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Abstract. Hypopharyngeal squamous cell carcinoma (HSCC) 
is a relatively rare form of head and neck cancer that is noto‑
rious for its poor prognosis and low overall survival rate. 
This highlights the need for new therapeutic options for this 
malignancy. The objective of the present study was to examine 
the ability of caffeic acid phenethyl ester (CAPE), which is an 
active compound found in propolis, to combat HSCC tumor 
growth. CAPE exerted its tumor‑suppressive activity in HSCC 
cell lines through the induction of apoptosis. Mechanistically, 
the CAPE‑mediated apoptotic process was attributed to the 
perturbation of the mitochondrial membrane potential and the 
activation of caspase‑9. CAPE also modulated survivin and 
X‑linked inhibitor of apoptosis, which are potent members 
of the inhibitors of apoptosis protein family, either through 
transcriptional or post‑translational regulation, leading to 
HSCC cell line death. Therefore, the findings of the present 
study suggested that CAPE is an effective treatment alterna‑
tive for HSCC via the stimulation of mitochondria‑dependent 
apoptosis.

Introduction

Hypopharyngeal squamous cell carcinoma (HSCC) is a 
type of cancer that originates in the cells lining the bottom 
of the throat, known as the hypopharynx, which connects 
the esophagus to the larynx. Although this type of cancer 

represents only a small fraction of all head and neck cancers, 
its prognosis is markedly worse compared with other types 
of head and neck cancer, characterized by an overall 5‑year 
survival rate of ~30 to 35% (1). There are three main treatment 
options for hypopharyngeal cancer: i) Surgery, ii) radio‑
therapy and iii) chemotherapy; however, the optimal therapy 
regimen depends mainly on the stage of the cancer. Recently, 
a multidisciplinary regimen involving surgery or radiotherapy 
with chemotherapy simultaneously has been recommended 
to treat advanced HSCC (2). Due to its specific localization 
near the larynx, chemoradiotherapy is preferred over surgical 
resection with adjuvant chemotherapy, to preserve laryngeal 
functions, including breathing, swallowing and speaking (2). 
In this context, regardless of the selected regimen, in HSCC, 
chemotherapy can be beneficial for shrinking tumor lesions, 
mitigating locoregional recurrence and improving disease‑free 
survival (3), thereby highlighting the need for novel chemo‑
therapeutic drugs with high efficacy.

Caffeic acid phenethyl ester (CAPE) is the primary biologi‑
cally active phenolic compound found in honeybee propolis 
and has been documented to have anti‑inflammatory, antioxi‑
dant, antiviral and anti‑microbial features (4). CAPE has also 
been identified as a prospective anticancer drug candidate due 
to its selective cytotoxicity toward cancer cells (5). Its thera‑
peutic versatility has been demonstrated based on its efficacy 
as a chemotherapeutic adjuvant, as it potentiates the effective‑
ness of therapy while mitigating the chemotherapy‑induced 
side effects in various cancers (6). Moreover, CAPE treatment 
also inhibits the proliferation, survival and invasion of oral 
cancer cells by inhibiting various signaling pathways, such 
as EGFR, Akt and NF‑κB signaling (7‑9). However, further 
exploration of the antitumor effects of CAPE specifically on 
hypopharyngeal cancer remains necessary.

Inhibitors of apoptosis proteins (IAPs) comprise a family 
of proteins that controls cell death. Survivin and X‑linked IAP 
(XIAP) are the essential members of the IAP family; they 
exert inhibitory effects on caspase‑activity and are recognized 
as promising therapeutic targets of cancer therapy due to their 
overexpression in a variety of cancers (10,11). Survivin, which 
is well known for its ability to inhibit apoptosis and regulate 
the cell cycle, exhibits high expression in most cancers and is 
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associated with tumor aggressiveness and unfavorable clinical 
outcomes (12). Furthermore, the expression of survivin has 
been linked to a poor prognosis and short overall survival, 
rendering it a possible diagnostic marker for head and neck 
squamous cell carcinoma (13,14). XIAP is the most powerful 
member of the IAP family, as it directly interacts with, and 
counteracts caspases 3, 7 and 9 (15). It has been documented 
that XIAP expression appears to represent a negative predictor 
of prognosis in head and neck cancer (16) and in laryngeal 
carcinoma (17). Moreover, survivin and XIAP can be combined 
to form a complex known as IAP‑IAP, in which they work 
together to counteract the activity of caspase‑9 (18). Thus, it 
may be a promising approach to develop novel medications 
that concurrently target survivin and XIAP during cancer 
therapy.

