldwide.
According to the 2020 GLOBOCAN, approximately 905,677 new cases and an estimated
830,180 liver cancer-related deaths annually, making it the sixth leading cause of cancer
death, occurred worldwide in 2020. About 90% of primary liver cancers are human hepato-
cellular carcinoma (HCC) [1]. Despite clinical advancement, significant issues exist with the
high rate of postsurgical recurrence and intrahepatic/extrahepatic metastases [2]. Current
options for the treatment of HCC are chemotherapy, radiotherapy, and surgery, which
largely depend upon the tumor size and stage of tumor severity. However, each therapy
has serious adverse effects, while a satisfactory therapeutic effect achieved by combined
therapy increases the side effects. Therefore, it is essential to find a complementary option
with better efficacy and fewer side effects for HCC [3].

One of the efficient means is to discover effective biomarkers and potential thera-
peutic agents to increase the treatment outcome of HCC. The recent advances in selective
anticancer therapeutics have mainly focused on oncogenes and tumor promoters, most
often in the form of kinase inhibitors [4]. It has become more difficult to devise traditional
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anticancer therapeutics aimed at tumor suppressor loss. Even now, most phosphatase and
tensin homolog (PTEN)-deficient cancer targeting methods use kinase inhibitors that lie at
phosphatidylinositol-3 kinase (PI3K) or downstream levels [5]. In multiple tumor types,
such as liver, pancreatic, breast, and bladder cancers, PTEN expression has decreased, and
is highly involved in the regulation of tumor suppressors that downregulate the signaling
of Akt (protein kinase B) by reducing the release of PI3K to the cell membrane [6].

Many studies have confirmed that the PI3K/ Akt pathway is an important signaling
pathway that regulates cell apoptosis, metabolism, proliferation, and growth [7]. In addi-
tion, in tumor development, the PI3K/ Akt pathway plays a significant central role, and is
closely associated with other pathways that regulate a wide range of biological processes
related to tumors [8]. A lung cancer study revealed that the PI3K pathway regulated
the activation of many Akt downstream substrates, such as nuclear factor-«B (NF-kB);
facilitated cell proliferation, and improved chemotherapeutic drug tolerance [9]. NF-«B is
one of the key molecules involved in metastasis in a wide number of molecular signaling
pathways that are associated with epithelial-mesenchymal transition (EMT) [10].

EMT is a crucial tumor invasion and metastasis process. These changes increase tumor
cell proliferation, and metastasis [11]. The active phosphorylated NF-kB in the nucleus
will bind through chromatin to the promoter region of the Snail-1« gene, which becomes
the upstream activator of Snail-1c [12]. Snail is a transcription factor that can induce the
development of EMT, which in several tumors is significantly upregulated, and inhibits
E-cadherin expression [13]. E-cadherin expression reduction and deletion can contribute
to the disappearance of cell polarity and reduction in cell adhesion, and is an essential
marker of EMT processes [14]. E-cadherin expression is negatively associated with tumor
invasiveness, and epithelial cell polarity disappearance has resulted from an increase
in the expression of mesenchymal cell markers N-cadherin and Snail. Thus, E-cadherin
expression contributes to the occurrence of EMT processes, and promotes the initiation of
metastasis [15]. Furthermore, the invasion capability of tumor cells has been strengthened.
The tumor becomes vulnerable to distant metastasis, and showed an increased extent of
tumor invasion [16].

In metastasis, the essential proteolytic enzymes involved in the degradation of the
extracellular matrix (ECM) and basement membrane are the matrix metalloproteinases
(MMPs). Their structure, function, and regulatory levels are intimately linked to play an
important role in cancer metastasis [17]. Cancer chemoprevention is the use of agents
that delay or inhibit the process of proliferation and metastasis, intended to reduce the
possibility of invasion or clinically relevant disease development. Numerous studies have
suggested that flavonoids have chemo-preventive properties [18,19].

Scutellarein (SCU) (5,6,7,4’-tetrahydroxyflavone) (Figure 1a), a flavone found in the
perennial herb Scutellaria baicalensis, has a wide range of biological functions [20]. The
elevated bioavailability of SCU has been attributed to its enhanced solubility, when
compared to scutellarin (40,5,6-trihydroxyfl avone-7-glucuronide). In addition, SCU is
absorbed mainly in the form of its hydrolyzed counterpart, which is more active than
scutellarin [21]. Reported studies demonstrated the significant anticancer effect of SCU in
HCC cell lines [22,23]. In this study, we investigate the cell proliferation and metastasis
inhibitory effects on SCU and their underlying molecular mechanism in HepG2 cells. Thus,
our study suggests flavonoid SCU can be potentially used for its anticancer effect through
the inhibition of the PI3K/Akt/NF-kB signaling pathway by the upregulation of PTEN in
HepG2 cells.
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Figure 1. The chemical structure of scutellarein (SCU) and the effect of SCU treatment in HCC cell lines and HaCaT cells.
(a) Structure of SCU. (b) Cell viability was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay with SCU (0, 25, 50, 100, 150, and 200 pM) for 48 h in HaCaT cells. (c) Cell viability was measured by MTT
assay with SCU (0, 25, 50, 100, 150, and 200 uM) for 24 and 48 h in HepG2 cells. (d) Cell viability was measured by MTT
assay with SCU (0, 25, 50, 100, 150, and 200 pM) for 24 and 48 h in Huh-7 cells. The results obtained from three independent
experiments were expressed as mean =+ standard deviation (SD) compared with the control group. ** p < 0.01, *** p < 0.001.

2. Results
2.1. Scutellarein (SCU) Inhibits Cell Viability in Human Hepatocellular Carcinoma (HCC) Cell
Lines and HaCaT Cells

SCU treatment in human normal keratinocyte HaCaT cells did not affect at 25, 50,
and 100 pM for 48 h (Figure 1b). HCC cell lines HepG2 and Huh-7 cells were treated
with or without different concentrations of SCU of (0, 25, 50, 100, 150, and 200) uM
for (24 and 48) h. Figure 1c, shows that SCU exhibited almost no cell death in HepG2
cells. Whereas, in Huh-7 cells significantly decreased the cell viability in a dose and time
dependent manner (Figure 1d). These results suggest that concentrations of (25, 50, and
100) uM at 48 h were of low toxicity in HepG2 cells, therefore those doses and time were
used for subsequent experiments.

