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Abstract. Current treatments for nasopharyngeal carcinoma 
(NPC), a type of cancer that develops from the epithelium 
of the nasopharynx, are often associated with potential 
toxicities. Moreover, NPC continues to be a considerable 
cause of morbidity and mortality. The breakthrough of 
novel therapeutic strategies is crucial in order to obtain 
improved treatment results. B‑cell lymphoma‑w (BCL‑w) 
is an anti‑apoptotic member of the B‑cell lymphoma‑2 
(BCL‑2) family of proteins. BCL‑w exhibits high conforma‑
tional flexibility and could be exploited to develop inhibitors 
selective of BCL‑w. The inhibition of BCL‑w may benefit 
patients with cancer. Flavonoids exhibit diverse bioactivity, 
including anticancer activity. The present study investigated 
selected flavonoids, apigenin, kaempferol, luteolin, quercetin 
and their respective glycosides, for their inhibitory effects 
on NPC cells. Flavonoids were evaluated in a concentra‑
tion‑ and time‑dependent manner using a colorimetric 
assay, and the findings were then verified using a real‑time, 
impedance‑based cell analyser. Molecular docking analyses 
were conducted on the selected flavonoids against BCL‑w as 
the target site. The aglycones (apigenin, kaempferol, luteolin 
and quercetin) were more potent than their respective 
O‑glycosides, while the C‑glycosides exhibited no activity 
on NPC cells. The molecular docking analyses of the 
selected flavonoids and their glycoside derivatives as ligands 
and the ligand binding site of BCL‑w as the target site 
revealed varying degrees of binding affinity to the binding 
site. Cynaroside had the highest binding affinity among the 

flavonoids evaluated. Apigenin, luteolin, kaempferol and 
quercetin markedly inhibited NPC cell viability. Dietary 
flavones and flavonols may thus provide potency on NPC 
cells. The results from the molecular docking analyses may 
be further used in designing new derivatives with improved 
binding affinity with BCL‑w. 

Introduction

Among the continents, Asia recorded the highest incidence 
and mortality rates of nasopharyngeal carcinoma (NPC). 
GLOBOCAN 2022 (version 1.1) estimates that Malaysia is one 
of the Asian countries with the highest age‑standardized rate 
(ASR) of NPC at 5.7 per 100,000 individuals (1). Moreover, 
according to ‘Cancer Tomorrow’ (2), the estimated number of 
new NPC cases in Malaysia will increase from 2,410 in 2022 
to 3,660 in 2045. According to the National Cancer Registry, 
between 2012 and 2016, NPC was the fifth most common 
type of cancer among Malaysian males, with the incidence 
increasing rapidly after the age of 25 years and peaking at 
the age of 65 years (3). There were 4,597 cases of NPC in 
Malaysia between the years 2012 and 2016 (3). Of note, ~69% 
of male and 65% of female patients with NPC in Malaysia 
present with late stages of the disease, at stages III and IV (3), 
leading to a 5‑year relative survival rate of only ~46%, with a 
median survival time of 40.6 months (4). In Malaysia, NPC in 
childhood (ages 0‑19 years) was the 7th and 9th most common 
type of cancer between the years 2007‑2011 and 2012‑2016, 
respectively (5). 

NPC is the most common type of tumour that may develop 
in the nasopharynx (6,7). NPC, a type of cancer originating 
from the nasopharynx epithelium (8), is prevalent in Southern 
China, Southeast Asia, North Africa, and among the Eskimos 
of Alaska and Greenland (9). The Bidayuh, a native ethnic 
group of East Malaysia, has a predisposition for NPC (10). 
The ASR for Bidayuh was 24.6 per 100,000 males and 9.3 per 
100,000 females (10). There are multiple risk factors involved 
in the development of NPC, including Epstein‑Barr Virus 
(EBV) infection, genetic predisposition, diet, environmental 
exposure and tobacco smoking. The probable cancer‑related 
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risk factors contributing to the development of NPC among the 
Bidayuh population have been previously reviewed (11). 

F lavonoids, low‑molecular‑weight polyphenol ic 
compounds, are classified based on the carbon atom of ring C 
(closed pyran) to which ring B (benzene ring) is attached, the 
degree of unsaturation and oxidation of ring C (Fig. 1) (12). 
Sub‑classes of flavonoids include anthocyanins, chalcones, 
flavones, isoflavones and flavonols. 

