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Introduction

Hepatocellular carcinoma (HCC) is the sixth most 
common cancer type globally and the third leading cause 
of cancer-related deaths, with an average of more than 
740,000 new diagnoses per year (1). HCC, originating 
from liver cells, poses a substantial global health burden 
primarily linked to chronic viral hepatitis infections, alcohol-
related liver diseases, and non-alcoholic fatty liver disease 
(NAFLD/NASH). Molecular studies highlight chromosomal 

instability, genetic mutations, and epigenetic changes 
as pivotal in HCC pathogenesis, influencing oncogene 
activation and tumor suppressor gene inactivation. 
Cellular processes such as enhanced proliferation, 
impaired apoptosis, increased angiogenesis, and 
metastatic potential further underscore the complexity of 
HCC progression (2). Immune responses within the tumor 
microenvironment play a critical role in HCC development 
and treatment outcomes, paving the way for innovative 
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therapies like immunotherapy (3). Understanding these 
multifaceted aspects is crucial for advancing effective 
management strategies against HCC.

Irinotecan (IRT) is one of the selective topoisomerase 
1 (Topo1) inhibitors, including camptothecin, topotecan, 
idarubicin, daunorubicin, doxorubicin, and etoposide. 
Topo1 is an enzyme that alleviates torsional strain in DNA 
by inducing temporary single-strand breaks. Irinotecan, a 
Topo1 inhibitor, prevents the religation of these breaks, 
leading to DNA damage and ultimately inducing apoptosis 
in cancer cells. This mechanism underscores the therapeutic 
efficacy of IRT in cancer treatment, particularly in targeting 
rapidly proliferating cells. Although IRT was one of the 
most important drugs in the treatment of colon cancer 
for approximately 15 years between 1994 and 2008, its 
medical use continues today (4). Irinotecan causes human 
HCC cells to undergo apoptosis by activating p53 with its 
active metabolite. Irinotecan induces apoptosis in cancer 
cells by altering gene expression. Key genes involved in 
this process include p53, BAX/BCL-2, caspases, and NF-κB. 
The effects of IRT on gene expression promote cell death 
and inhibit tumor growth.

Flavonoids can be categorized into six primary classes 
based on their structure: flavan-3-ols, flavones, flavonols, 
flavanones, isoflavones, and anthocyanins (5). Among 
these subclasses, hesperidin (HSP) is identified as a 
flavanone compound. Hesperidin and its derivatives are 
characteristic compounds found in citrus fruits belonging 
to the Rutaceae family, including orange (Citrus sinensis), 
grapefruit (Citrus paradisi), tangerine (Citrus reticulata), 
lime (Citrus aurantifolia), and lemon (Citrus limon) (6). 
There have been many recent studies showing that HSP 
has anticancer activity (7). There are many studies showing 
that piperine (PIP), an alkaloid isolated from the piper 
nigrum plant, has an anticancer and enhancing effect of 
existing chemotherapeutics (8).

Hesperidin, a flavonoid, has been associated with 
various health advantages and has shown potential effects 
in regulating the expression of pro-apoptotic genes such 
as Bad, Bax, and p53. Piperine, an alkaloid found in spices, 
is recognized for its anti-cancer effects, with research 
focusing on its ability to modulate the expression of 
apoptosis-related genes like Bad, Bax, and p53 (9). These 
studies provide foundational insights into understanding 
the cellular effects of HSP and PIP and evaluating their 
potential therapeutic applications.

In recent years, the combination of chemotherapeutic 
agents with natural compounds has gained attention as 
a promising approach to enhance the efficacy of cancer 
treatments. However, the combination of IRT with natural 
compounds like HSP and PIP has not been extensively 
investigated. This study aims to address this research gap 
by evaluating the effects of IRT in combination with HSP 

and PIP in hepatocellular carcinoma cells, providing new 
insights into potential therapeutic strategies for improving 
cancer treatment outcomes.

Methods

Compliance with Ethical Standards

This study was conducted using commercially obtained 
HepG2 cell lines. No patient samples or primary cell 
cultures were used. Therefore, ethical approval was not 
required.

Chemicals and Reagents 

Irinotecan and HSP were purchased from Cayman 
Chemical Company (Michigan, USA, Cat No: 14180); PIP 
was purchased from Sigma-Aldrich (Darmstadt, Germany, 
Cat No.: P49007) (Michigan, USA, Cat No: 18646). 
HCC cell line (HepG2) was purchased from American 
Type Culture Collection (HB-8065, Manassas, VA, USA). 
All primers were synthesized by Bioligo Biotechnology 
(Ankara, Turkey).

Cell Culture

The HepG2 cell line was cultured in Dulbecco’s 
Modified Eagle’s Medium containing 10% fetal bovine 
serum, 5% L-Glutamine, and 1% penicillin-streptomycin. 
Cells were maintained at 37 °C in a humidified incubator 
with 5% CO

2
.

