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Abstract 

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide. Sorafenib is a multi-tyrosine 

kinase inhibitor used to treat HCC. However, it has many side effects and induces resistance. Esculetin is a 

natural compound with reported anticancer activity. This study was designed to assess the chemotherapeutic 

effects of the sorafenib and esculetin combination on human HCC cells. Stock solutions from sorafenib and 

esculetin in Dimethyl sulfoxide (DMSO) were prepared and then diluted by Dulbecco's Modified Eagle Medium 

(DMEM) to obtain the required working concentrations. HepG2 and Huh-7 cells have been selected as in vitro 

model of HCC. Cytotoxicity was evaluated using an MTT assay. Flow cytometry analysis and scratch assay were 

performed to assess apoptosis and migration. Finally, vascular endothelial growth factor (VEGF), VEGFR-2, 

EGFR, NF-κB, and Ki-67, PI3K, p38MAPK levels were quantified through ELISA, while HRAS and ERK2 

gene expression were detected through RT-PCR. The sorafenib and esculetin combination exerted a potent 

synergistic anti-tumor effect by modulating the EGFR and VEGF-RAS/ERK/PI3K/NF-κB axes associated with 

significant upregulation of the apoptotic p38MAPK/caspase-3 axis, modulation of pI3k/p38MAPK crosstalk and 

inhibition of the proliferation marker Ki67. This study paves the way for using esculetin as good adjuvant to 

sorafenib as a promising future treatment for hepatocellular carcinoma.   
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1. Introduction 

Hepatocellular carcinoma (HCC) is a 

particularly deadly type of cancer [1]. It is the second 

leading cause of cancer-related mortality worldwide 

[2]. Besides, it is the fourth most common cancer 

type in Egypt [3]. HCC is characterized by a major 

dysregulation of several oncogenes and tumor 

suppressor genes, along with abnormalities in diverse 

critical cell signaling pathways contributing to cancer 

progression, such as the RAS/RAF/MEK/ERK [4], 

the PI3K/Akt/mTOR [5], NF-κB [6], Ki-67 [7], 

EGFR [8], and angiogenic pathways [9]. 

Angiogenesis is a crucial biological process 

mediating HCC progression. The vascular endothelial 

growth factor (VEGF)/VEGF receptor 2 (VEGFR-2) 

signaling pathway plays a key role in tumor 

angiogenesis, which promotes tumor growth by 

allowing oxygen and nutrient delivery [10]. VEGF 

activates VEGFR-2, causing a rapid proliferative 

response that promotes the destruction of the 

extracellular matrix and basement membrane by 

matrix metalloproteinase-2 (MMP-2). Besides, 

VEGFR-2 promotes endothelial cell migration and 

invasion, leading to the formation of new blood 

vessels [11]. Thus, targeting these pathways should 

provide new treatments for advanced HCC patients. 

Sorafenib (BAY 43-9006) is a multi-tyrosine 

kinase inhibitor and an FDA-approved HCC 

treatment [12]. Since 2007, it has been the standard 

of care for patients with advanced unresectable HCC 
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[13]. It inhibits multiple tyrosine kinases, reducing 

cancer cell growth and increasing apoptosis by 

inhibiting the RAS/RAF/MEK/ERK [12] and 

PI3K/Akt pathways [14]. Despite the 

chemotherapeutic efficacy of sorafenib, many 

patients develop acquired resistance to sorafenib, 

suppressing their responsiveness to the drug [15]. As 

a result, many researchers have attempted to 

ameliorate the chemotherapeutic efficacy of sorafenib 

and counteract its resistance by combining it with 

herbal extracts or natural active products as adjuvant 

chemotherapeutic agents [15].  

Esculetin (also called cichorigenin or 6,7-

dihydroxycoumarin) is a coumarin derivative 

extracted from many natural plants, such as Artemisia 

capillaries (capillary wormwood), Artemisia 

scoparia (redstem wormwood) and Citrus limonia 

(mandarin lime) leaves [16]. Esculetin inhibits 

VEGF-induced proliferation and DNA synthesis and 

downregulates MMP-9 expression in human 

umbilical vein endothelial cells [17]. Furthermore, 

esculetin reduces VEGFR-2 phosphorylation and 

inhibits the ERK1/2 and eNOS/Akt signaling 

pathways, showing its essential role in inhibiting 

cancer development [18]. 