Patients undergoing locoregional therapy for advanced 
stages of NPC are treated with concurrent chemotherapy and 
radiotherapy (13,14). Cytotoxic chemotherapeutic drugs include 
cisplatin and 5‑fluorouracil. However, the use of cisplatin is 
frequently associated with renal toxicity. Due to toxicities often 
associated with conventional cancer therapeutics, alternative, 
less toxic treatments are essential. There is a surge of interest 
in researching plant‑derived flavonoids and their glycosides in 
human nutrition due to their health‑related benefits for various 
chronic diseases, including cancer. Plant‑derived flavonoids 
have the potential to be developed as an alternative therapy 
for the treatment of NPC with no side‑effects. For example, 
quercetin was previously shown to reduce cisplatin toxicity in 
the LLC‑PK1 pig kidney‑derived cell line (15). Another study 
demonstrated that in the kidneys of tumour‑bearing rats, quer‑
cetin exhibited protective activity from toxic damage inflicted 
by cisplatin (16). Furthermore, another study demonstrated that 
in vivo, cynaroside (luteolin‑7‑O‑glucoside) decreased cispl‑
atin‑induced nephrotoxicity in the kidneys of mice, whereas, 
in vitro, cynaroside reduced the cisplatin‑induced death in 
human kidney proximal tubule HK‑2 cells (17). Simultaneous 
reports of the inhibitory effects of flavonoids in their free 
forms and glycosides are uncommon. The present study aimed 
to determine the inhibitory effects of selected aglycones of 
flavones (apigenin and luteolin) and flavonols (kaempferol and 
quercetin) and their respective glycosides (apigetrin, vitexin, 
isovitexin, cynaroside, orientin, isoorientin, astragalin and 
isoquercitrin) (Fig. 2) on C666‑1 and HK1 cells, two cell lines 
often used as cell models for NPC. Finally, molecular docking 
was carried out against B‑cell lymphoma‑w (BCL‑w) in an 
aim to better understand the mechanisms of action of flavones, 
flavonols and their glycosidic derivatives.

These flavones and flavonols were selected for the present 
study based on numerous literature reports of their inhibitory 
effects on various human cancer cell lines (18‑24). Numerous 
literature reports exist on the therapeutic properties of flavonoids 
and their dietary applications (25‑27). Medicinal properties 
of flavonoids are ascribed to their ability to prevent injuries 
caused by reactive oxygen and nitrogen species. Hydroxyl 
groups of flavonoids react with and convert radicals into stable 
forms (28). Flavonoids exhibit potent antioxidant properties by 
neutralizing free radicals and reducing oxidative stress, which 
plays a crucial role in cancer progression (29). Additionally, 
flavonoids modulate inflammatory responses, which may prove 
to be beneficial in the prevention and treatment of cancer (30). 
Previous studies have demonstrated that flavonoids induce the 
apoptosis (programmed cell death) of cancer cells, suggesting 
their potential use as anticancer agents  (29,31). Moreover, 
flavonoids can target multiple molecular pathways involved 
in cancer cell survival and proliferation, demonstrating their 
effectiveness in inhibiting tumour growth (31). Furthermore, 
apigenin (32), luteolin (33,34) and kaempferol (35) have been 

found to inhibit EBV reactivation, a key factor in NPC, as 
NPC is strongly associated with EBV (36). 

Materials and methods 

Chemicals. Apigenin, apigetrin, astragalin, cynaroside, isoori‑
entin, isoquercitrin, isovitexin, kaempferol, luteolin, orientin, 
quercetin and vitexin were purchased from Merck KGaA. 
The purity of all the flavonoids was ≥98%, determined by 
high‑performance liquid chromatography (data not shown). 
Cisplatin was obtained from Cayman Chemical Co.