Determination of IC50 doses with the MTT Cell 
Viability Test

Cells were seeded at a density of 104 cells per well 
in 96-well plates. Cells were treated with different 
concentrations of IRT (1 μM, 10 μM, 25 μM, 50 μM, 
100 μM, 250 μM, 500 μM, and 1000 μM) and different 
concentrations of HSP and PIP (1 μM, 10 μM, 50 μM, 100 
μM, 200 μM, 400 μM, 800 μM, and 1000 μM). Then, 
10 μL of MTT solution (5 mg/mL, SERVA, Heidelberg, 
Germany) was added to each well and incubated for 4 
hours at 37 °C with 5% CO

2
. After the incubation period, 

100 μL of dimethyl sulfoxide (DMSO) was added to each 
well, and the absorbance of each well was measured at 
570 nm using an automatic multiplate reader (Epoch, 
Biotek, USA). IC50 values were calculated using GraphPad 
Prism version 8.0.1 (GraphPad Software, Inc., CA, USA) 
(10). Each analysis was performed in triplicate.

 Total RNA Extraction, Reverse Transcription, and 
Quantitative Polymerase Chain Reaction

After completion of the 48-hour incubation, cells 
were harvested and washed with cold PBS. For mRNA 
expression level, total RNA was isolated with the GeneJET 
RNA Purification Kit (Thermo Scientific Catalog No.: 
K0731). The quantity and purity of isolated RNAs were 
analyzed using the Epoch Take3 plate instrument (Agilent, 
USA). Then, complementary DNA (cDNA) synthesis was 
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performed according to the manufacturer’s instructions 
(Biorad Cat No: BR1708891). Each 20 μL PCR reaction 
consisted of 1 μL of cDNA, 10 μL of 2X SYBR Green 
PCR Master Mix (prepared as 1X according to the 
manufacturer’s guidelines), and specific primers, with 
a final concentration of 100 ng per reaction. 1 μg total 
RNA was used as a template in the PCR performed with 
reverse transcriptase. Then, 1 μL of cDNA was taken from 
each sample and the appropriate amount of SYBR Green 
PCR Master Mix was added according to the forward 
and reverse primer protocols. All stages were carried out 
under cold chain and sterile conditions. Expression levels 
of target genes were normalized using the housekeeping 
gene β-Actin. Gene expression values were then calculated 
with the REST2009 program by applying the ΔΔCt method 
using the equation RQ=2−ΔΔCt, according to (11). Primer 
sequences used in PCR reactions and PCR conditions 
are described in Table 1. Each assay was performed in 
quadruplicate.

Statistical Analysis

The data obtained within the scope of the study were 
analyzed using GraphPad Prism version 8.0.1 (GraphPad 

Software, Inc., CA, USA). The data was analyzed to 
determine whether it showed a normal distribution using 
the Kolmogorov-Smirnov test. Since the data showed 
normal distribution, one-way ANOVA test, one of the 
parametric tests, was used for the comparison of three or 
more groups. P<0.05 was considered the level of statistical 
significance.

Results

IC50 doses of bioactive compounds

It was found that IC50 values of IRT were 56.02 μM, 
HSP was 150.7 μM and PIP was 51.14 μM for 48 hours of 
treatment (Figure 1).

Findings on mRNA expression levels of genes that 
play a role in apoptotic processes

Compared to the control group, mRNA expression 
levels of the Bad gene increased 3.231-fold (p=0.002) 
in the IRT group, 8.351-fold (p=0.008) in the HSP group, 
and 3.044-fold (p=0.005) in the PIP group. The mRNA 
expression levels of Bad gene were also increased 5.227 
times (p=0.004) in the IRT+HSP combination group and 

 Table 1. Oligonucleotide primer sequences and PCR programs

Genes Primer sequences (5’ → 3’) RT-PCR Programs Cycle

β-Actin
F-5’ CTCCATCCTGGCCTCGCTGT 3’
R-5’ GCTGTCACCTTCACCGTTCC 3’

95˚C-30s/60˚C-1m/72˚C-30s 35

Bax
F-5’ CATGAAGACAGGGGCCCTTT 3’
R-5’ AAACACAGTCCAAGGCAGCT 3’

95˚C-30s/59˚C-1m/72˚C-30s 35

Caspase3
F-5’ GTGCTACAATGCCCCTGGAT 3’
R-5’ GCTGGATGCCGTCTAGAGTC 3’

95˚C-30s/59˚C-1m/72˚C-30s 35

p53
F-5’ CCTCTCCCCAGCCAAAGAAG 3’
R-5’ GAAGTGGGCCCCTACCTAGA 3’