In the present study, the pharmacological activity of CAPE 
regarding the induction of intrinsic mitochondrial apoptosis, 
which was ascribed to the concurrent inhibition of the survivin 
and XIAP proteins was assessed, suggesting that CAPE is a 
potent drug candidate in the therapy of HSCC.

Materials and methods

Cell culture and reagents. The FaDu and SNU‑1041 human 
HSCC cell lines were purchased from the Korean Cell Line 
Bank (Seoul, Republic of Korea) and cultured in either 
Minimum Essential Medium (FaDu) or RPMI‑1640 medium 
(SNU‑1041) from Welgene, Inc. containing 10% FBS (Welgene, 
Inc.) and 1% penicillin/streptomycin (P/S). The IHOK cell line 
was kindly provided by Yonsei University (Seoul, Republic of 
Korea) and cultured in KBM™ Gold Keratinocyte Growth 
Basal Medium (Lonza Group, Ltd.) supplemented with 
KGMTM‑2 Keratinocyte Growth Medium‑2 SingleQuots™ 
Supplements and Growth Factors (Lonza Group, Ltd.). The 
cells were incubated at 37˚C in a humidified environment with 
5% CO2. All experiments were conducted when the cells had 
grown to ~50% confluence. All chemicals were dissolved in 
DMSO and stored at ‑20˚C. CAPE was purchased from Santa 
Cruz Biotechnology, Inc. Each cell line was divided into two 
groups for further analysis of cellular responses to CAPE 
treatment: i) The vehicle control group and ii) the CAPE 
(70 µM for FaDu and 100 µM for SNU‑1041 and IHOK) 
treatment group. Vehicle‑ and CAPE‑treated cells were incu‑
bated at 37˚C for 24 h. For pre‑treatment of inhibitors for 1 h 
(Z‑VAD‑FMK) or 2 h (CHX and MG132) at 37˚C, each cell 
line was divided into following two groups: i) Vehicle control 
group and ii) Z‑VAD‑FMK (10 µM), CHX (100 ng/ml for 
FaDu and 50 ng/ml for SNU‑1041), and MG132 (800 nM) 
treatment group.

Trypan blue assay. FaDu, SNU‑1041 and IHOK cells at 50% 
confluency were treated with vehicle or CAPE. Trypan blue 
solution in a concentration of 0.4% (Corning, Inc.) was used 
to stain the cells at a 1:1 ratio at room temperature (RT). 
Immediately, after staining, cell viability was evaluated auto‑
matically using a CytoSMART cell counter (Corning, Inc.).

Soft agar assay. Basal Medium Eagle (BME; Sigma‑Aldrich,) 
was dissolved in distilled water (DW) supplemented with 
sodium bicarbonate, resulting in a 2X BME solution, then 

filtered using a 0.2‑µm filter (Sartorius AG). A mixture 
containing 1.25% agar, 2X BME, FBS, PBS, l‑glutamine and 
gentamicin was then prepared. A total of 3 ml of the 1.25% agar 
mixture containing the indicated amounts of CAPE (70 µM 
for FaDu and 100 µM for SNU‑1041) was added to each well 
of the 6‑well plates. The agar mixture was then allowed to 
solidify for 2 h at RT. Subsequently, a 10% BME solution was 
prepared by diluting 2X BME with DW and supplementing 
with l‑glutamine, gentamicin and FBS. FaDu and SNU‑1041 
cells were suspended in the 10% BME solution and mixed 
with 1.25% agar. After mixing, 1 ml of the mixture containing 
0.8x104 cells was added directly onto the 6‑well solid‑bottom 
agar plates. The plates were incubated at RT for 2 h for agar 
solidification and then placed in a humidified incubator at 37˚C 
with 5% CO2 for a period of ~4 weeks. The 6‑well plates were 
supplemented once a week with 150 µl of complete medium 
containing the indicated concentrations of CAPE, to prevent 
agar desiccation. Images of cell colonies were captured using a 
CKX53 microscope (Olympus Corporation) and colony counts 
were analyzed automatically using the ImageJ software, 
version 1.53t (National Institutes of Health).