2.2. SCU Inhibits Cell Migration and Proliferation in HepG2 Cells

To confirm the inhibitory effects of SCU, cells were treated with the indicated concen-
trations of (0, 25, 50, and 100) uM for 48 h. Inhibition of cell migration was confirmed by
wound healing assay. Figure 2a shows that SCU significantly inhibited the cell migration
of marginal cells in a concentration-dependent manner. Similarly, the results of cell prolif-
eration were measured by colony formation assay, which showed that SCU significantly
decreased the number of colonies in a concentration-dependent manner (Figure 2b).
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Figure 2. Effect of SCU on HepG2 cell migration and proliferation. (a) Wound-healing assay measured the migration
ability changes. Cells were treated with SCU (0, 25, 50, and 100 uM) for 48 h. (b) Colony formation assay measured
antiproliferation effect. Cells were treated with SCU (0, 25, 50, and 100 uM) for 2 weeks. The results obtain from three
independent experiments were expressed as mean = standard deviation (SD) compared with the control group. *** p < 0.001.

2.3. SCU Induces G2/M Phase Cell Cycle Arrest in HepG2 Cells

To investigate the mechanism of cell cycle arrest by SCU in HepG2 cells we used flow
cytometry analysis. The cells were treated with SCU at the indicated concentrations of
(0, 25, 50, and 100) uM for 48 h, followed by staining with propidium iodide (PI) and cell
cycle distribution analysis. Figure 3a shows that SCU increased the percentage of G2/M
phase fraction. Further, we measured the expression levels of the G2/M-related proteins by
immunoblotting. From this, it was found that SCU induced G2/M phase arrest in HepG2
cells (Figure 3b).

2.4. SCU Induces PTEN Expression in HepG2 Cells and Validation of SCU Binding with PTEN
Using In Silico Molecular Docking Analysis

To determine whether the induction of PTEN was associated with the treatment of
SCU and PTEN, the protein level was analyzed by immunoblotting. The cells were treated
with SCU at the indicated concentrations of (0, 25, 50, and 100) uM for 48 h. Figure 4a
shows that SCU-treated cells significantly increased the expression of PTEN. Several
proteins have been involved in the negative regulation of PI3K activation [24]. Among
these, PTEN is the most crucial negative regulator of the PI3K signaling pathway [25].
Therefore, to confirm the activation of PTEN by SCU in HepG2 cells, we performed an
inhibitor assay. The cells were treated with or without 80 pM of PTEN inhibitor SF1670
and 100 uM of SCU for 48 h. The results revealed that SCU significantly upregulated the
protein expression of PTEN, and the activity of SCU was higher than that of the PTEN
inhibitor (Figure 4b). Consistently, immunofluorescence assay also demonstrated the
markedly increased expression of PTEN due to SCU treatment (Figure 4c). To support the
interaction of PTEN with SCU, we performed in silico molecular docking, and compared
the binding affinity of the complex to a reference PTEN activator simvastatin (SIM). The
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protein structure of PTEN with the ligands SCU and SIM was subjected to ligand protein
docking using UCSF Chimera software (https://www.cgl.ucsf.edu/chimera/, accessed
on 10 August 2021). Figure 5a,b represent the results, which show the bound complex of
SCU and SIM with PTEN. The molecular dock score revealed the binding affinity with
an estimated free energy of —6.5 kcal/mol by SIM, followed by comparably higher free
energy of —8.4 kcal/mol by SCU. In addition, the interacting amino acid residues involved
in the bound complex of PTEN with SCU were found to be TYR16, THR160, ASP92, HIS93,
ARG130, LYS128, GLN171, and ILE168. Whereas the PTEN with SIM complex includes
ILE28, CYS136, PHE154, GLU150, and VAL158. The obtained results of docking suggest
that SCU shows a higher binding affinity with PTEN, compared to the reference activator
SIM. Overall, our findings indicate that SCU as a PTEN activator and may be useful in
treatment option in HCC.
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Figure 3. Effect of SCU on cell cycle progression in HepG2 cells. (a) SCU induces HepG2 cell G2/M cell cycle arrest. Cells
were treated with SCU (0, 25, 50, and 100 uM) for 48 h and the cell cycle was detected by flow cytometry. (b) Cdc25c,
cdkl, and cyclin B1 levels were quantified. The results obtained from three independent experiments were expressed as
mean =+ standard deviation (SD) compared with the control group. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure 4. Effect of SCU on PTEN expression in HepG2 cells. (a) SCU induces PTEN protein level
in HepG2 cells. Cells were treated with SCU (0, 25, 50, and 100 uM) for 48 h. (b) Effect of PTEN
inhibitor and SCU-induced PTEN level in HepG2 cells. Cells were treated with or without 80 M of
PTEN inhibitor: SF1670 and 100 uM of SCU for 48 h. (c) Representative immunofluorescence image
images of expression of PTEN were evaluated at 0 and 100 uM (scale bars = 100 um). The results
obtained from three independent experiments were expressed as mean =+ standard deviation (SD)
compared with the control group. * p < 0.05.

2.5. SCU Suppresses the PI3K/Akt/NF-xB Signaling Pathway in HepG2 Cells

To investigate whether the PI3K/Akt/NF-«B pathway was involved in the inhibition
of cell proliferation effects of SCU, the cells were treated with SCU at the indicated concen-
trations of (0, 25, 50, and 100) uM for 48 h. The immunoblotting data showed that the SCU
significantly downregulated protein expressions of p-PI3K, p-Akt, and p-IkB-« (Figure 6).
In addition, to confirm the effect of SCU on PI3K inhibition, examinations were performed
with or without 20 uM of PI3K inhibitor: LY294002 and 100 uM of SCU for 48 h. The result
revealed that SCU significantly downregulated the protein expressions of p-PI3K, p-Akt,
and p-IkB-« similar to LY294002 (Figure 7). Taken together, these data suggest that SCU
suppresses the PI3K/Akt/NF-«B signaling pathway in HepG2 cells.
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Figure 5. In silico molecular docking analysis of the ligands SCU and simvastatin (SIM) with target
PTEN. (a) The 3D structure of PTEN bound efficiently with compound SCU with its interacting
amino acids TYR16, THR160, ASP92, HIS93, ARG130, LYS128, GLN171, and ILE168. (b) The 3D
structure of PTEN bound efficiently with the known activator compound SIM with its interacting
amino acids ILE28, CYS136, PHE154, GLU150, and VAL158.
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Figure 6. Effect of SCU on PI3K/Akt/NF-«B signaling pathway in HepG2 cells. SCU suppresses
p-PI3K, p-Akt, and p-IkB-o levels in HepG2 cells. Cells were treated with SCU (0, 25, 50, and
100 uM) for 48 h. The results obtained from three independent experiments were expressed as
mean = standard deviation (SD) compared with the control group. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure 7. Inhibitory effect on PI3K/Akt/NF-«B signaling pathway in HepG2 cells. Effect of PI3K
inhibitor and SCU-induced inhibition of p-PI3K, p-Akt, and p-IkB-« levels in HepG2 cells. Cells were
treated with or without 20 uM of PI3K inhibitor: LY294002 and 100 uM of SCU for 48 h. The results
obtained from three independent experiments were expressed as mean =+ standard deviation (SD)
compared with the control group. * p < 0.05, ** p < 0.01, *** p < 0.001.