In vitro evaluation of NPC cell viability inhibition
Cells and cell culture. HK1 (37), an NPC cell line, was main‑
tained in Roswell Park Memorial Institute  (RPMI)‑1640 
(Gibco; Thermo Fisher Scientific, Inc.) medium supple‑
mented with 10% heat‑inactivated foetal calf serum (FCS; 
Gibco; Thermo Fisher Scientific, Inc.), 10 U/ml penicillin 
(Gibco; Thermo Fisher Scientific, Inc.) and 10  µg/ml 
streptomycin (Gibco; Thermo Fisher Scientific, Inc.) in a 
5% carbon dioxide (CO2) humidified atmosphere at 37˚C. 
The C666‑1 cells  (38), another NPC cell line, was main‑
tained in a similar manner, apart from the addition of 1X 
GlutaMAX‑I Supplement (Gibco; Thermo Fisher Scientific, 
Inc.). HaCaT (39) cells, an immortalised human skin kera‑
tinocyte cell line, was maintained in Dulbecco's Modified 
Eagle Medium (DMEM) (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FCS. The HaCaT cell line (cell 
cat. no. 300493) was procured from CLS Cell Lines Service 
GmbH. The HaCaT cell line, as well as the immortalised 
nasopharyngeal epithelial cell lines, NP460hTERT (40) and 
NP69SV40T (41), represented normal cells. NP69SV40T 
was maintained in 1X keratinocyte serum‑free medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
25 µg/ml bovine pituitary extract and 0.16 ng/ml recom‑
binant epidermal growth factor. The NP460hTERT cells 
were maintained at a 1:1 ratio of 1X defined keratinocyte 
serum‑free medium (Gibco; Thermo Fisher Scientific, Inc.) 
with the addition of growth supplement: EpiLife Medium 
(Gibco; Thermo Fisher Scientific, Inc.) with EpiLife Defined 
Growth Supplement (Cascade Biologics, Life Technologies; 
Thermo Fisher Scientific, Inc.). DNA fingerprinting for 
HK1, C666‑1, NP69SV40T and NP460hTERT cells was 
performed using the AmpFISTRIdentifiler® polymerase 
chain reaction amplification kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The routine detection of 
the mycoplasma contamination was carried out using the 

Figure 1. General structure of flavonoids.
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e‑Myco™ Mycoplasma Polymerase chain reaction (PCR) 
Detection Kit (iNtRON Biotechnology, Inc,), according to 
the protocol of the manufacturer. Only mycoplasma‑free 
cells were used throughout the study.

Evaluation of cell viability inhibition using MTS assay. 
A total of 5,000‑30,000 C666‑1, HK1, NP460hTERT, 
NP69SV40T and HaCaT cells/100 µl medium/well were 
seeded in 96‑well microtiter plates and returned into the 
incubator at 37˚C in a 5% CO2 atmosphere for 1 day. After 
1  day, the culture medium was aspirated and replaced 
with 100 µl freshly prepared culture medium containing 
0‑300  µM f lavonoids dissolved in dimethyl sulfoxide 
(DMSO) (MilliporeSigma). The solvent control group was 
cells in 0.5% DMSO. The microtiter plates were returned to 
the incubator for 1‑3 days. Using the CellTiter 96® AQueous 
One Solution Cell Proliferation (MTS) assay (Promega 
Corporation) as previously described (42), the percentage 
MTS signal was obtained after 1‑3 days to determine whether 
flavonoids could inhibit the cells. Briefly, 20 µl MTS reagent 
were added to each well and the microtiter plates were 
returned to the incubator for 1‑4 h, according to the optimal 
incubation time for MTS reagent. The absorbance at 490 nm 
and non‑specific absorbance at 630 nm was measured using 
an EnVision multilabel plate reader (PerkinElmer, Inc.). 
Wells with medium but without cells served as the blank 
control. The percentage of MTS signal was calculated and 
compared to that of the solvent control group. Dose‑response 
curves for 1‑3 days of flavonoid exposure were plotted. IC50 
values, specifically the effective concentration that inhib‑
ited 50% MTS signal relative to the solvent control group, 
were obtained by using non‑linear regression (curve fit) on 

GraphPad Prism version 6.07 for Windows (Dotmatics). At 
least three independent experiments were performed, and 
the average IC50 value was reported. Statistical analysis, 
as for example, using a t‑test or ANOVA, is not typically 
performed for reports of IC50 values. Rather, the IC50 values 
of the flavonoids were compared to cisplatin, a conventional 
chemotherapeutic drug for NPC, and used herein as the 
positive control. Cisplatin (0‑300  µM) was assayed for 
1‑3 days. Additionally, calculating the selectivity index of 
the flavonoids and standard chemotherapeutic drugs is also 
useful. The selectivity index (SI) was calculated as the ratio 
of IC50 values in normal cells to cancer cells (43).