Sphere formation assay. Cells were suspended in a serum‑free 
medium supplemented with 0.01X N‑2 and B‑27 supple‑
ments, 25 ng/ml of human basic fibroblast growth factor 
(bFGF; Invitrogen; Thermo Fisher Scientific, Inc.) and human 
epidermal growth factor (EGF; Thermo Fisher Scientific, 
Inc.) and 1% P/S. The cells (1x104 cells/well) were cultured 
in ultralow attachment 6‑well plates (Corning, Inc.) for 5 days 
(FaDu) and 11 days (SNU‑1041). Spheres were randomly 
photographed using an inverted light microscope (Nikon 
Corporation) and counted automatically using ImageJ soft‑
ware, version 1.53t. 

Evaluation of nuclear morphological changes. FaDu and 
SNU‑1041 cells, which were treated with either a vehicle or 
CAPE when they reached ~50% confluence were fixed with 
70% ethanol at ‑20˚C overnight and stained with a DAPI solu‑
tion (2 µg/ml; MilliporeSigma) on a glass slide for 10 min at 
RT. Images of the nuclear morphological changes occurring 
in apoptotic cells were captured by fluorescence microscopy 
(Leica DMi8; Leica Microsystems GmbH).

Measurement of cell‑cycle distribution. After treating the 
cells with vehicle or CAPE when they reached ~50% conflu‑
ence, FaDu and SNU‑1041 cells were fixed with 70% ethanol 
overnight at ‑20˚C and  stained with a propidium iodide (PI) 
solution (20 µg/ml; MilliporeSigma) containing RNase A 
(20 µg/ml; Thermo Fisher Scientific Inc.) at 37˚C for 15 min. 
Cell‑cycle distribution was then assessed by an LSRFortessa 
X‑20 flow cytometer (BD Biosciences) and analyzed using the 
FlowJo software, version 10.8.1 (FlowJo LLC).

Determination of apoptotic cell populations. FaDu and 
SNU‑1041 cells, which were treated with either a vehicle or 
CAPE when they reached approximately 50% confluence 
were stained with FITC Annexin V Apoptosis Detection Kit 
(cat. no. 556547; BD Pharmingen; BD Biosciences), according 
to manufacturer's instructions. In brief, the cells were stained 
with Annexin V for 15 min at RT and then stained with PI on 
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ice just before evaluation using a flow cytometer. The apoptotic 
population was evaluated using an LSRFortessa X‑20 flow 
cytometer (BD Biosciences) and analyzed using the FlowJo 
software, version 10.8.1.

Western blot analysis. Total protein lysates were extracted 
using 1X RIPA buffer (MilliporeSigma) including cOmplete™, 
Mini protease inhibitor cocktails (Roche Diagnostics) and 
Pierce™ phosphatase inhibitor tablets (Thermo Scientific; 
Thermo Fisher Scientific, Inc.). A quantitative analysis of 
protein concentrations was carried out using a DC Protein 
Assay Kit (Bio‑Rad Laboratories, Inc.). Equal amounts of 
protein were loaded in each lane of the gel, but this amount was 
adjusted according to the protein examined. Protein lysates 
were separated using SDS‑PAGE. The separated proteins 
were then electrotransferred onto a PVDF membrane. The 
membrane was blocked with 5% skim milk in TBST including 
0.05% Tween 20 (Duchefa Biochemie) for 1 h 30 min at RT, 
to prevent non‑specific binding of antibodies to the membrane. 
Subsequently, the membrane was thoroughly rinsed with 
TBST, incubated with the designated primary antibodies 
overnight at 4˚C, then exposed to HRP‑conjugated secondary 
antibodies for 4 h at 4˚C. The protein bands of interest were 
visualized using the WestGlow™ PICO PLUS chemilumines‑
cent Substrate (BIOMAX) on an X‑ray film or using the Image 
Quant LAS 500 system (Cytiva). β‑actin was used as a loading 
control. The intensity of protein bands was quantified using 
ImageJ software, version 1.53t. Information concerning the 
antibodies used as well as the amount of loaded protein and 
the percentages of the gels for the experiments conducted are 
presented in Table I.