2.6. SCU Inhibits the Activity of EMT Markers and Migration-Related Proteins in HepG2 Cells

To verify the migration and invasion inhibitory effect of SCU, we performed ex-
periments to investigate the epithelial-to-mesenchymal transition (EMT) markers and
migration-related proteins. We assessed the expression levels of EMT-related proteins
(E-cadherin, N-cadherin, and Snail) and migration-related proteins (TIMP2, MMP-2, and
MMP-9) by immunoblotting. The cells were treated with SCU at the indicated concen-
trations of (0, 25, 50, and 100) uM for 48 h. Figure 8a shows that SCU upregulated the
expression of E-cadherin, whereas N-cadherin and Snail were downregulated, respectively.
Moreover, SCU induced the extracellular inhibitor of MMPs: TIMP2, but downregulated
MMP-2 and MMP-9 in a dose-dependent manner (Figure 8b). These findings indicate
that SCU inhibits HepG2 cell metastasis through the regulation of EMT markers and
migration-related proteins.
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Figure 8. Effect of SCU on EMT markers and migration-related proteins in HepG2 cells. (a) SCU induces EMT-related
proteins E-cadherin and suppresses N-cadherin and Snail levels in HepG2 cells. Cells were treated with SCU (0, 25, 50,
and 100 pM) for 48 h. (b) SCU induces extracellular inhibitor of MMPs: TIMP2 and suppresses migration-related proteins
MMP-2 and MMP-9 levels in HepG2 cells. The results obtained from three independent experiments were expressed as
mean = standard deviation (SD) compared with the control group. * p < 0.05, ** p < 0.01, *** p < 0.001.

3. Discussion

Chemotherapy represents the world’s oldest method of medicine. Two-thirds of the
world’s population were estimated to resort to medicinal plants originating from folk
medicine [26]. There are at least 250,000 plant species, of which more than 1000 plants have
been found to have effective anticancer properties [27]. Representatively, plant-derived
compounds, such as vincristine, irinotecan, etoposide, and paclitaxel, are being used to
treat cancer [28]. While several molecules acquired from nature have worked wonders,
there are numerous molecules that medicinal chemists still need to trap or analyze in
depth. In the treatment of cancer, plant-based drugs have also found important roles, and
the mechanism of association between diverse phytochemicals and cancer cells is being
extensively studied [27]. The antiproliferation effect of one compound is linked to several
variables, which include cell type, cell sensitivity, cell density seeded in the plates, time of
treatment, and concentration of reagents used in the experiment [29].

In this study, we first confirmed the antimigration and antiproliferation effect of
scutellarein (SCU) on human hepatocellular carcinoma (HCC) cells. SCU significantly
suppressed the cell migration and proliferation in HepG2 cells. The fate of normal liver
tissue depends upon the balance between replication and apoptosis. In normal liver tissue,
the balance between cell replication and apoptosis is maintained; however, in precan-
cerous and cancerous tissues, this balance is disrupted [30]. Furthermore, the cell cycle
transition is a potential target for cancer diagnosis and treatment [31]. In this context,
we explored whether SCU was able to affect cell proliferation by targeting the cyclin and
cyclin-dependent kinase (cdk) that regulates each phase of the cell cycle, as another po-
tential function of the preventive action of the flavonoid [32]. The findings showed that
SCU induced an accumulation of G2/M phase fraction and decreased the related proteins,
indicating a major impact on G2/M arrest. Mitosis initiation is regulated by the activation
of the cyclin B/cdkl complex, as is widely recognized, so decreased levels of cyclin Bl
protein will induce G2 arrest, and the inhibition of cyclin Bl transcription triggers cell cycle
arrest [33]. In addition, Cdc2/cyclin B was the first kinase reported to phosphorylate and
activate Cdc25c in vitro [34].

Recent development has mostly focused on oncogenes and tumor promoters, most
generally in the form of kinase inhibitors, in selective anticancer therapeutic strategies.
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Traditionally, the development of anticancer therapy aimed at the loss of tumor suppressors
has become more complex. Phosphatase and tensin homolog (PTEN) lead to tumor sup-
pression, emphasizing the intricacy of strategies to therapeutically target PTEN-deficient
tumors. For the treatment of patients with PTEN-deficient tumors, several medications are
currently under clinical trials [35]. Knowledge of drug sensitivity gained from preclinical
trials has been partly validated in the clinic. The important tumor suppressing properties
of PTEN are as a lipid phosphatase, which antagonizes phosphatidylinositol 3-kinase
signaling (PI3K) [36]. Even now, most PTEN-deficient cancer targeting strategies use kinase
inhibitors that lie at PI3K or downstream levels [5].

In a major signaling cascade, PI3K is a crucial node that controls cancer cell growth,
survival, and metabolism. In addition, intracellular localization plays a significant role
in controlling the function of PTEN [37]. Several research results have suggested that the
PI3K/ Akt (protein kinase B) pathway plays an important role in the regulation of cancer
cell migration. Previous studies revealed that the PI3K/ Akt pathway can upregulate the
secretion of metalloproteinase (MMP)-2 and -9 to enhance the invasion ability of ovarian
cancer cells [38]. According to previous studies, the Akt pathway promotes the migration
of cancer cells via the activation of nuclear factor-kB (NF-«B) by phosphorylating IxB
kinase [39].

In certain cancers, and as a result of chemotherapy, the transcription factor NF-kB is
activated. In the transcriptional activation of genes linked with proliferation, the central
role of NF-«B tends to be metastasis to promote oncogenesis and cancer therapy resistance.
Nevertheless, the existing data are sufficiently promising to consider careful research to
dissect the role of NF-«B in a number of cancers, and to assess the applicability of NF-«B
inhibition as an adjuvant strategy in conventional cancer therapy approaches [40]. Collec-
tively, our findings suggest that SCU upregulates PTEN, and consequently downregulates
PI3K/ Akt and IkB-« expression. Inhibitor assay with PTEN inhibitor SF1670 supports the
suggestion that SCU is a PTEN activator. To the best of our knowledge, PTEN activation in
SCU treated HepG2 cells plays a significant role. In addition, we used LY294002, a specific
inhibitor of PI3K, to confirm whether SCU treatment could inhibit the PI3K signaling
pathways, similar to LY294002. LY294002 is a synthetic PI3K inhibitor based on quercetin, a
flavonoid found in nature that inhibits a wide range of protein kinases [41]. Treatment with
SCU significantly downregulated the expression of PI3K and its downstream proteins.