95˚C-30s/59˚C-1m/72˚C-30s 35

ATF4
F- 5’ GGGACAGATTGGATGTTGGAGA 3’
R- 5’ ACCCAACAGGGCATCCAAGT 3’

95˚C-30s/57˚C-1m/72˚C-30s 35

CHOP
F- 5’ TGCTTCTCTGGCTTGGCTGAC 3’
R- 5’ CCAAGGGAGAACCAGGAAACGG 3’

95˚C-30s/60˚C-1m/72˚C-30s 35

GRP78
F- 5’ GGTGACCTGGTACTGCTTGATG 3’
R-5’ CCTTGGAATCAGTTTGGTCATG 3’

95˚C-30s/57˚C-1m/72˚C-30s 35

ATF4: Activating transcription factor 4, GRP78: Glucose-regulated protein 78, CHOP: C/EBP homologous protein

Figure 1. IC50 doses of IRT, HSP and PIP
IRT: Irinotecan, HSP: Hesperidin, PIP: Piperine



Sen et al. Irinotecan Combination Therapy in Hepatocellular Carcinoma

268

1.84 times (p=0.019) in the IRT+PIP group, in comparison 
with the control. Bax gene mRNA levels were upregulated 
by IRT (0.492-fold, p<0.001), PIP (0.443-fold, p<0.001), 
and IRT+HSP (0.472-fold, p<0.003), while in the HSP group, 
a 0.227-fold change (p<0.006) was found to be similar 
to the control group (p<0.86). Compared to the control 
group, p53 gene mRNA expression levels increased 1.576-
fold (p=0.007) in the IRT group, 3.195-fold (p=0.007) in 
the HSP group, 1.428-fold (p=0.039) in the PIP group, 
and 2.097-fold (p=0.005) in the IRT + HSP group. The 
+PIP group was found to be similar to the control group 
(p=0.113) (Table 2, Figure 2).

Findings on mRNA expression levels of genes 
playing a role in ER stress

The mRNA expression levels of the ATF4 gene showed 
a 1.058-fold increase (p=0.413) in the IRT group, 1.202-
fold (p=0.062) in the HSP group, 1.088-fold (p=0.213) in 
the PIP group, and 0.963-fold (p=0.707) in the IRT+HSP 
group compared to controls. Conversely, ATF4 gene 
expression was downregulated by 0.563-fold (p=0.006) in 
the IRT+PIP group compared to controls. For the CHOP 
gene, mRNA levels were significantly increased to 4.42-

fold (p=0.001) in the IRT group, 4.55-fold (p=0.004) in 
the HSP group, 2.263-fold (p=0.014) in the PIP group, and 
2.535-fold (p=0.001) in the IRT+HSP group compared to 
controls. No significant difference was found in the IRT 
+ PIP group compared to controls (p=0.123). In contrast, 
GRP78 gene expression increased by 1.257-fold (p=0.01) 
in the IRT group and decreased by 0.6-fold (p=0.009) in 
the IRT+PIP group, with no significant changes observed 
in the HSP (p=0.774) and IRT+HSP (p=0.955) groups 
compared to controls (Table 2, Figure 3).

Discussion
The existence of IRT resistance is known, especially 

in the treatment of colon cancer (12,13) and HCC (14), 
negatively affecting treatment strategies. Therefore, there 
is a need for research that will enhance the treatment 
efficacy of IRT and make the cells more chemosensitive 
during treatment.

Irinotecan application alone increased CHOP and 
GRP78 mRNA expression levels, which are ER stress 
markers (p=0.001 and p=0.01, respectively), compared 
to the control group, but had no significant effect on 
ATF4 (p=0.062). In addition, while IRT application alone 

Figure 2. mRNA expression levels of apoptosis-related genes
IRT: Irinotecan, HSP: Hesperidin, PIP: Piperine

Figure 3. mRNA expression levels of ER stress-related genes
IRT: Irinotecan, HSP: Hesperidin, PIP: Piperine