Thus, the present study assessed the 

chemotherapeutic effect of sorafenib combined with 

esculetin against HCC in vitro using HepG2 and 

Huh-7 cells and investigated the underlying 

molecular mechanisms. 

 

2. Material and methods  

2.1. Chemicals 

Sorafenib tosylate (CAS number 475207-59-1) 

and esculetin (6,7-dihydroxycoumarin) (CAS number 

305-01-1) were purchased from Sigma Aldrich (St 

Louis, MO, USA). High glucose Dulbecco’s 

modified Eagle’s medium (DMEM), fetal bovine 

serum (FBS), and phosphate-buffered saline (PBS) 

were obtained from Biowest Co (Nuaillé, France). 

Penicillin/streptomycin (Pen/Strep) and trypsin were 

ordered from Lonza (Basel, Switzerland). Dimethyl 

sulfoxide (DMSO) and 3-(4,5-dimethylthiazolyl-2)-

2,5-diphenyltetrazolium bromide (MTT) were 

purchased from SERVA Electrophoresis GmbH 

(Heidelberg, Germany). 

 

2.2 Cancer cell lines 

The protocols complied with the rules of the 

ethical committee of the Faculty of Pharmacy, 

Damanhour University (ref no 321PB21). The 

experiments were performed on two human HCC cell 

lines: HepG2 and Huh-7, procured from the 

American Type Culture Collection (ATCC, 

Manassas, Virginia, USA). Cells were cultured in 

DMEM containing 10% heat-inactivated FBS and 1% 

penicillin/streptomycin and incubated at 37°C under 

5% CO2 atmosphere at 95% humidity. Cells were 

passaged around 5–6 times after reaching 90% 

confluence. 

Stock solutions from sorafenib and esculetin 

in DMSO were prepared and diluted using DMEM to 

obtain the required working concentrations. The 

vehicle solution for controls contained only DMEM 

and DMSO, in proportions similar to the 

experimental solutions. 

 

2.3 Cell viability assay (MTT assay) 

The cytotoxic effect of sorafenib, esculetin, 

and their combination on human HCC cells was 

investigated through the MTT assay. The cells were 

cultured in 96-well plates (104 cells/well) and 

incubated them at 37°C overnight. After discarding 

the old media, we added 100 μl of media containing 

sorafenib at 0, 1.25, 2.5, 5, 10, 20, or 40 μM and 

esculetin 0, 25, 50, 100, 200, 400, or 800 μM. We 

then incubated the cells for 48 h, added the MTT 

solutions to each well, and incubated again for 4 h. 

The supernatant was discarded and the formazan 

crystals were dissolved in 150 μl of DMSO.  

Cell viability was determined by reading the 

absorbance at 492 nm using a microplate reader (Bio-

Rad, Hercules, CA, USA). Then, we calculated the 

cell viability percentage using the formula: 

(OD of treated sample/control OD) × 100 

The assay was performed three times and 

median inhibitory concentrations (IC50) was 

calculated using CompuSyn software version 1 

(CompuSyn, Inc., Paramus, NJ, USA) [19]. 

 

2.4 Cytotoxicity analysis 

Cell viability assays and data analysis with 

CompuSyn software were performed to assess the 

synergistic anti-tumor efficacy of sorafenib and 

esculetin on HepG2 and Huh-7 cells. The 

combination index (CI) and dose reduction index 

(DRI) were calculated using the percentage of cell 

viability as reported by Chou 2010 [19]. 

 

2.5 Flow cytometry analysis 

Annexin V-FITC/propidium iodide (PI) 

staining was performed as described previously [20] 

to determine the effect of the tested agents on 

apoptosis extent. HepG2 cells were treated with 

sorafenib (9.6 μM), esculetin (225 μM), or both for 

48 h, and Huh-7 cells with sorafenib (4.5 μM), 

esculetin (350 μM), or both for 48 h. The doses used 

in this assay correspond to each compound’s IC50 for 

each cell type. After trypsinization, the cells were 

collected and washed twice with ice-cold PBS (pH = 

7.4), then added 500 μl of Annexin V-FITC/PI 

solution. At this stage, the cells were kept in the dark 

for 30 min at room temperature. The cells were 

injected into a CytoFLEX Flow Cytometer (Beckman 

Coulter Life Sciences, Indiana, USA) and recorded 

FITC and PI fluorescence signals. Finally, the 

obtained data were analyzed using CytExpert 

Software. 