Cancer metastasis is a complex process involving several executions of downstream
cellular processes, as is well known. Epithelial-mesenchymal transition (EMT) is the cen-
tral cellular process for the progression of metastasis that enables tumor cell migration,
invasion, etc. It could also be a significant tumor growth mechanism [38]. In addition,
the intracellular signaling mediators activated by mitogens were involved in positive
regulation of the EMT processes. During EMT, migration, invasion, and adhesion involve
the switch of the immobile epithelial-like cancer cells to a motile mesenchymal-like phe-
notype [42]. Transcription factors, such as Snail, Slug, and NF-«kB have been reported to
play important roles in controlling EMT. Moreover, Snail is capable of downregulating
E-cadherin expression by binding to E-boxes in the promoter of E-cadherin [43]. As previ-
ous studies have also shown, the molecular mechanism underlying PI3K/Akt mediated
Snail inhibition through GSK-3f3, which is a downstream effector of Akt [44]. Further,
several studies have also shown it to be controlled by NF-kB, as discussed [45]. Our results
also showed that SCU could markedly upregulate the E-cadherin but downregulate the
N-cadherin and Snail protein expressions.

MMPs are regulated at various levels, including transcriptional and posttranslational
mechanisms. MMPs are dependent on inhibition by both the nonspecific proteinase in-
hibitor alpha2-macroglobulin, and specifically, by the tissue inhibitors of metalloproteinase
(TIMP). TIMP-1, TIMP-2, TIMP-3, and TIMP-4 are the four gene products currently iden-
tified in the TIMP family. TIMPs inactivate MMPs by binding to their active sites, and
forming stable MMP-TIMP complexes [46]. In the follow-up exploration, we investigated
the migration-related proteins, such as MMP-2, MMP-9, and TIMP2, a MMPs inhibitor.
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According to our results, SCU is a potent regulator of the EMT processes. Taken together,
our current study shows that SCU could inhibit the PI3K/Akt/NF-«B pathway by up-
regulating the expression of PTEN in vitro, which might explain how SCU inhibits cell
proliferation and metastasis in HepG2 cells (Figure 9).

Epithelial cells Mesenchymal cells
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Figure 9. Schematic representation of the inhibition of HepG2 cell proliferation and metastasis by
SCU. SCU inhibits proliferation and metastasis through suppression of PI3K/Akt/NF-«B signaling
pathway by inducing PTEN and regulating EMT markers and migration-related proteins (E-cadherin,
N-cadherin, Snail, TIMP2, MMP-2, and MMP-9) in HepG2 cells.

4. Materials and Methods
4.1. Chemicals and Reagents

Scutellarein (SCU) was purchased from Chengdu Biopurify Phytochemicals Ltd. (pu-
rity: >98%, Chengdu, Sichuan, China). Human hepatocellular carcinoma (HCC) cell lines
HepG2, Huh-7, and human normal keratinocyte cell line HaCaT were cultured in Dul-
becco’s modified Eagle’s medium (DMEM). DMEMV, fetal bovine serum (FBS), phosphate-
buffered saline (PBS), and antibiotics penicillin/streptomycin (P/S) were purchased from
Gibco (BRL Life Technologies, Grand Island, NY, USA). 3-(4,5-Dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT) was purchased from Duchefa Biochemie (Haarlem,
Netherlands). Giemsa stain was purchased from Sigma-Aldrich Co. (St. Louis, MO, USA).
Antibodies to Cdc25c¢ (cat. No. 4688S), cyclin Bl (cat. No. 4138S), 3-actin (cat. No. 4970S),
PTEN (cat. No. 9559S), Phospho-PI3K (cat. No. 4228S), PI3K (cat. No. 3011S), Phospho-
Akt (cat. No. 4060S), Akt (cat. No. 2920S), Phospho-IkB-a (cat. No. 2859S), IkB-« (cat.
No. 48125), LY294002 (cat. No. 9901S), and Snail (cat. No. 3879S) were purchased from Cell
Signaling Technology (Danvers, MA, USA). Antibodies cdkl1 (cat. No. ab131450), SF1670
(cat. No. ab141303), E-cadherin (cat. No. ab1416), N-cadherin (cat. No. ab76011), TIMP2
(cat. No. ab180630), MMP-2 (cat. No. ab97779), and MMP-9 (cat. No. ab38893) were
obtained from Abcam (Cambridge, England). Horseradish peroxidase (HRP)-conjugated
secondary antibodies to antirabbit (cat. No. A120-101P) and antimouse (cat. No. A90-116P)
were obtained from Bethyl Laboratories, Inc. (Montgomery, AL, USA).
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4.2. Cell Culture and SCU Treatment

HepG2 cells were cultured in DMEM medium containing 10% fetal bovine serum
(FBS), and 1% penicillin/streptomycin (P/S) at 37 °C in a humidified atmosphere of 5%
CO;. SCU was prepared with dimethyl sulfoxide (DMSO), stored at —20 °C, and diluted
to the required concentration with DMEM medium before use. Cells were DMSO-treated
or -untreated with the indicated concentration of SCU for 48 h in a complete medium and
in all experiments, final concentration of DMSO was used below 0.1%.

4.3. Cell Viability Assay

Cell viability was measured using MTT assay. Initially, MTT assay was carried out, for
which HCC HepG2 and Huh-7 cells were seeded into 48-well plates at 5 x 10 cells per well,
followed by treatment at various concentrations of SCU of (0, 25, 50, 100, 150, and 200) uM
for (24 and 48) h. Human normal keratinocyte HaCaT cells were seeded into 48-well plates
at5 x 10* cells per well, followed by treatment at various concentrations of SCU of (0, 25,
50, 100, 150, and 200) uM for 48 h. After incubation, 50 puL of MTT (0.5 mg/mL) solution
was added to each well, and incubated for about 3 h at 37 °C. The formazan precipitate
formed after incubation was dissolved in 300 uL. of DMSO, and the absorbance of the
converted dye was measured at a wavelength of 450 nm by microplate reader (BioTek,
Winooski, VT, USA). Cell viability was expressed as a percentage of proliferation versus
the SCU-untreated group.

4.4. Wound Healing Assay

HepG2 cells were seeded into 6-well plates at 6 x 10° cells per well, incubated
overnight to form a confluent cell monolayer, and crossed vertically with a yellow tip
in the middle of each well. Plates were then washed with PBS to remove the scraped cells.
After treatment with the indicated concentrations of SCU of (0, 25, 50, and 100) uM, they
were incubated for 48 h. The images of the scratches were obtained under microscopy.