xCELLigence cell inhibition assay. The C666‑1, HK1, 
NP460hTERT, NP69SV40T and HaCaT cells were seeded 
at a density of 5,000‑3,0000 cells/100 µl medium/well into 
E‑Plate 16 (ACEA Biosciences, Inc.) for 1 day. The culture 
medium was then aspirated and replaced with 100 µl freshly 
prepared medium containing apigenin, kaempferol, or 
luteolin, or their respective glucoside to a final concentra‑
tion of 25, 50, or 100 µM. Cells in 0.5% DMSO were the 
solvent control group. The growth pattern of the cells was 
monitored dynamically on the impedance‑based real‑time 
cell analyser xCELLigence RTCA DP (ACEA Biosciences, 
Inc.) for a further 76 h at 37˚C in a 5% CO2 atmosphere 
to validate the effect of flavonoids on cells. Throughout 
the 76‑h period, the culture medium was neither aspirated 
nor replaced. The data analysis software used was RTCA 
version  2.0 (ACEA Biosciences, Inc.). The cell index 
was normalised to the time immediately point prior to 
the addition of the flavonoids. At least three independent 
experiments were performed.

Figure 2. Chemical structures of selected flavones and flavonols.
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Molecular docking analyses 
Protein preparation. The three‑dimensional (3D) structure of 
BCL‑w (PDB ID: 2Y6W) (44) was selected and downloaded 
from Protein Data Bank (PDB) (45). Biovia Discovery Studio 
(DS) (Biovia) (46) and AutoDock Tools 1.5.6 (ADT) (47) were 
used to prepare the protein for docking. The protein structure 
was imported to AutoDock to remove the water molecules and 
add the polar hydrogen atoms and Gasteiger charges. Finally, 
the protein structures were saved in pdbqt format.

Ligand preparation. ChemSketch Software version 2019 
(Advanced Chemistry Development, Inc.) was used to draw 
the 2D structures of the selected flavones, flavonols and their 
glycosidic derivatives. Biovia DS was used to convert the 2D 
structures of the compound into their respective 3D structures, 
and the geometry was optimised using a DREIDING‑like 
forcefield. The 3D structures of the ligands were imported 
into AutoDock, where ADT was used to prepare the ligands 
for docking by adding charges, setting the rotatable bonds, 
and allowing all the torsions to rotate for the ligands. All the 
ligands were then saved in pdbqt format.

Identification of the binding site. The binding site of protein 
structure was identified based on the residues previously 
reported in the literature (48). ADT was used to determine the 
Grid Box that covers the entire identified binding site of the 
protein. The coordinates and sizes of the Grid Box were saved 
in the input parameter file.

Molecular docking. After preparing the protein structure, 
ligands and the input parameter file, molecular docking was 
performed using AutoDock Vina 1.1.2. (49,50). The prepared 
ligands were docked into the active sites of the prepared target 
protein. All the docking parameters have remained as default 
settings. The binding affinities of the ligands were recorded 
and compared. The binding poses of the ligands and the mode 
of interactions of the protein‑ligand complex were studied 
using Biovia DS.

Results

In vitro evaluation of NPC cell viability inhibition. A prelim‑
inary screening involving four pure compounds, apigenin, 
kaempferol, luteolin and quercetin, and their respective 
glucosides was performed using MTS assay. Effective 
concentrations required to inhibit 50% MTS signal were 
attained from concentration‑response curves. As a solvent 
control group, DMSO did not influence the percentage of 
MTS signal. Generally, apigenin, kaempferol, luteolin and 
quercetin exerted time‑ and concentration‑dependent inhibi‑
tory effects (Fig. 3A‑D and Table SI). Apigenin, kaempferol, 
luteolin, and quercetin were more effective against the cell 
lines tested; in most cases, IC50 values of apigenin, kaemp‑
ferol, luteolin and quercetin were lower than their glucoside 
equivalents. On the whole, IC50 values of the glucoside equiv‑
alents were unreachable (Fig. 3A‑D and Table SI). However, 
even at the highest concentration tested, vitexin, isovitexin, 
cynaroside, orientin, isoorientin and astragalin did not 
markedly inhibit the cell lines tested (Table SI). Cisplatin, 
a standard chemotherapeutic drug used for the treatment of 
NPC, killed immortalised nasopharyngeal epithelial cells 
and immortalised human skin keratinocytes, in addition 
to NPC cells (Fig. 3E and Table SI). Due to the toxicities 

frequently associated with cisplatin, alternative, less toxic 
treatments are essential. The SI is a calculation used to 
evaluate the toxicity of compounds against normal cells (51). 
A higher SI value means that cancer cells could be killed 
more than normal cells; thus, SI can predict the therapeutic 
potential (51). An SI>2 is favourable for a compound to be an 
effective anticancer agent (43). Thus, herein, where the IC50 
could be attained, the SI values of cisplatin, apigenin, kaemp‑
ferol, luteolin, quercetin and their glucoside equivalents on 
NPC cells against normal cells were determined (Table I). 
Apigetrin was the most selective flavonoid tested between 
normal and NPC cells, with SI values ranging between 2.490 
and 3.073 (Table I).