 

2.6 Scratch assay (wound healing assay) 

We evaluated migration through a wound 

scratch assay. For both cell lines, we seeded 5 × 105 

cells/well in a 6-well plate and incubated them 

overnight at 37°C under a 5 % CO2 atmosphere. We 



Antitumor Effect of Esculetin on Sorafenib -Treated Human Hepatocellular Carcinoma Cell Lines .... 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 12 (2023) 

337 

removed the medium, scratched the adherent sheets 

of cells with a sterile 10 µl pipette tip, and washed 

them with PBS. Finally, we added 3 ml of treatment 

low serum media (1% FBS DMEM) and treated the 

cells with sorafenib, esculetin, or both, at doses 

corresponding to each compound’s IC50 for each cell 

type. We recorded cell migration into the wound 

space using an inverted microscope and optical 

camera (ZEISS ZEN microscope software blue 

edition) 0 and 48 h after treatment. 

 

2.7 Experimental cell design and cell lysate 

preparation 

Cells of each line were cultured in 12 T-75 

flasks (2 × 105 cells/flask) [21] and incubated them 

overnight. Then, we kept untreated cells as controls, 

treated the rest with sorafenib, esculetin, or both, and 

incubated them for 48 h. For each compound, we 

used a dose equal to its IC50 on each cell type. Next, 

we collected the cells and stored cell supernatants and 

pellets at −80°C until further investigation. We 

prepared cell lysates using a RIPA buffer (Thermo 

Fisher Scientific, MA, USA) containing 25 mM Tris–

HCl pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium 

deoxycholate, and 0.1% SDS. Following the 

manufacturer’s instructions, we added 1 ml of RIPA 

lysis buffer to HepG2and Huh-7 cell pellets, shook 

gently for 15 min on ice, then centrifuged at 

14,000×g for 15 min to remove the cell debris. Next, 

we stored the lysates at −20°C until further 

investigations. 

2.8 Biomarker analysis using the sandwich ELISA 

technique 

Several tumor markers in HepG2 and Huh-7 

cells were quantified using the reliable, highly 

specific, and sensitive sandwich ELISA technique 

following the manufacturer’s instructions [22]. These 

biomarkers include NF-κB (Catalog # MBS450580, 

MyBioSource, CA, USA), Ki-67 (Catalog # 

ab253221, Abcam, Cambridge, UK), VEGF (Catalog 

# DVE00, R&D Systems, MN, USA), VEGFR-2 

(Catalog # ab213476, Abcam, Cambridge, UK), 

EGFR (Catalog# I6176, Glory Science, Jiangsu, 

China), PI3K (Catalog # MBS703766,MyBioSource, 

CA, USA), and p38MAPK(Catalog # KHO2261, 

Thermo Fisher Scientific Inc. MA, USA).The results 

represent the mean ± SEM of three separate 

experiments, each carried out in triplicate. 

 

2.9 Caspase-3 activity assay 

Active caspase-3 levels were quantified using 

a colorimetric kit (Catalog # ab39401, Abcam). 

Briefly, active caspase-3 hydrolyzes the peptide 

substrate (Ac-DEVD-pNA) in cell lysates and 

releases a p-nitroaniline moiety quantifiable 

colorimetrically at 405 nm. We determined the 

cleaved p-nitroaniline concentration using a 

calibration curve as described by Nicholson et al. 

[23]. Data were expressed as the mean ± SEM of 

three separate experiments, each carried out in 

triplicate. 

2.10 Quantitative real-time polymerase chain 

reaction RT-PCR 

Total RNA was extracted using an RNeasy 

RNA Extraction Mini Kit (Cat. No 74104, Qiagen, 

Hilden, Germany). We measured the purity and 

concentration of extracted RNA using a nanodrop 

spectrophotometer (Thermo Fisher Scientific Inc. 

MA, USA). Next, we reverse-transcribed the RNA 

equivalent concentrations of isolated RNA using a 

RevertAid First Strand cDNA Synthesis Kit (Cat. No. 

k1622, Thermo Fisher Scientific, MA, USA). We 

quantified HRAS and ERK2 gene expression levels 

on a RT-PCR system (Dtlite Real-Time system) 

using Rotor-Gene SYBR Green RT-PCR Kit (Cat. 