4.5. Colony Formation Assay

HepG2 cells were seeded into 6-well plates at 1 x 10* cells per well. The cells were
treated with the indicated concentrations of SCU of (0, 25, 50, and 100) uM, followed by incu-
bation for 14 days. After incubation, the grown colonies were fixed with 4% paraformalde-
hyde for 30 min, then stained with 0.6% Giemsa stain for 30 min, and further washed with
tap water to remove excess stain. The obtained colonies were counted using the Image]
software program (U.S. National Institutes of Health, Bethesda, MD, USA).

4.6. Analysis of Cell Cycle Distribution by Flow Cytometry

Flow cytometry was performed to analyze the cell cycle distribution and cell death.
HepG2 cells were seeded into 60 mm plates at 5 x 10° cells per well, and treated with
the indicated concentrations of SCU of (0, 25, 50, and 100) uM for 48 h. After incubation,
cells were collected, and fixed in 70% ice-cold ethanol for 1 h at —20 °C. The cells were
washed in ice-cold PBS once, then resuspended in 500 uL of PBS containing 50 ug/mL
propidium iodide (PI) (Sigma-Aldrich, St. Louis, MO, USA) and 50 pg/mL RNase A,
followed by incubation in dark conditions for 15 min at room temperature (RT). The cells
were immediately analyzed by flow cytometry with Cytomics FC 500 (Beckman Coulter,
Brea, CA, USA). In each sample, approximately 10,000 cells were sorted. The data obtained
were analyzed using CXP Software (Beckman Coulter, Inc., Fullerton, CA, USA).

4.7. Western Blot Analysis

HepG2 cells were seeded into 60 mm plates at 5 x 10° cells per well, and treated
with the indicated concentrations of SCU of (0, 25, 50, and 100) uM for 48 h. Cells were
lysed using radioimmunoprecipitation assay (RIPA) buffer (iNtRON Biotechnology, Seoul,
Korea) containing phosphatase and protease inhibitor cocktail (Thermo Scientific, Rockford,
IL, USA). Protein concentrations were determined using a Pierce™ BCA assay (Thermo
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Fisher Scientific, Rockford, IL, USA). An equal quantity of protein (10 pg) from each
sample was electrophoresed on (8-15)% SDS-polyacrylamide gels, and transferred to a
polyvinylidene difluoride (PVDF) membrane (ATTO Co., Ltd., Tokyo, Japan), and then the
membrane was incubated with the primary antibodies followed by a conjugated secondary
antibody to peroxidase. The obtained proteins were detected by electrochemiluminescence
(ECL) detection system (Bio-Rad Laboratory, Hercules, CA, USA), and analyzed using
the Image Lab 4.1 (Bio-Rad) program. The densitometry readings of the protein bands
were normalized by comparison with the expression of (3-actin as control, using the Image]
software program (U.S. National Institutes of Health, Bethesda, MD, USA).

4.8. Inhibitor Assay

To investigate the effect of PI3K as an upstream target of PI3K/Akt/NF-«B signaling
pathway on the inhibition of cell proliferation in HepG2 cells by SCU, an inhibitor assay
was performed. HepG2 cells were seeded into 60 mm plates at 5 x 10° cells per well, and
treated with 100 uM of SCU, along with cotreatment of inhibitor LY294002 (a PI3K specific
inhibitor) at 20 uM, followed by 48 h incubation. The protein expressions of p-PI3K, p-Akt,
and p-IkB-a were quantified using Western blot, as described above. To investigate the
activation of PTEN as an important negative regulator of the PI3K signaling pathway in
HepG2 cells by SCU, an inhibitor assay was performed. HepG2 cells were seeded into
60 mm plates at 5 x 10° cells per well, and treated with 100 uM of SCU, along with co-
treatment of inhibitor SF1670 (a PTEN inhibitor) at 80 pM, followed by 48 h incubation.
The protein expression of PTEN was quantified using Western blot, as described above.
The densitometry readings of the protein bands were normalized by comparison with the
expression of 3-actin as control.

4.9. Immunocytochemistry

HepG2 cells were seeded into 6 well plates at 3 x 10° cells per well, and treated
with 100 uM of SCU for 48 h. Cultured cells were washed with PBS, and fixed in 4%
paraformaldehyde for 10 min. Fixed cells were further washed with PBS, and immersed
in 5% normal goat serum for 1 h at RT to block nonspecific reaction. Subsequently, the
cells were incubated with anti-PTEN (cat. No. ab170941, Abcam, Cambridge, England)
overnight at 4 °C. Cells were washed with PBS, and reacted with fluorescein isothiocyanate
(FITC)-labeled goat antirabbit secondary antibody (cat. No. 8889S, Cell Signaling Technol-
ogy, Danvers, MA, USA) for 2 h. Cells were then washed with PBS, and coverslipped with
DAPI (Vector Laboratories, Burlingame, CA, USA) for 10 min. PTEN-positive cells were
observed under fluorescence microscopy (Nikon Corporation Ts2 FL, Tokyo, Japan). PTEN-
positive cell values were evaluated with the percentage of the number of PTEN-positive
cells to the number of DAPI-positive cells.

4.10. Molecular Docking Studies

For the execution of molecular docking, the structure of PTEN was obtained from a
protein data bank (PDB) (https://www.rcsb.org/, accessed on 17 April 2021) with PDB ID
1D5R at high resolution, and the three-dimensional structures of the compound SCU and
simvastatin (5IM) were obtained from PubChem (https://pubchem.ncbi.nlm.nih.gov/,
accessed on 17 April 2021). The protein and ligand were subjected to docking using the
USCF Chimera program, and all the possible conformations were obtained with default
parameters. The results were evaluated based on the estimated free energy of binding and
total intermolecular energy.

4.11. Statistical Analysis

All experimental results were expressed as the mean + standard deviation (SD) of
triplicate samples. Significant differences between groups were calculated by one-way
factorial analysis of variance (ANOVA), followed by a Student’s test, and p < 0.05 was
considered statistically significant. * p < 0.05, ** p < 0.01, *** p < 0.001.
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5. Conclusions

In conclusion, SCU inhibits cell proliferation and metastasis through the PI3K/Akt/NF-
kB signaling pathway by upregulating PTEN in HepG2 cells. This study also provides
evidence of the SCU playing a significant role as a potent activator of PTEN and inhibitor
of PI3K signaling pathways in HepG2 cells. The obtained results may provide new insight
into the molecular mechanism of SCU in HepG2, and may have potential therapeutic strate-
gies for HCC. However, the present study has minor limitations with the use of only one
HCC cell line, and clinical investigations are warranted for immediate human application.