Assessment of changes on the mitochondrial membrane poten‑
tial (ΔΨm). The effects of CAPE on the ΔΨm were determined 

using a MitoScreen JC‑1 kit (cat. no. 551302; BD Pharmingen; 
BD Biosciences), according to the manufacturer's protocols. 
Briefly, FaDu and SNU‑1041 cells were washed twice with 
PBS and incubated with a 1X JC‑1 working solution for 30 min 
at 37˚C. The stained cells were washed and resuspended in 1X 
assay buffer, then analyzed using an LSRFortessa X‑20 flow 
cytometer (BD Biosciences) and interpreted using the FlowJo 
software, version 10.8.1.

Cytosolic and mitochondrial f ractionation. Vehicle‑ 
or CAPE‑treated FaDu and SNU‑1041 cells were 
separated into cytosolic and mitochondrial extracts using the 
Mitochondria/Cytosol Fractionation Kit (cat. no. ab65320; 
Abcam), according to the manufacturer's protocols. In brief, 
the cells were resuspended in 1X cytosol extraction buffer mix 
including protease inhibitors and DTT, vortexed for 2 min and 
placed on ice for 10 min, to allow complete disruption of cell 
membranes. Following centrifugation for 15 min at ‑10,000 x g 
at 4˚C, the supernatants (including the cytosolic fraction of 
the cells) were carefully transferred to new microtubes. The 
remaining cell pellets were washed with PBS, resuspended in 
1X mitochondrial extraction buffer mix containing protease 
inhibitors and DTT, vortexed for 10 sec, and centrifuged 
using the aforementioned conditions. The resulting superna‑
tants (including the mitochondrial fraction of the cells) were 
collected in new microtubes.

Reverse transcription‑quantitative PCR (RT‑qPCR). TRIzol® 
reagent (Thermo Fisher Scientific, Inc.) was utilized to extract 
total RNA from FaDu and SNU‑1041 cells and 1 µg of the 
extracted RNA was reverse transcribed into cDNA using 
the AMPIGENE cDNA Synthesis Kit (Enzo Life Sciences, 
Inc.): 42˚C for 30 min and 85˚C for 10 min. The resulting 
cDNA was used as the input for PCR using the AMPIGENE 

Table I. List of antibodies and conditions used for western blot analysis.

    Gel Protein
    percentage loading
Antibody name Source Company (cat. no.) Dilution  (%) amount

c‑caspase‑3 Rabbit Cell Signaling Technology, Inc. (#9664) 1:1,000 15  25 µg
c‑PARP Rabbit Cell Signaling Technology, Inc. (#9541) 1:2,000 8  25 µg
c‑caspase‑9 Rabbit Cell Signaling Technology, Inc. (#9501) 1:2,000 12  30 µg
c‑caspase‑8 Rabbit Cell Signaling Technology, Inc. (#9496) 1:2,000 12  40 µg
Bid (tBid) Rabbit Cell Signaling Technology, Inc. (#2002) 1:1,000 15  25 µg
Cytochrome c Mouse BD Pharmingen (#556433) 1:1,000 15  30 µg
Cox IV Rabbit Abcam (#ab16056) 1:1,000 15  15 µg
α‑Tubulin Mouse Santa Cruz Biotechnology, Inc. (#sc‑5286) 1:3,000 12  15 µg
Survivin Mouse Cell Signaling Technology, Inc. (#2802) 1:1,000 15  25 µg
XIAP Rabbit Cell Signaling Technology, Inc. (#14334) 1:3,000 12  20 µg
β‑actin Mouse Santa Cruz Biotechnology, Inc. (#sc‑47778) 1:3,000 12  15 µg
Goat Anti‑Rabbit IgG antibody (HRP)  GeneTex, Inc. (#GTX213110‑01) 1:3,000  
Goat Anti‑Mouse IgG antibody (HRP)  GeneTex, Inc. (#GTX213111‑01) 1:3,000  