No. 204174, Qiagen, Hilden, Germany) with the 

following primer pairs: HRAS, 5'-GAT GCC TTC 

TAC ACG TTG GT-3'/5'-AGC TTG TGC TGC GTC 

A-3'; ERK2, 5'-CCG AAG CAC CAT TCA AGT 

TC-3'/5'-AGA AGA ACA CCG ATG TCT GA-3’; 

and glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH), 5'-CCG CAT CTT CTT TTG CGT C-

3'/5'-CCC AAT ACG ACC AAA TCC GT-3'. We 

determined the fold changes in HRAS and ERK2 

gene expression using GAPDH as a housekeeping 

gene, as published by Livak and Schmittgen [24]. We 

evaluated each sample three times to ensure accuracy. 

 

2.11 Statistical analysis 

Data were presented as the mean ± SEM. We 

performed multiple comparisons using one-way 

analysis of variance followed by Tukey’s post hoc 

multiple comparison test and considered p < 0.05 as 

significant. We used Graph Pad Prism® software 

package version 8 (GraphPad Software Inc., CA, 

USA) for all statistical analyses and plots. 

 

3. Results  

3.1. Cytotoxicity of sorafenib and esculetin on HCC 

cell lines 

Both drugs showed a concentration-dependent 

cytotoxic effect. Indeed, treating cells with sorafenib 

inhibited the viability of HepG2 and Huh-7 cells with 

IC50 values of 9.6 and 4.5 μM, respectively. 

Meanwhile, esculetin inhibited cell growth with an 

IC50 of 225 μM for HepG2 cells and 350 μM for 

Huh-7 cells. Furthermore, combining sorafenib and 

esculetin at the same concentration ranges inhibited 

cell viability with a combined IC50 of 100.7 (3.7 μM 

for sorafenib + 97 μM for esculetin) for HepG2 cells, 

and of 41.96 µM (1.96 μM for sorafenib + 40 μM for 

esculetin) for Huh-7 cells (Fig. 1). 
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Fig. 1.Cytotoxicity of sorafenib (Sora, 1.25–40 μM), 

esculetin (Esc, 25–800 μM), and both. a) HepG2 

cells, b) Huh-7 cells. The dotted black line represents 

the viability of untreated cells. 

 

 3.2 Synergy analysis of sorafenib and esculetin 

We assessed the synergy of sorafenib and 

esculetin on HCC cells using CompuSyn software. 

Table 1 shows the CompuSyn software-calculated 

combination indices from HepG2 and Huh-7 cells 

treated with the sorafenib and esculetin combination 

(at doses equal to each compound’s IC50). The CI was 

0.93 in HepG2 cells and 0.53 in Huh-7 cells. These 

values are markedly lower than 1, revealing a 

synergy in the sorafenib and esculetin combination. A 

CI equal to 1 would indicate an additive effect, while 

a value higher than 1 would indicate an antagonism. 

Furthermore, the DRI values indicated that the 

combination allowed a dose decrease to obtain the 

same effect as the individual compounds [19]. 

In addition, Table 1 shows that in HepG2 

cells, sorafenib and esculetin had individual IC50 

values of 9.6 μM and 225 μM, respectively. 

Meanwhile, combining the drug decreased the IC50 

values of sorafenib and esculetin to 3.7 μM and 97 

μM, respectively. The corresponding DRI values 

were 2.59 for sorafenib and 2.32 for esculetin. 

Regarding Huh-7 cells, sorafenib and esculetin had 

individual IC50 values of 4.5 and 350 μM, 

respectively. Meanwhile, combining the drugs 

decreased the IC50 values of sorafenib and esculetin 

to 1.96 μM and 40 μM, respectively. The 

corresponding DRI values were 2.3 for sorafenib and 

8.75 for esculetin. These findings indicate that 

esculetin improves the effectiveness of sorafenib. 

3.3 Apoptosis analysis 

Phosphatidylserine flipping from the inner 

membrane leaflet to the outer membrane surface after 

cellular damage indicates apoptosis. This 

phenomenon can be monitored by double-staining 

cells with annexin-FITC and PI [25]. we treated 

HepG2 cells with sorafenib (9.6 μM, 48 h), esculetin 

(225 μM, 48 h), or both. Besides, we treated Huh-7 

cells with sorafenib (4.5 μM, 48 h), esculetin (350 

μM, 48 h), or both, then compared them with 

untreated cells. The doses correspond to each 

compound’s cytotoxicity IC50 on each cell type. Next, 

we performed flow cytometric analyses, including 

Annexin-V-FITC/PI differential apoptosis/necrosis 

assessment. 