Author Contributions: S.E.H. and G.S.K. and conceived, designed and performed the experiments;
S.E.H. organized focus group discussion, and collected and analyzed all study data; S.M.K., HH.K.
and P.V. performed some experiments; S.E.H. prepared the final manuscript and revised the study
design; P.B.B., ].D.H. and H.].L. participated in focus group discussion, reviewed the study design
and results, and revised the manuscript for publication. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: This study was supported by the National Research Foundation of Korea funded
by Ministry of Science and ICT (grant No. 2020R1A2B5B01001807).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Torre, L.A,; Bray, F; Siegel, R.L.; Ferlay, J.; Lortet-Tieulent, J.; Jemal, A. Global cancer statistics, 2012. CA Cancer ]. Clin. 2015, 65,
87-108. [CrossRef]

2. Altekruse, S.F.; McGlynn, K.A.; Reichman, M.E. Hepatocellular carcinoma incidence, mortality, and survival trends in the United
States from 1975 to 2005. J. Clin. Oncol. 2009, 27, 1485-1491. [CrossRef] [PubMed]

3. Villanueva, A.; Hoshida, Y.; Battiston, C.; Tovar, V.; Sia, D.; Alsinet, C.; Cornella, H.; Liberzon, A.; Kobayashi, M.; Kumada, H.; et al.
Combining clinical, pathology, and gene expression data to predict recurrence of hepatocellular carcinoma. Gastroenterology 2011,
140, 1501-1512. [CrossRef]

4. Dave, B.; Migliaccio, I.; Gutierrez, M.C.; Wu, M.E,; Chamness, G.C.; Wong, H.; Narasanna, A.; Chakrabarty, A.; Hilsenbeck, S.G.;
Huang, J.; et al. Loss of phosphatase and tensin homolog or phosphoinositol-3 kinase activation and response to trastuzumab or
lapatinib in human epidermal growth factor receptor 2-overexpressing locally advanced breast cancers. J. Clin. Oncol. 2011, 29,
166-173. [CrossRef] [PubMed]

5. Dillon, L.M.; Miller, T.W. Therapeutic targeting of cancers with loss of PTEN function. Curr. Drug Targets 2014, 15, 65-79.
[CrossRef]

6. Dasari, VR,; Kaur, K,; Velpula, K K.; Gujrati, M.; Fassett, D.; Klopfenstein, ].D.; Dinh, D.H.; Rao, ]J.S. Upregulation of PTEN in
glioma cells by cord blood mesenchymal stem cells inhibits migration via downregulation of the PI3K/ Akt pathway. PLoS ONE
2010, 5, €10350. [CrossRef] [PubMed]

7.  Mayer, LA,; Arteaga, C.L. The PI3K/AKT Pathway as a Target for Cancer Treatment. Annu. Rev. Med. 2016, 67, 11-28. [CrossRef]

8. Bouali, S.; Chretien, A.S.; Ramacci, C.; Rouyer, M.; Becuwe, P.; Merlin, J.L. PTEN expression controls cellular response to
cetuximab by mediating PI3K/AKT and RAS/RAF/MAPK downstream signaling in KRAS wild-type, hormone refractory
prostate cancer cells. Oncol. Rep. 2009, 21, 731-735.

9. Lu, XX, Cao, LY,; Chen, X;; Xiao, J.; Zou, Y.; Chen, Q. PTEN Inhibits Cell Proliferation, Promotes Cell Apoptosis, and Induces
Cell Cycle Arrest via Downregulating the PI3K/AKT/hTERT Pathway in Lung Adenocarcinoma A549 Cells. BioMed Res. Int.
2016, 2016, 2476842. [CrossRef]

10. Shao, ].B.; Gao, Z.M.; Huang, W.Y.; Lu, Z.B. The mechanism of epithelial-mesenchymal transition induced by TGF-betal in
neuroblastoma cells. Int. J. Oncol. 2017, 50, 1623-1633. [CrossRef]

11. Lee, ].M,; Dedhar, S.; Kalluri, R.; Thompson, E.W. The epithelial-mesenchymal transition: New insights in signaling, development,
and disease. J. Cell Biol. 2006, 172, 973-981. [CrossRef]

12. Melnikova, V.O.; Bar-Eli, M. Transcriptional control of the melanoma malignant phenotype. Cancer Biol. Ther. 2008, 7, 997-1003.
[CrossRef]

13. Sethi, S.; Macoska, J.; Chen, W.; Sarkar, FH. Molecular signature of epithelial-mesenchymal transition (EMT) in human prostate

cancer bone metastasis. Am. J. Transl. Res. 2010, 3, 90-99. [PubMed]


http://doi.org/10.3322/caac.21262
http://doi.org/10.1200/JCO.2008.20.7753
http://www.ncbi.nlm.nih.gov/pubmed/19224838
http://doi.org/10.1053/j.gastro.2011.02.006
http://doi.org/10.1200/JCO.2009.27.7814
http://www.ncbi.nlm.nih.gov/pubmed/21135276
http://doi.org/10.2174/1389450114666140106100909
http://doi.org/10.1371/journal.pone.0010350
http://www.ncbi.nlm.nih.gov/pubmed/20436671
http://doi.org/10.1146/annurev-med-062913-051343
http://doi.org/10.1155/2016/2476842
http://doi.org/10.3892/ijo.2017.3954
http://doi.org/10.1083/jcb.200601018
http://doi.org/10.4161/cbt.7.7.6535
http://www.ncbi.nlm.nih.gov/pubmed/21139809

Int. . Mol. Sci. 2021, 22, 8841 15 of 16

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.
25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.
41.

Gos, M.; Miloszewska, J.; Przybyszewska, M. Epithelial-mesenchymal transition in cancer progression. Postepy Biochem. 2009, 55,
121-128. [PubMed]

Nguyen, P.T.; Kudo, Y.; Yoshida, M.; lizuka, S.; Ogawa, I.; Takata, T. N-cadherin expression is correlated with metastasis of spindle
cell carcinoma of head and neck region. J. Oral Pathol. Med. 2011, 40, 77-82. [CrossRef] [PubMed]

Wu, Y.; Zhou, B.P. TNF-alpha/NF-kappaB/Snail pathway in cancer cell migration and invasion. Br. |. Cancer 2010, 102, 639-644.
[CrossRef] [PubMed]

Li, W,;Li, S.; Deng, L.; Yang, S.; Li, M.; Long, S.; Chen, S.; Lin, F,; Xiao, L. Decreased MT1-MMP in gastric cancer suppressed cell
migration and invasion via regulating MMPs and EMT. Tumour Biol. 2015, 36, 6883—6889. [CrossRef] [PubMed]