In order to verify the results of MTS assay, growth 
kinetics were monitored dynamically through the xCEL‑
Ligence system, a real‑time, impedance‑based cell analyser 
used to quantify adherent cell proliferation, cell viability, 
and cytotoxicity non‑invasively. The cell index, a dimension‑
less parameter, increased in correspondence to impedance 
amplification within the electrical circuit caused by more cells 
deposited on the bottom of the well. The cell index represented 
growth or proliferation over time. The normalised cell index 
generated by NPC cells and nasopharyngeal epithelial cells 
in kaempferol was markedly lower than that of the control 
cells; 100 µM kaempferol led to a near‑static normalised cell 
index (Fig. 4A). Apigenin essentially yielded similar results in 
NPC cells and nasopharyngeal epithelial cells, evident from 
the rapid decline of the normalised cell index compared to 
the control cells (Fig. 4B). Luteolin produced a similar effect 
on human skin keratinocytes (Fig.  4C). Cells exposed to 
astragalin (Figs. 3A and 4A) or cynaroside (Figs. 3C and 4C) 
were not inhibited. The normalised cell index in astragalin or 
cynaroside was comparable to the control cells (Fig. 4A and C). 
Finally, dynamic monitoring demonstrated that apigetrin 
inhibited NPC cells and nasopharyngeal epithelial cells to a 
certain extent (Figs. 3B and 4B). Thus, the outcomes of the 
xCELLigence system were in agreement with those of the 
MTS assay.

Docking analyses. C666‑1 and HK1, two cell lines often used 
as cell models for NPC, express all the anti‑apoptotic genes, 
including BCL‑w, apart from for BFL‑1 in C666‑1 (52). In the 
present study, in order to better understand the mechanisms 
of action of the selected flavones, flavonols and their glyco‑
sidic derivatives, molecular docking analyses were carried 
out against BCL‑w as the target site. Cynaroside possessed 
the highest binding affinity among all flavones, flavonols 
and their glycoside derivatives (Table  II). Cynaroside was 
followed by apigetrin, followed by both isoorientin and 
isovitexin. Apigenin and kaempferol had the lowest affinities 
for BCL‑w. In general, the O‑glycosides demonstrated the 
highest binding affinity, followed by the C‑glycosides, and 
the aglycones exhibited the lowest affinities for BCL‑w. The 
evaluation of the binding modes revealed that the binding 
modes of cynaroside and apigetrin were relatively similar, and 
they are bound to the ligand binding pocket (Figs. 5 and 6). 
On the other hand, isoorientin and isovitexin (Figs. 7 and 8) 
exhibited relatively different binding modes from cynaroside 
and apigetrin. Isoorientin and isovitexin bound to a pocket 
adjacent to the pocket where cynaroside and apigetrin were 
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bound. The binding interactions demonstrated by isoorientin 
and isovitexin also differed from those of cynaroside and 
apigetrin. Cynaroside formed hydrogen bonds with glycine 
90 and phenylalanine 102, while it formed hydrophobic inter‑
actions via its chromene ring with arginine 56 and leucine 
86. Apigetrin formed a hydrogen bond with glycine 90 and 
hydrophobic interactions via its chromene ring with arginine 
56 and leucine 86 and the phenyl ring with phenylalanine 
102. The binding interactions of isoorientin and isovitexin 
with the BCL‑w binding site included hydrogen bonds with 
leucine 86 and arginine 95, and hydrophobic interactions via 
its chromene. 