c‑PARP, cleaved poly(ADP‑ribose) polymerase; Bid, BH3 interacting domain death agonist; Cox IV, cytochrome c oxidase subunit 4I1; XIAP, 
X‑Linked inhibitor of apoptosis; HRP, horseradish peroxidase.
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qPCR Green Mix Hi‑Rox reagent (Enzo Life Sciences, Inc.). 
Real‑time PCR was carried out on an Applied Biosystems 
StepOne Plus Real‑Time PCR System (Applied Biosystems) 
using the following conditions for all genes: 95˚C for 2 min, 
followed by 40 cycles at 95˚C for 10 sec and 60˚C for 30 sec. 
The amount of the GAPDH gene was used to normalize the 
relative amount of each gene, which was measured using the 
2‑ΔΔCq method (19). The qPCR primers used in this experi‑
ment were as follows: Survivin forward, 5'‑ACT TGG CCC 
AGT GTT TCT T‑3' and reverse, 5'‑GAC AGA AAG GAA 
AGC GCA AC‑3'; XIAP forward, 5'‑TGG TAT CCA GGG 
TGC AAA TAT C‑3' and reverse, 5'‑GTT CTT ACC AGA CAC 
TCC TCA AG‑3'; and GAPDH forward, 5'‑GTG GTC TCC 
TCT GAC TTC AAC‑3' and reverse, 5'‑CCT GTT GCT GTA 
GCC AAA TTC‑3'. The primers were designed based on the 
NCBI‑BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) refer‑
ence sequences: Survivin‑CR541740.1, XIAP‑BC032729.1 
and GAPDH‑BC083511.1. The detailed primer binding sites 
of respective proteins are included in the Figs. S1‑S3.

Statistical analysis. All graphs were generated using GraphPad 
Prism, version 8.0 (GraphPad Software; Dotmatics) and all 
statistical analyses were performed using SPSS, version 26.0 
(IBM, Corp). The results of three independent biological 
experiments are presented as the average (mean) value together 
with the measure of variation [standard deviation (SD)] for all 
data. Statistical significance was determined by conducting 
either an unpaired two‑tailed Student's t‑test or a one‑way 
ANOVA with Tukey's post hoc test. P<0.05 was considered to 
indicate a statistically significant difference. 

Results

CAPE inhibits the anchorage‑dependent and independent 
growth of HSCC cell lines. To examine the impacts of CAPE 
on HSCC cell growth, a trypan blue assay was performed on 
two HSCC cell lines, FaDu and SNU‑1041, which had been 
treated with CAPE for 24 h. As revealed in Fig. 1A, the growth 
of the two cell lines was significantly reduced after treatment 
with CAPE, but not with the vehicle control. Notably, it was 
observed that CAPE worked less effectively in the IHOK 
cell line, immortalized human oral keratinocytes, compared 
with HSCC cell lines, suggesting that CAPE could selectively 
attenuate the growth of cancer cells rather than affect normal 
cells (Fig. S4). A soft agar assay was then conducted to further 
evaluate the influence of CAPE on the anchorage‑independent 
growth of the HSCC cell lines. As displayed in Fig. 1B, the 
clonogenic activity of the two cell lines was attenuated by 
CAPE treatment, as indicated by the reduced size and number 
of the cell colonies. Furthermore, to examine the tumor 
suppressive capability of CAPE in a 3D culture system, a 
sphere‑formation assay was carried out. As demonstrated 
in Fig. 1C, the sphere‑forming ability of both cell lines was 
strongly inhibited in CAPE‑treated cells compared with 
control cells. These findings suggested that CAPE thwarts cell 
growth and carcinogenesis in these HSCC cell lines.

CA PE  i m p e d e s  t u m o r ige n i c i t y  b y  t r igge r i ng 
caspase‑dependent apoptosis in HSCC cell lines. To confirm 
whether the observed cytotoxic effect of CAPE on HSCC 