Table 2. Comparision of mRNA expression levels of genes

Gene expression levels

Groups
Apoptosis related genes ER stress related genes

Bad Bax P53 ATF4 CHOP GRP78

IRT 3,231** 0.492*** 1,576** 1,058 4,42** 1,257*

HSP 8,351** 0.978 3,195** 1,202 4,55** 0.975

PIP 3,044** 0.443*** 1,428* 1,088 2,263* 0.999

IRT+HSP 5,227** 0.472** 2,097** 0.963 2,535*** 0.993

IRT+PIP 1.84* 0.227** 0.658 0.563** 1,334 0.6**

mRNA expression levels are given as fold increase/decrease. *p<0.05, **p≤0.01 and ***p≤0.001. Fold increases/decreases and statistical analyses were performed 
using REST 2009 (Qiagen) software. IRT: Irinotecan, HSP: Hesperidin, PIP: Piperine, Bad: Bcl-2-associated death promoter, Bax: Bcl-2-associated X protein, ATF4: Activating 
transcription factor 4, CHOP: C/EBP homologous protein, GRP78: Glucose-regulated protein 78
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increased CHOP mRNA expression compared to the 
control group (p=0.001), as a result of the combination 
of IRT with PIP, CHOP mRNA expression level decreased 
to the level of the control group (p=0.123) (Figure 4). The 
combination of IRT with PIP resulted in the suppression 
of ATF4 and GRP78 mRNA expression levels, which are 
ER stress markers, in HCC compared to the control group 
(p=0.006 and p=0.009, respectively), and the CHOP mRNA 
expression level decreased to the level observed in the 
control group (p=0.123). There are data in the literature 
that contradict our findings (15). Although we showed 
in our study that PIP does not promote IRT on genes 
responsible for ER stress, the literature also shows that 
the use of PIP increases chemosensitivity to 5-fluorouracil 
in resistant colon cancer (16). Piperine is a potent 
inhibitor of permeability glycoprotein (P-glycoprotein 1) 
and cytochrome P450. P-glycoprotein 1 is also known as 
multidrug resistance protein 1 (MDR1) or CD243 and is an 
important protein that pumps many foreign substances 

out of the cell that may be harmful and is inhibited by 
PIP. Microsomal cytochrome P450 overproduction causes 
endoplasmic reticulum stress (17). In this regard, the 
observation that the ER stress markers were reduced in 
the groups where PIP, a cytochrome P450 inhibitor, was 
applied, compared to the control group, was found to be 
compatible with the literature.

It has been shown that HSP induces CHOP protein 
expression in ovarian cancer cells (18), and it inhibits the 
proliferation of HeLa cells through ER stress-mediated 
apoptosis (19). In this regard, although the mRNA 
expression levels of ATF4 and GRP78, which are ER stress 
markers, did not differ significantly from the control group 
in the HSP group (p=0.062 and p=0.774, respectively), the 
CHOP mRNA expression level was found to be higher than 
the control group. This result was found to be compatible 
with literature data (p=0.004).

Shrivastava et al. (20) suggested that PIP has anti-
apoptotic properties, and we confirmed this finding in 

Figure 4. Effects of IRT, HSP and PIP on ER stress-mediated and p53-mediated apoptosis. It was created using Biorender
IRT: Irinotecan, HSP: Hesperidin, PIP: Piperine
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our study. While IRT alone increased the mRNA expression 
levels of the Bad and p53 genes (p=0.002 and p=0.007, 
respectively), HSP enhanced this effect more than IRT 
alone (p=0.008 and p=0.007, respectively). In the IRT+HSP 
group, both Bad and p53 mRNA expression levels were 
higher than in the IRT group (p=0.004 and p=0.005, 
respectively). Piperine, on the other hand, either eliminated 
or reduced the effect of IRT alone on apoptotic markers. 
Bax mRNA expression levels were lower than those of the 
control group in all groups except the HSP group (Figure 
4). Although no anti-cancer effects were observed with 
the combined use of PIP and IRT in HCC in our study, 
some studies in the literature have reported anti-cancer 
effects when PIP is used alone. For example, it has been 
shown to induce apoptosis in oral cancer (21,22), gastric 
cancer (23), and breast cancer (24). Similarly, our study 
found that PIP increased apoptotic markers when used 
alone but reduced the apoptotic effects of IRT when used 
in combination. A literature review revealed no studies 
addressing the combination of IRT with PIP.

Study Limitations

This study has some limitations. Firstly, it focuses solely 
on mRNA expression levels without examining protein 
levels and activities, which limits the understanding of the 
functional effects of gene products on cellular processes. 
The cell culture conditions may not fully replicate the in 
vivo environment, and the specific characteristics of the 
cell line used may limit the generalizability of the results. 
Due to financial constraints, the scope of the study was 
kept narrow. Despite these methodological difficulties, this 
study is a preliminary study that can be cited in subsequent 
studies.

Conclusion
The findings of our study indicate significant differences 

between the use of IRT alone and its combination with 
HSP or PIP. The combination of IRT with HSP enhanced the 
expression of apoptosis-related genes, such as Bad, Bax, 
and p53, thereby supporting IRT’s pro-apoptotic effects 
in HCC. In contrast, the combination of IRT with PIP 
showed a reduced effect on ER stress markers, including 
ATF4, CHOP, and GRP78, compared to IRT alone. This 
suggests that PIP may inhibit the anti-tumor activity of IRT 
by suppressing the expression of genes responsible for ER 
stress. These findings highlight the potential of HSP to 
augment IRT’s therapeutic efficacy, while PIP appears to 
mitigate its anti-tumor effects.
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