In HepG2 cells, sorafenib induced apoptosis 

by 111.19-fold (35.58 % vs. 0.32 % for control, P ≤ 

0.05), while esculetin induced it by 125.19-fold 

(40.06 % vs. 0.32 % for control, P ≤ 0.05). In 

comparison, the combination of sorafenib plus 

esculetin increased apoptosis by 182.8-fold (58.5% vs 

0.32 % for control, P ≤ 0.05). 

Esculetin yielded a 1.13-fold higher apoptosis 

increase than sorafenib (40.06 % and 35.58 %, 

respectively). Meanwhile, the sorafenib and esculetin 

combination yielded a 1.64-fold and 1.46-fold higher 

apoptosis induction than sorafenib and esculetin 

alone, respectively (Figs. 2a and 2c). 

In Huh-7 cells, sorafenib induced apoptosis by 

38.96-fold (60.39 % vs. 1.55 % for control, P ≤ 0.05), 

while esculetin induced it by 23.59-fold (36.56 % vs. 

1.55 % for control, P ≤ 0.05), while the sorafenib plus 

esculetin combination increased it by 49.86-fold 

(77.28% vs. 1.55 % for control, P ≤ 0.05). 

Sorafenib yielded a 1.65-fold higher apoptosis 

increase than esculetin (60.39 % and 36.56 %, 

respectively). Meanwhile, the sorafenib plus esculetin 

combination yielded a 1.28-fold and 2.11-fold higher 

apoptosis increase than sorafenib and esculetin alone, 

respectively (Figs. 2b and 2d). 

 

 

Table 1. Combination indices and dose reduction indices of sorafenib and esculetin on HepG2 and Huh-7 cells. 

Cell line CI 

Individual IC50 
IC50 of each drug in 

combination DRI of 

Sorafenib 

DRI of 

Esculetin Sorafenib 

(μM) 

Esculetin 

(μM) 

Sorafenib 

(μM) 

Esculetin 

(μM) 

HepG-2 0.93 9.6 225 3.7 97 2.59 2.32 

Huh-7 0.53 4.5 350 1.96 40 2.3 8.75 
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Fig. 2. Cytograms showing annexin-V/PI-stained cells: (a) HepG2 cells. (b) Huh-7 cells. Quadrant charts show 

Q1-UL (necrotic cells, AV-/PI+), Q1-UR (late apoptotic cells, AV+/PI+), Q1-LL (normal cells, AV-/PI-), and 

Q1-LR (early apoptotic cells, AV+/PI-). (c) Bar chart of apoptosis percentage in HepG2 cells and (d) Bar chart of 

the apoptosis percentage in Huh-7 cells treated with sorafenib, esculetin, or both. Data are represented as mean ± 

SEM.*P ≤ 0.05, compared with control cells. #P ≤ 0.05, compared with sorafenib-treated cells. @P ≤ 0.05, 

compared with esculetin-treated cells. 

 

3.4 Scratch assay (wound healing assay) 

Treating hepatocellular carcinoma cells with 

sorafenib, esculetin, or both for 48 h inhibited cell 

migration. Moreover, when combined, sorafenib and 

esculetin had a synergistic effect (Fig. 3). 
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Fig. 3. Cell migration inhibition by sorafenib, esculetin, and their combination. (A) HepG2 cells treated with 9.6 

μM sorafenib, 225 μM esculetin, or both, and untreated. (B) Huh-7 cells treated with 4.5 μM sorafenib, 350 μM 

esculetin, or both, and untreated. 

 

3.5 Sorafenib and/or esculetin induced apoptosis and 

activated caspase-3 

Further on, and in addition to the flow 

cytometry, we estimated apoptosis induction through 

caspase-3 activity. The basal expression of caspase-3 

in untreated cells were for HepG2 was 0.42 ± 0.16 

µM pNA/min/ml, and for Huh-7 was 0.67 ± 0.013 

µM pNA/min/ml. HepG2 cells, sorafenib, esculetin, 

and the combination increased apoptosis by 219.8% 

(1.34 ± 0.017 µM pNA/min/ml), 122.1% (0.933 ± 

0.02 µMpNA/min/ml), and 301.7% (1.69 ± 0.017 

µMpNA/min/ml), respectively. In Huh-7 cells, 

sorafenib increased apoptosis by 40.44% (0.667 ± 

0.012 µMpNA/min/ml), esculetin by 23.43% (0.937 

± 0.012 µMpNA/min/ml), and the combination by 

98.9% (1.33 ± 0.013µM pNA/min/ml) (Fig. 4a). 