Discussion

Previous studies have demonstrated the inhibitory effects of 
flavonoids on various human cancer cell lines. Flavones and 
flavonols have been reported to be the most bioactive flavonoids 

against gastric and pancreatic cancer (53,54). Among other 
chemicals, kaempferol, apigenin, luteolin and quercetin have 
been shown to inhibit OVCAR‑3 ovarian cancer cell prolifera‑
tion (55). In another study, in human leukaemia Jurkat T‑cells, 
the order of potency at 24 h post‑treatment was apigenin > 
quercetin > kaempferol > myricetin (56). Moreover, among 
various flavonoids, apigenin, genistein and luteolin were shown 
to significantly reduce human colorectal cancer HCT‑116 cell 
growth (57). In addition, amongst other flavones and isofla‑
vones, apigenin was the most effective compound for arresting 
cell growth (57). It was previously demonstrated that apigenin 
7‑glucoside inhibited human promyelocytic leukaemia HL‑60 
cell proliferation (58). Luteolin was shown to inhibit NPC 
CNE2  (59) and NPC HK1, C17, C666‑1 and NPC 43 cell 
growth  (42). Treatment with 100 µM quercetin for 3 days 
was also shown to inhibit NPC C666‑1 and HK1 cells (19). 
Similarly, was found to quercetin abrogate the proliferation 
and induce the death of NPC 5‑8F and C666‑1 cells (22).

Figure 3. IC50 values of (A) kaempferol and astragalin (kaempferol‑3‑O‑glucoside), (B) apigenin and apigetrin (apigenin‑7‑O‑glucoside), (C) luteolin and 
cynaroside (luteolin‑7‑O‑glucoside), (D) quercetin and isoquercitrin (quercetin‑3‑O‑glucoside), and (E) cisplatin, 1‑3 days post‑treatment on C666‑1 and HK1 
(NPC cells), NP460hTERT and NP69SV40T (immortalised nasopharyngeal epithelial cells), and HaCaT (immortalised human skin keratinocyte). Absent bars 
denote unattainable IC50 values at the highest concentration tested.

https://www.spandidos-publications.com/10.3892/wasj.2025.328
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Flavones and flavonols are predominant classes of flavo‑
noids. The structure of flavones has a double bond between 
positions 2 and 3 and a ketone in position 4 of the C ring 
(Fig.  2). Flavonols, also known as 3‑hydroxyflavone, are 
structurally similar to flavones, apart from for the addition 
of a hydroxyl group in position 3 of ring C (Fig. 2). Flavones 
and flavonols occur in nature in a free state (aglycones) and 
as O‑ or C‑glycosides, where the sugar moiety is linked to the 
hydroxy group of the aglycone (O‑glycoside) or directly to the 
carbon atom of the aglycone (C‑glycoside). Apigenin, luteolin, 
kaempferol and quercetin were effective against the cell lines 
tested in the present study. Notably, the inhibitory activity of 
apigenin and luteolin was higher than that of kaempferol and 
quercetin. The number of hydroxy groups on ring B of flavone 
and flavonol aglycones was observed to influence the inhibitory 
effect, as apigenin exhibited better activity than luteolin, whilst 
kaempferol exhibited better activity than quercetin. Apigenin 
and kaempferol have one hydroxy group on ring B, while lute‑
olin and quercetin have two hydroxyl groups on ring B (Fig. 2). 
Thus, increasing the solubility of molecules by introducing 
hydroxy functions may not be suitable for the in vitro assays 
described herein. This was further confirmed by comparing 
aglycones with their respective glycosides. Glycosides are 
bioactive aglycone and glucosyl group conjugations. Aglycones 
(apigenin, kaempferol, luteolin and quercetin) were more effec‑
tive against the cell lines tested as compared to the respective 
O‑glycosides and C‑glycosides (Fig. 3 and Table SI). In vitro, 
the inhibitory effect of O‑glycosides was relatively higher than 
their corresponding C‑glycosides. Even at the highest concen‑
tration tested, C‑glycosides (vitexin, isovitexin, orientin, and 
isoorientin) had no marked inhibitory effect on the cell lines 
assessed (Table SI). Such a report on NPC cells has not been 
made available to date, at least to the best of our knowledge. 
However, one limitation of the present study is the absence of 
statistical analysis. 