cell lines was caused by the activation of apoptotic signaling, 
three apoptosis detection assays were employed. First, 
the morphological changes in the nuclei of CAPE‑treated 
cells compared with vehicle‑treated cells were evaluated; 
fragmented or condensed nuclei were observed, which are 
regarded as typical morphological signs of apoptosis (Fig. 2A). 
Subsequently, whether cell populations within the sub‑G1 
phases expanded after CAPE treatment was investigated. 
As illustrated in Fig. 2B, a significant increase in the sub‑G1 
population in both cell lines was observed after the application 
of CAPE. Finally, apoptotic cell populations were measured 
using annexin/PI double staining, to investigate further the 
effect of CAPE on the induction of apoptosis. It was also 
revealed that CAPE treatment enhanced the populations 
within the early and late apoptotic compartments (Fig. 2C). 
Based on these results, whether the apoptosis stimulated in 
the cells exposed to CAPE was dependent on the activation 
of caspase signaling, was examined. As shown in Fig. 3A, the 
CAPE treatment notably stimulated the formation of cleaved 
forms of caspase‑3 (c‑caspase‑3) and induced the expression 
of cleaved poly(ADP‑ribose) polymerase (c‑PARP). To obtain 
evidence to corroborate these results, the cells were treated 
with Z‑VAD‑FMK, which is a caspase‑inhibitor, for 1 h before 
exposing them to CAPE treatment for 24 h, to investigate 
whether CAPE can induce caspase‑dependent apoptosis in the 
two cell lines. As expected, the induction of the expression 
of c‑caspase‑3 and c‑PARP and annexin V‑positive compart‑
ments by the CAPE treatment was reversed by pre‑treatment 
of the cells with Z‑VAD‑FMK (Fig. 3B and C). Taken together, 
these results indicated that CAPE considerably attenuates the 
growth of HSCC cells, possibly by triggering caspase‑depen‑
dent apoptotic processes.

CAPE exerts cell‑killing effects through the activation of mito‑
chondrial apoptotic signaling in HSCC cell lines. Apoptosis 
can be triggered via two primary pathways, the extrinsic or 
intrinsic pathway, with formation of cleaved caspase‑8 and 
caspase‑9 being considered a typical marker of each pathway, 
respectively. Therefore, the pathway which was responsible 
for the apoptotic cell‑killing effect in cells that were subjected 
to CAPE treatment was investigated. After exposure of both 
cell lines to CAPE for 24 h, an increase in the expression of 
cleaved caspase‑9 (c‑caspase‑9), but not of cleaved caspase‑8 
(c‑caspase‑8), Bid, and t‑Bid were observed, indicating that 
CAPE may promote intrinsic apoptosis signaling (Fig. 4A). 
In the intrinsic pathway, mitochondria lose their ΔΨm and 
exhibit increased membrane permeabilization, which causes 
the release of proteins from the mitochondrial intermembrane 
spaces, such as cytochrome c (20). To demonstrate further the 
impact of CAPE on the activation of the intrinsic apoptotic 
pathway, changes in ΔΨm were measured by employing 
the JC‑1 fluorescent dye. As expected, the number of JC‑1 
aggregates (red fluorescence) was decreased in cells treated 
with CAPE, indicating that the treatment caused a reduc‑
tion in the ΔΨm (Fig. 4B). Next, it was investigated whether 
the changes in the ΔΨm caused by CAPE led to the outer 
mitochondrial membrane permeabilization, causing the 
release of cytochrome c. Cytochrome c oxidase subunit 4I1 
(Cox IV), a cytochrome c oxidase enzyme located within the 
inner membrane of the mitochondria (21), and α‑tubulin, a 
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cytoplasmic marker protein (22), were used as mitochondrial 
and cytosol loading controls, respectively. As demonstrated in 
Fig. 4C, it was found that cytochrome c was transferred from 
the mitochondria to the cytosol, as indicated by the decrease 
in cytochrome c detected in the mitochondria and the increase 
in cytochrome c observed in the cytosol in response to CAPE. 
Accordingly, the apoptosis observed in the two CAPE‑treated 
cell lines was attributed to an intrinsic mitochondrial signaling 
process.

CAPE induces an apoptotic signaling cascade by blocking the 
anti‑apoptotic proteins survivin and XIAP. As aforementioned, 
survivin and XIAP are the major members of the IAP family, 
and both hinder apoptosis, leading to the increased survival of 
cancer cells (23). Therefore, the expression of survivin and XIAP 
were investigated to determine the exact mechanism underlying 
CAPE‑mediated apoptosis. As expected, CAPE administration 
resulted in the downregulation of both proteins (Fig. 5A). Next, 
to investigate whether the changes observed for the two proteins 
were caused by transcriptional regulation, the corresponding 
mRNA expression levels were measured. As revealed in Fig. 5B, 
CAPE downregulated the survivin mRNA, but not the XIAP 
mRNA, suggesting that survivin alone was regulated at the tran‑
scriptional level. Therefore, it was hypothesized that XIAP is 
regulated at the post‑translational level, and it was investigated 
whether CAPE compromises the stability of this protein. In 
advance of implementing cycloheximide (CHX) and MG132 