 

3.6 Sorafenib and/or esculetin reduced NF-κB levels 

Compared with the control HepG2 cells, 

sorafenib-, esculetin-, and combination-treated cells 

had NF-κB levels reduced by 27.31% (6.3 ± 0.163 

ng/ml), 21.19 % (6.83 ± 0.124 ng/ml), and 39.66 % 

(5.23 ± 0.125 ng/ml), respectively. Meanwhile, in 

Huh-7 cells, sorafenib, esculetin, and the combination 

reduced NF-κB levels by 24.85 % (8.47 ± 0.124 

ng/ml), 23.07 % (8.67 ± 0.126 ng/ml), and 44.37 % 

(6.23 ± 0.12 ng/ml), respectively (Fig. 4b). 

 

3.7 Sorafenib and/or esculetin reduced Ki-67 levels 

Compared with control HepG2 cells, 

sorafenib-, esculetin-, and combination-treated cells 

had Ki-67 levels reduced by 28.3% (391 ± 2.44 

pg/ml), 13.8% (474 ± 2.16 pg/ml), and 34.6 % (356.6 

± 3.39 pg/ml), respectively. Meanwhile, in Huh-7 

cells, sorafenib, esculetin, and the combination 

reduced Ki-67 levels by 13.56 % (709.7 ± 3.85 

pg/ml), 3.45 % (792.7 ± 5.31 pg/ml), and 25.01 % 

(615.6 ± 4.1 pg/ml), respectively (Fig. 4c). 
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Fig. 4. Effects of sorafenib (9.6 μM), esculetin (225 μM), and their combination in HepG2 cells and sorafenib 

(4.5 μM), esculetin (350 μM), and their combination in Huh-7 cells on proliferation and apoptosis markers. The 

levels of caspase-3 activity (a), NF-κB (b), Ki-67 (c), and EGFR (d) were measured using ELISA or colorimetry. 

Data are expressed as the mean ± SEM of three experiments, each conducted in triplicate. *P< 0.05 vs. control 

cells, #P< 0.05 vs. sorafenib-treated cells, and @P< 0.05 vs. esculetin-treated cells. 

 

3.8 Sorafenib and/or esculetin reduced EGFR levels 

Compared with control HepG2 cells (6.01 ± 

0.057 ng/ml), EGFR expression was reduced 18.76% 

(4.88 ± 0.049 ng/ml), 6.94% (5.59 ± 0.053 ng/ml), 

and 33.02% (4.02 ± 0.04 ng/ml) in sorafenib, 

esculetin-, and combination-treated cells, 

respectively. In Huh-7 cells, sorafenib, esculetin, and 

the combination reduced EGFR expression by 21.5% 

(4.75 ± 0.042 ng/ml), 13.86% (5.22 ± 0.065 ng/ml), 

and 27.5% (4.36 ± 0.016 ng/ml), respectively (Fig. 

4d). 

 

3.9 Sorafenib and/or esculetin decreased VEGF 

expression 

Compared withHepG2 control cells, 

sorafenib-, esculetin-, and combination-treated cells 

had VEGF protein expression levels reduced by 

39.03% (684.6 ± 5.31 pg/ml), 26.8% (822 ± 

6.68pg/ml), and 57.01% (482.6 ± 6.54pg/ml), 

respectively. In Huh-7 cells, sorafenib, esculetin, and 

the combination reduced VEGF expression by 

48.57% (663.7 ± 3.39 pg/ml), 42.74% (739 ± 2.16 

pg/ml), and 54.88% (582.3 ± 3.29 pg/ml), 

respectively (Fig. 5a). 

 

3.10 Sorafenib and/or esculetin decreased VEGFR-2 

expression 

In HepG2 cells, control cells had the highest 

VEGFR-2 levels. Sorafenib-, esculetin-, and 

combination-treated cells decreased VEGFR-2 levels 

by 40.28% (1717 ± 6.16 pg/ml), 33.66% (1907.3 ± 

3.29 pg/ml), and 61.22% (1114.6 ± 6.79 pg/ml), 

respectively. Meanwhile, in Huh-7 cells, sorafenib, 

esculetin, and the combination reduced VEGFR-2 

levels by 34.06% (2122.3 ± 8.65 pg/ml), 32.96% 

(2156.7 ± 2.49 pg/ml), and 63.91% (1161.3 ± 7.04 

pg/ml), respectively (Fig. 5b). 