 The efficacy of flavonoids and their glycoside derivatives 
in inhibiting NPC cells has been well‑documented (29). It 
has been shown that these compounds exhibit significant 
anticancer effects, such as the induction of apoptosis and 

induction of numerous signalling pathways, thus inhibiting 
NPC cell growth and proliferation  (60). Flavonoids are 
known to neutralize free radicals, reduce oxidative stress 
and modulate inflammatory responses, which are essential 
in preventing cancer progression and causing cell cycle 
arrest (61). It has been shown that the use of 100 µM quercetin 
arrested HK1 NPC cells at the G2/M phase (19). Moreover, 
quercetin was found to decrease the expression of fatty acid 
synthase (FASN) and Ki67 (19). The expression of FASN is 
elevated in highly proliferating cancer cells to accommodate 
intensified fatty acid synthesis (62), while Ki67 antigen is a 
cell proliferation marker. Luteolin is particularly effective 
in triggering ferroptosis and inhibiting the proliferation of 
NPC cells. It interferes with pathways involved in cancer cell 
survival and growth (63). Additionally, quercetin or luteolin, 
combined with cisplatin, produced synergistic effects 
against NPC cells  (19,42). Morusin, a flavonoid obtained 
from the Morus plant, targets various molecular targets 
and signalling pathways, hindering the growth of NPC (64). 
Glycoside derivatives of flavonoids have an advantage over 
aglycones due to their enhanced bioavailability and targeted 
actions, which improve their anticancer effects. Glycoside 
derivatives improve the bioavailability of flavonoids, leading 
to increased apoptotic protein expression and ultimately 
causing cell death in cancer cells (65). Moreover, glycoside 
derivatives have demonstrated targeted effects on various 
cancer cells, triggering necroptosis, apoptosis, and cell cycle 
arrest (65). 

BCL‑w is an anti‑apoptotic member of the B‑cell 
lymphoma‑2 (BCL‑2) family of proteins that integrate signals 
that prompt cell survival or apoptosis (66). Several signalling 
pathways control the BCL‑w level. BCL‑w levels have been 
found to be elevated in various types of cancer. Increased 
levels of BCL‑w may be ascribed to the abnormal activa‑
tion of signalling cascades involved in regulating BCL‑w 
expression (67). Increased levels of BCL‑w, together with 
oncogene activation, contribute to cancer development and 
progression. The inhibition of BCL‑w may benefit patients 
with cancer. To date, to the best of our knowledge, no known 
agents selectively target BCL‑w (67). BCL‑w exhibits a high 
conformational flexibility (67). Therefore, it would be advan‑
tageous to elucidate how this conformational flexibility could 
be used to develop inhibitors selective of BCL‑w (67). Drugs 
and natural compounds that affect BCL‑w levels, including 
the downregulation of BCL‑w protein expression levels by 
cisplatin in the JHU‑029 head and neck squamous cell carci‑
noma cell line, have been reviewed comprehensively (67). 
Quercetin has been shown to decrease BCL‑w mRNA expres‑
sion in N2a mouse neuroblastoma cell line (68). The docking 
scores of matrine, used to treat diverse cancers, including 
NPC, and matrine‑derivatives, have been reported  (48). 
However, to the best of our knowledge, no study available to 
date has described the potential of flavonoids to be developed 
as inhibitors selective for BCL‑w in NPC.

Flavonoids induce the apoptosis of cancer cells by binding 
to BCL‑w and disrupting its anti‑apoptotic function (69). 
A comparison of the binding sites of different flavonoids 
with BCL‑w reveals both similarities and differences in 
their molecular interactions and structural features  (70). 
Variations in binding affinities to BCL‑w among different 

Table II. Docking scores of the selected flavones, flavonols 
and their glycosidic derivatives.

Ligand	 Binding affinity (Kcal/mol)

Apigenin	 ‑6.9
Apigetrin	 ‑8.8
Astragalin	 ‑7.9
Cynaroside	 ‑9.1
Isoorientin	 ‑8.2
Isoquercitrin	 ‑7.9
Isovitexin	 ‑8.2
Kempferol	 ‑6.9
Luteolin	 ‑7.7
Orientin	 ‑7.9
Quercetin	 ‑7.1
Vitexin	 ‑7.6

https://www.spandidos-publications.com/10.3892/wasj.2025.328
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flavonoids can affect their potency and efficacy in inducing 
apoptosis. The specific amino acids involved in binding 
interactions may differ among flavonoids, leading to varia‑
tions in their biological activity (70). Structural features 
of flavonoids, such as the presence of hydroxyl groups and 
glycosylation, can influence their binding to BCL‑w and 
overall biological activity. The hydroxyl groups of flavo‑
noids form hydrogen bonds with specific amino acids in the 
binding site of BCL‑w, enabling interaction and potential 
inhibition of BCL‑w activity  (71). However, differences 
in the orientation and positioning of these groups among 
different flavonoids can result in varying degrees of binding 

affinity and biological activity. Flavonoids with higher 
binding affinity and optimal structural features are more 
effective at inducing apoptosis in cancer cells by disrupting 
BCL‑w function (67). For example, a flavonoid with addi‑
tional hydroxyl groups may exhibit stronger interactions 
with key amino acids in the binding site, leading to increased 
biological activity by enhancing the inhibition of BCL‑w. 
Conversely, another flavonoid with a different orientation 
of hydroxyl groups may have reduced binding affinity and 
lower biological activity. Therefore, understanding these 
structural differences in binding sites and their impact on 
biological activity is essential for the rational design of 