Le Marchand, L. Cancer preventive effects of flavonoids—A review. Biomed. Pharmacother. 2002, 56, 296-301. [CrossRef]

Shi, X.; Chen, G.; Liu, X,; Qiu, Y,; Yang, S.; Zhang, Y.; Fang, X.; Zhang, C.; Liu, X. Scutellarein inhibits cancer cell metastasis
in vitro and attenuates the development of fibrosarcoma in vivo. Int. J. Mol. Med. 2015, 35, 31-38. [CrossRef]

Gao, R.; Zhu, B.H,; Tang, S.B.; Wang, J.E; Ren, J. Scutellarein inhibits hypoxia- and moderately-high glucose-induced proliferation
and VEGF expression in human retinal endothelial cells. Acta Pharmacol. Sin. 2008, 29, 707-712. [CrossRef]

Li, N.G;; Song, S.L.; Shen, M.Z; Tang, Y.P.; Shi, Z.H.; Tang, H.; Shi, Q.P; Fu, Y.E; Duan, J.A. Mannich bases of scutellarein as
thrombin-inhibitors: Design, synthesis, biological activity and solubility. Bioorg. Med. Chem. 2012, 20, 6919-6923. [CrossRef]
Ha, S.E.; Kim, S.M.; Lee, H.J.; Vetrivel, P.; Venkatarame Gowda Saralamma, V.; Heo, ].D.; Kim, E.H.; Lee, S.J.; Kim, G.S. Scutellarein
Induces Fas-Mediated Extrinsic Apoptosis and G2/M Cell Cycle Arrest in Hep3B Hepatocellular Carcinoma Cells. Nutrients
2019, 11, 263. [CrossRef]

Li, Y.; Wang, J.; Zhong, S.; Li, J.; Du, W. Scutellarein inhibits the development of colon cancer via CDC4mediated RAGE
ubiquitination. Int. . Mol. Med. 2020, 45, 1059-1072. [CrossRef]

Carracedo, A.; Pandolfi, P.P. The PTEN-PI3K pathway: Of feedbacks and cross-talks. Oncogene 2008, 27, 5527-5541. [CrossRef]
Milella, M.; Falcone, I.; Conciatori, F.; Cesta Incani, U.; Del Curatolo, A.; Inzerilli, N.; Nuzzo, C.M.; Vaccaro, V.; Vari, S.;
Cognetti, F; et al. PTEN: Multiple Functions in Human Malignant Tumors. Front. Oncol. 2015, 5, 24. [CrossRef]

Efferth, T. Cancer therapy with natural products and medicinal plants. Planta Med. 2010, 76, 1035-1036. [CrossRef] [PubMed]
Mukherjee, A K,; Basu, S.; Sarkar, N.; Ghosh, A.C. Advances in cancer therapy with plant based natural products. Curr. Med.
Chem. 2001, 8, 1467-1486. [CrossRef] [PubMed]

Da Rocha, A.B.; Lopes, R M.; Schwartsmann, G. Natural products in anticancer therapy. Curr. Opin. Pharmacol. 2001, 1, 364-369.
[CrossRef]

Nakamura, K.; Peng, Y.; Utsumi, F,; Tanaka, H.; Mizuno, M.; Toyokuni, S.; Hori, M.; Kikkawa, F; Kajiyama, H. Novel Intraperi-
toneal Treatment with Non-Thermal Plasma-Activated Medium Inhibits Metastatic Potential of Ovarian Cancer Cells. Sci. Rep.
2017, 7, 6085. [CrossRef]

Schulte-Hermann, R.; Bursch, W.; Low-Baselli, A.; Wagner, A.; Grasl-Kraupp, B. Apoptosis in the liver and its role in hepatocar-
cinogenesis. Cell Biol. Toxicol. 1997, 13, 339-348. [CrossRef] [PubMed]

Wang, P; Zhang, J.; Xiong, X.; Yuan, W.; Qin, S.; Cao, W.; Dai, L.; Xie, F,; Li, A.; Liu, Z. Icariin suppresses cell cycle transition and
cell migration in ovarian cancer cells. Oncol. Rep. 2019, 41, 2321-2328. [CrossRef]

Casella, M.L.; Parody, J.P.; Ceballos, M.P,; Quiroga, A.D.; Ronco, M.T.; Frances, D.E.; Monti, J.A.; Pisani, G.B.; Carnovale, C.E.;
Carrillo, M.C.; et al. Quercetin prevents liver carcinogenesis by inducing cell cycle arrest, decreasing cell proliferation and
enhancing apoptosis. Mol. Nutr. Food Res. 2014, 58, 289-300. [CrossRef]

Kao, G.D.; McKenna, W.G.; Maity, A.; Blank, K.; Muschel, R.J. Cyclin Bl availability is a rate-limiting component of the
radiation-induced G2 delay in HeLa cells. Cancer Res. 1997, 57, 753-758. [PubMed]

Perdiguero, E.; Nebreda, A.R. Regulation of Cdc25C activity during the meiotic G2/M transition. Cell Cycle 2004, 3, 733-737.
[CrossRef] [PubMed]

Bendell, ].C.; Rodon, J.; Burris, H.A.; de Jonge, M.; Verweij, J.; Birle, D.; Demanse, D.; De Buck, S.S.; Ru, Q.C.; Peters, M.; et al.
Phase I, dose-escalation study of BKM120, an oral pan-Class I PI3K inhibitor, in patients with advanced solid tumors. J. Clin.
Oncol. 2012, 30, 282-290. [CrossRef]

Miller, TW.; Perez-Torres, M.; Narasanna, A.; Guix, M.; Stal, O.; Perez-Tenorio, G.; Gonzalez-Angulo, A.M.; Hennessy, B.T.;
Mills, G.B.; Kennedy, J.P.; et al. Loss of Phosphatase and Tensin homologue deleted on chromosome 10 engages ErbB3 and
insulin-like growth factor-I receptor signaling to promote antiestrogen resistance in breast cancer. Cancer Res. 2009, 69, 4192—-4201.
[CrossRef] [PubMed]

Yin, Y.; Shen, WH. PTEN: A new guardian of the genome. Oncogene 2008, 27, 5443-5453. [CrossRef]

Wang, C.; Gu, W.; Zhang, Y.; Ji, Y.; Wen, Y.; Xu, X. Nicotine promotes cervical carcinoma cell line HeLa migration and invasion by
activating PI3k/Akt/NF-kappaB pathway in vitro. Exp. Toxicol. Pathol. 2017, 69, 402-407. [CrossRef]