 

3.11 Sorafenib and/or esculetin decreased PI3K 

levels 

Compared with the control HepG2 cells, 

sorafenib-, esculetin-, and combination-treated cells 

had PI3K levels reduced by 44.11 % (2.67 ± 0.287 

ng/ml), 30.67 % (3.3 ± 0.327 ng/ml), and 60.08 % 

(1.9 ± 0.33ng/ml), respectively. Meanwhile, in Huh-7 

cells, sorafenib, esculetin, and the combination 

reduced PI3K levels by 36.7 % (4.53 ± 0.29 ng/ml), 

29.74 % (5.03 ± 0.249 ng/ml), and 69.83 % (2.16 ± 

0.205 ng/ml), respectively (Fig. 5c). 
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3.12 Effect of sorafenib and/or esculetin on 

p38MAPK levels 

Compared with control HepG2 cells, 

sorafenib-, esculetin-, and combination-treated cells 

had p38MAPK levels increased by 14.5 % (134.6 ± 

3.68 pg/ml), 6.5 % (125.3 ± 4.49 pg/ml), and 23.89 % 

(145.6 ± 4.5pg/ml), respectively. Meanwhile, in Huh-

7 cells, sorafenib, esculetin, and the combination 

increased p38MAPK levels by 10.54 % (171.7 ± 

3.29pg/ml), 7.34 % (166.6 ± 4.49pg/ml), and 17.39 % 

(182.3 ± 4.92pg/ml), respectively (Fig. 5d). 

 

3.13 Effect of sorafenib and/or esculetin on HRAS 

and ERK2 gene expression levels 

To assess the effect of sorafenib, esculetin, 

and their combination on the MAPK cascade, we 

measured HRAS and ERK2 gene expression. 

First, in HepG2 cells, sorafenib and esculetin 

reduced the relative HRAS gene expression by 

31.85% (0.682 ± 0.012) and 24.38% (0.756 ± 0.01), 

respectively. Interestingly, the combination 

downregulated the HRAS gene expression 

significantly: combination-treated cells had levels 

39.7% (0.603 ± 0.012) lower than control cells. In 

Huh-7 cells, combination-treated cells also had the 

lowest HRAS gene expression levels, reaching 

48.83% (0.512 ± 0.007) inhibition. Meanwhile, 

sorafenib and esculetin induced a 36.85% (0.631 ± 

0.008) and 17% (0.83 ± 0.011) decrease in HRAS 

gene expression, respectively, compared with control 

cells (Fig. 5e). 

In HepG2 cells, sorafenib, esculetin and the 

combination reduced ERK2 gene expression by 

28.13% (0.719 ±0.017), 16.48% (0.835 ± 0.012), and 

47.27% (0.527 ± 0.007), respectively, compared with 

control cells. In Huh-7 cells, sorafenib, esculetin, and 

the combination reduced ERK2 gene expression by 

29.93% (0.701 ± 0.015), 14.73% (0.853 ± 0.013), and 

36.56% (0.634 ± 0.01), respectively (Fig. 5f). 

 

 
Fig. 5. Effects of sorafenib (9.6 μM), esculetin (225 μM), and their combination in HepG2 cells and sorafenib 

(4.5 μM), esculetin (350 μM), and their combination in Huh-7 cells on (a) VEGF, (b) VEGFR-2 (a) and VEGFR-

2, (c) PI3K and (d) p38MAPK levels measured through ELISA after treating cells with sorafenib and/or esculetin 

for 48 h. And on (e) HRAS and (f) ERK2 gene expression measured using RT-PCR. Data are expressed as the 

mean ± SEM of three experiments, each conducted in triplicate. *P< 0.05 vs. control, #P< 0.05 vs. sorafenib-

treated cells and @P< 0.05 vs. esculetin-treated cells. 
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4. Discussion 

HCC is one of the most common cancers with 

a high mortality rate [2]. Sorafenib is first-line 

therapy for advanced HCC and improves patient 

survival. However, despite positive initial clinical 

reactions, long-term sorafenib usage can have several 

side effects and induce drug resistance [26]. 

Combination therapies can improve the efficacy, 

reduce the dosage, and reduce the toxicity of a single 

medicine while also effectively decreasing drug 

resistance [27]. Herein, we used HepG2 and Huh-7 

cells to investigate the new powerful sorafenib and 

esculetin combination and its chemotherapeutic 

effects mediating HCC progression through multiple 

signaling pathways. 