Figure 4. Continued.
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Figure 4. Growth kinetics represented by time (x‑axis) and normalised cell index (y‑axis) generated by xCELLigence system depicting the effect of 
(A) kaempferol and astragalin (kaempferol‑3‑O‑glucoside), (B) apigenin and apigetrin (apigenin‑7‑O‑glucoside), on C666‑1 and HK1 (NPC cells), NP460hTERT 
and NP69SV40T (immortalised nasopharyngeal epithelial cells), and (C) luteolin and cynaroside (luteolin‑7‑O‑glucoside) on HaCaT (immortalised human 
skin keratinocyte).

https://www.spandidos-publications.com/10.3892/wasj.2025.328
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flavonoid‑based compounds with enhanced BCL‑w inhibi‑
tory effects (70).

In the present study, cynaroside exhibited the highest 
binding affinity for BCL‑w, followed by apigetrin, while isoori‑
entin and isovitexin exhibited moderate affinities. Apigenin 
and kaempferol recorded the lowest affinities for BCL‑w. The 
structural variances between the compounds, such as the pres‑
ence and position of the sugar groups, markedly influence their 
binding affinities and, consequently, their biological activi‑
ties (72). Overall, the O‑glycosides demonstrated the highest 
binding affinities, followed by the C‑glycoside glycosides, with 
aglycones having the least affinity for BCL‑w. The presence 
of glycoside moieties enhances the binding affinity compared 
to the aglycones, which lack the sugar groups. Additionally, 
the glycoside moiety enhances solubility and bioavailability, 
which is crucial for the interaction with BCL‑w (73). The 
higher binding activity of the O‑glycosides compared to 
the C‑glycosides may be attributed to their flexibility. The 
O‑glycoside bond provides more flexibility compared to the 
C‑glycoside bond, facilitating better fitting and binding to the 
protein's active site (65). O‑glycosides are relatively stable 
in physiological conditions, leading to sustained interactions 
with target proteins (74). The higher the binding activity to 

BCL‑w, the more effective the compound will likely be in 
disrupting its anti‑apoptotic function and inducing apoptosis 
in cancer cells.

In conclusion, in the present study, 12 flavonoids were 
screened in  vitro for cell inhibition. The present study 
demonstrated that apigenin, kaempferol, luteolin and quer‑
cetin consistently inhibited NPC cells, nasopharyngeal 
epithelial cells, or skin keratinocytes. Inhibition by apigenin, 
kaempferol, luteolin and quercetin was more notable than 
their glucoside equivalents. O‑glycosides inhibited cells to 
a lesser extent, whilst C‑glycosides, namely vitexin, isovi‑
texin, orientin and isoorientin, did not exert any inhibitory 
effect. The molecular docking analyses highlighted the rela‑
tive binding affinities of the selected flavonoids to BCL‑w, 
indicating that glycosides, particularly O‑glycosides, such as 
cynaroside, have superior binding capabilities compared to 
aglycones like apigenin and kaempferol. This suggests that 
structural modifications, such as glycosylation, enhance the 
anticancer efficacy of flavonoids. The molecular docking 
analyses also revealed the importance of the chromene rings 
of flavones, flavonols and their glycosidic derivatives in 
forming critical hydrophobic interactions with the binding 
site residues of BCL‑w. These findings can be further used in 

Figure 6. Docking pose of apigetrin in the ligand binding site of BCL‑w 
(PDB ID: 2Y6W).

Figure 7. Docking pose of isoorientin in the ligand binding site of BCL‑w 
(PDB ID: 2Y6W).

Figure 5. Docking pose of cynaroside in the ligand binding site of BCL‑w 
(PDB ID: 2Y6W).

Figure 8. Docking pose of isovitexin in the ligand binding site of BCL‑w 
(PDB ID: 2Y6W).
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designing new derivatives with better binding affinity with 
BCL‑w protein.
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