Zhang, L.L.; Mu, G.G,; Ding, Q.S.; Li, Y.X,; Shi, Y.B.; Dai, J.F,; Yu, H.G. Phosphatase and Tensin Homolog (PTEN) Represses
Colon Cancer Progression through Inhibiting Paxillin Transcription via PI3K/AKT/NF-kappaB Pathway. J. Biol. Chem. 2015, 290,
15018-15029. [CrossRef]

Orlowski, R.Z.; Baldwin, A.S., Jr. NF-kappaB as a therapeutic target in cancer. Trends Mol. Med. 2002, 8, 385-389. [CrossRef]
Abdul-Ghani, R.; Serra, V.; Gyorffy, B.; Jurchott, K.; Solf, A.; Dietel, M.; Schafer, R. The PI3K inhibitor LY294002 blocks drug
export from resistant colon carcinoma cells overexpressing MRP1. Oncogene 2006, 25, 1743-1752. [CrossRef] [PubMed]


http://www.ncbi.nlm.nih.gov/pubmed/19824467
http://doi.org/10.1111/j.1600-0714.2010.00966.x
http://www.ncbi.nlm.nih.gov/pubmed/21070371
http://doi.org/10.1038/sj.bjc.6605530
http://www.ncbi.nlm.nih.gov/pubmed/20087353
http://doi.org/10.1007/s13277-015-3381-7
http://www.ncbi.nlm.nih.gov/pubmed/25851348
http://doi.org/10.1016/S0753-3322(02)00186-5
http://doi.org/10.3892/ijmm.2014.1997
http://doi.org/10.1111/j.1745-7254.2008.00797.x
http://doi.org/10.1016/j.bmc.2012.10.015
http://doi.org/10.3390/nu11020263
http://doi.org/10.3892/ijmm.2020.4496
http://doi.org/10.1038/onc.2008.247
http://doi.org/10.3389/fonc.2015.00024
http://doi.org/10.1055/s-0030-1250062
http://www.ncbi.nlm.nih.gov/pubmed/20665401
http://doi.org/10.2174/0929867013372094
http://www.ncbi.nlm.nih.gov/pubmed/11562277
http://doi.org/10.1016/S1471-4892(01)00063-7
http://doi.org/10.1038/s41598-017-05620-6
http://doi.org/10.1023/A:1007495626864
http://www.ncbi.nlm.nih.gov/pubmed/9298254
http://doi.org/10.3892/or.2019.6986
http://doi.org/10.1002/mnfr.201300362
http://www.ncbi.nlm.nih.gov/pubmed/9044856
http://doi.org/10.4161/cc.3.6.906
http://www.ncbi.nlm.nih.gov/pubmed/15136768
http://doi.org/10.1200/JCO.2011.36.1360
http://doi.org/10.1158/0008-5472.CAN-09-0042
http://www.ncbi.nlm.nih.gov/pubmed/19435893
http://doi.org/10.1038/onc.2008.241
http://doi.org/10.1016/j.etp.2017.03.006
http://doi.org/10.1074/jbc.M115.641407
http://doi.org/10.1016/S1471-4914(02)02375-4
http://doi.org/10.1038/sj.onc.1209201
http://www.ncbi.nlm.nih.gov/pubmed/16288223

Int. . Mol. Sci. 2021, 22, 8841 16 of 16

42.

43.

44.

45.

46.

Li, C.Y;; Wang, Q.; Shen, S.; Wei, X.L.; Li, G.X. Oridonin inhibits migration, invasion, adhesion and TGF-betal-induced epithelial-
mesenchymal transition of melanoma cells by inhibiting the activity of PI3K/Akt/GSK-3beta signaling pathway. Oncol. Lett.
2018, 15, 1362-1372. [CrossRef]

Lee, Y.J.; Han, H.J. Troglitazone ameliorates high glucose-induced EMT and dysfunction of SGLTs through PI3K/Akt, GSK-3beta,
Snaill, and beta-catenin in renal proximal tubule cells. J. Physiol. Ren. Physiol. 2010, 298, F1263-F1275. [CrossRef]

Lee, S.; Choi, EJ.; Cho, EJ.; Lee, Y.B.; Lee, ] H.; Yu, S.J.; Yoon, J].H.; Kim, Y]. Inhibition of PI3K/Akt signaling suppresses
epithelial-to-mesenchymal transition in hepatocellular carcinoma through the Snail /GSK-3 /beta-catenin pathway. Clin. Mol.
Hepatol. 2020, 26, 529-539. [CrossRef] [PubMed]

Chen, R.; Yang, Q.; Lee, J.D. BMKI kinase suppresses epithelial-mesenchymal transition through the Akt/GSK3beta signaling
pathway. Cancer Res. 2012, 72, 1579-1587. [CrossRef] [PubMed]

Nwomeh, B.C.; Liang, H.X.; Diegelmann, R.E; Cohen, LK,; Yager, D.R. Dynamics of the matrix metalloproteinases MMP-1 and
MMP-8 in acute open human dermal wounds. Wound Repair Regen. 1998, 6, 127-134. [CrossRef] [PubMed]


http://doi.org/10.3892/ol.2017.7421
http://doi.org/10.1152/ajprenal.00475.2009
http://doi.org/10.3350/cmh.2019.0056n
http://www.ncbi.nlm.nih.gov/pubmed/32829570
http://doi.org/10.1158/0008-5472.CAN-11-2055
http://www.ncbi.nlm.nih.gov/pubmed/22282661
http://doi.org/10.1046/j.1524-475X.1998.60206.x
http://www.ncbi.nlm.nih.gov/pubmed/9776855

	Introduction 
	Results 
	Scutellarein (SCU) Inhibits Cell Viability in Human Hepatocellular Carcinoma (HCC) Cell Lines and HaCaT Cells 
	SCU Inhibits Cell Migration and Proliferation in HepG2 Cells 
	SCU Induces G2/M Phase Cell Cycle Arrest in HepG2 Cells 
	SCU Induces PTEN Expression in HepG2 Cells and Validation of SCU Binding with PTEN Using In Silico Molecular Docking Analysis 
	SCU Suppresses the PI3K/Akt/NF-B Signaling Pathway in HepG2 Cells 
	SCU Inhibits the Activity of EMT Markers and Migration-Related Proteins in HepG2 Cells 

	Discussion 
	Materials and Methods 
	Chemicals and Reagents 
	Cell Culture and SCU Treatment 
	Cell Viability Assay 
	Wound Healing Assay 
	Colony Formation Assay 
	Analysis of Cell Cycle Distribution by Flow Cytometry 
	Western Blot Analysis 
	Inhibitor Assay 
	Immunocytochemistry 
	Molecular Docking Studies 
	Statistical Analysis 

	Conclusions 
	References