To the best of our knowledge, the current 

study is the first to demonstrate the anti-tumor effects 

of the sorafenib and esculetin combination. In line 

with previous studies, sorafenib and esculetin 

reduced cell growth [28,29]. Moreover, the 

combination significantly decreased the cell viability 

compared with the single drugs, and the CI indicated 

a synergistic effect [19].  

In both cell lines, untreated cells had higher 

HRAS and ERK relative gene expression levels, 

higher EGFR, VEGF, VEGFR-2, Ki-67, PI3K and 

NF-κB levels, and lower caspase-3 activity than 

treated cells. These results are coherent with an up-

regulation of these oncogenic signaling pathways in 

HCC [30].  

We showed that, in both HepG2 and Huh-7 

cells, the esculetin and sorafenib combination 

effectively reduced VEGF levels. This was in 

agreement with a study from Park et al. in 2016 [17] 

showing that esculetin inhibited VEGF-induced 

angiogenesis in human umbilical vein endothelial 

cells. This effect was ascribed to the antiangiogenic 

effect of esculetin described by Kimura et al. in 2015 

[31], indicating that esculetin exerts antiangiogenic 

actions by inhibiting MMP-2 expression, 

transforming growth factor (TGF)-β1generation, and 

VEGF secretion at the tumor site. 

Additionally, we observed that esculetin 

markedly inhibited the ERK1/2 pathway by a dual 

effect on HRAS and ERK2 gene expression. This 

result is consistent with previous findings by Kuo et 

al. in 2006 [32] showing that esculetin inhibited 

ERK, leading to cell cycle arrest in HepG2 cells. 

Besides, this pathway mediates cell growth, survival, 

differentiation, and migration [33]. Oncogenic Ras 

can increase VEGF gene transcription through the 

HIF-binding region in the VEGF promoter [34]. 

EGFR and VEGFR are upstream of the ERK cascade 

and are involved in the progression of HCC [8]. 

EGFR regulates several biological processes, 

including proliferation, angiogenesis, differentiation, 

and apoptosis [35]. One of the important mechanisms 

of sorafenib resistance is abnormal activation of the 

PI3K/AKT/mTOR pathway [36]. We also observed 

that esculetin markedly decreased EGFR and PI3K 

levels, which is in line with the study by Jeon et al. in 

2016 [37] showing that esculetin inhibited oral 

squamous cell carcinoma proliferation through 

inhibition of the EGFR/PI3K/Akt survival signaling 

pathways.p38 MAPK is an important regulator of cell 

proliferation and death [38]. The sorafenib-esculetin 

combination group showed a significant increase in 

p38MAPK levels compared to the control group in 

the current investigation. These findings contrast 

prior research that found a considerable reduction of 

p38MAPK activity in cancer cell lines treated with 

sorafenib [39]. The genetic variability of distinct 

human cancer cell lines and the type of kinetic 

activation can contribute to this paradoxical 

conclusion. It could be attributed to the sorafenib-

esculetin combination's effect on PI3K inhibition, 

which resulted in Raf phosphorylation inhibition at 

serine residue and subsequent MAPK activation [40]. 

Esculetin also notably decreased NF-κB 

levels, inhibiting invasion and angiogenesis by 

suppressing MMP-9 and VEGF expressions in HCC 

[41]. This result agreed with those from Zhu et al. in 

2018 [42], who reported that esculetin suppressed 

NF-κB expression in murine Lewis lung carcinoma 

cells. 

Regarding cell proliferation, we observed that 

esculetin significantly reduced Ki-67 levels in both 

HepG2 and Huh-7 cells. This result was in agreement 

with Wang et al. in 2017 [7], who found that 

esculetin decreased Ki-67 expression in a xenograft 

gastric cancer model. We also found that esculetin 

markedly enhanced apoptosis by restoring caspase-3 

activity, which is in line with a previous study 

suggesting that esculetin induces apoptosis and 

inhibits cell proliferation in a xenograft gastric cancer 

model [7] and SMMC-7721 cells [29].  

 

5- Conclusion  

In conclusion, we demonstrated that esculetin 

potentiates the chemotherapeutic effects of sorafenib 

by modulating the angiogenic VEGF and 

EGFR/RAS/ERK/NF-κB pathways, promoting 

apoptosis and inhibiting proliferation, as indicated by 

the observed caspase 3 activation and Ki-67 

suppression, respectively. Thus, esculetin is a 

promising therapeutic agent against HCC in 

combination with and future studies should 

investigate further molecular mechanisms mediating 

its chemotherapeutic effects. 
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