experiments, a time‑course experiment was conducted to verify 
the exact time point of XIAP degradation by CAPE and to mini‑
mize its potential effect on cell viability. In Fig. S5, XIAP was 
downregulated after 6 h of CAPE treatment in both cell lines. 
The time was determined when a 1‑h pretreatment of inhibi‑
tors was followed by subsequent CAPE treatment for 6 h. As 
depicted in Fig. 5C, the level of the XIAP protein was decreased 
in the two cell lines after co‑treatment with CHX (a protein 
synthesis inhibitor) and CAPE, which may indicate that XIAP 
was controlled by post‑translational regulation, particularly via 
protein degradation. Thus, the cells were subsequently treated 
with MG132 (a proteasome inhibitor) for 2 h prior to CAPE 
treatment, to explore whether XIAP protein degradation was 
accelerated by CAPE in a proteasome‑dependent manner. In 
Fig. 5D, MG132 treatment restored the downregulated levels of 
expression of the XIAP protein in the CAPE‑treated groups in 
both cell lines. Consequently, these data indicated that CAPE 
exerts its apoptosis‑inducing effects on HSCC cells by down‑
regulating two anti‑apoptotic proteins, survivin and XIAP, via 
either transcriptional or post‑translational regulation.

Discussion

In the present study, the potential of the bioactive component 
CAPE to treat HSCC via the induction of mitochondrial apop‑
tosis was demonstrated and was achieved by blocking two 
potent anti‑apoptotic proteins, survivin and XIAP.

Figure 1. Effect of CAPE on the growth and tumorigenicity of hypopharyngeal squamous cell carcinoma cell lines. FaDu and SNU‑1041 cells were treated 
with DMSO or CAPE (FaDu, 70 µM and SNU‑1041, 100 µM) for 24 h. (A) Cell viability was measured by trypan blue assay. (B) The images depict the soft 
agar assay (left panel). Colonies were automatically counted by the ImageJ software (right panel). Magnification, x40; scale bar, 200 µm. (C) Representative 
images of spheres formed in CAPE‑treated cells and control cells (right panel). Magnification, x100; scale bar, 100 µm. Spheres were automatically counted 
by the ImageJ software (left panel). All graphs express the mean ± SD of three independent experiments. *P<0.05; unpaired two‑tailed Student's t‑test. CAPE, 
caffeic acid phenethyl ester; Con, control.
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In the present study, cells were initially treated with 
both 100 and 120 µM of CAPE for 24 h and it was observed 
that 120 µM of CAPE significantly decreased the expres‑
sion of β‑actin indicating excessive cytotoxicity (Fig. S6A). 
Consequently, the concentrations were adjusted to a range of 
60‑100 µM, ensuring that the expression of β‑actin remained 
constant while c‑PARP increased suitably (Fig. S6B). While 
a higher CAPE dose could induce more prominent apoptotic 
effects, it also carried a risk of causing excessive cytotoxicity 
in both normal and cancer cells. Based on the aforemen‑
tioned data, 70 µM CAPE for FaDu and 100 µM CAPE for 
SNU‑1041 were employed, to demonstrate its anticancer thera‑
peutic potential, while avoiding any significant effect on the 
expression of β‑actin. Several previous studies have employed 
varying concentrations of the same drug for different cell lines 
in vitro (24‑27). In the case of CAPE, CAPE was adminis‑
tered at concentrations of 10‑50 µM to multiple myeloma cell 

lines to investigate its antimyeloma potential (28). A different 
study exposed human colorectal cell lines to 75 µM CAPE, 
revealing CAPE‑induced apoptotic cell death through the 
inhibition of survivin (29). Furthermore, ovarian cancer OV7 
cells were treated with 5‑100 µM of CAPE to explore its 
therapeutic benefits in serous ovarian cancer (30). In a separate 
study, endometrioid ovarian carcinoma cells were exposed to 
CAPE at concentrations ranging from 1‑10 µM, demonstrating 
its anti‑tumorigenic activity (31). It was also revealed that 
CAPE at concentrations ranging from 1‑50 µM could induce 
apoptosis and oxidative stress in human multiple myeloma 
cells (32). These findings indicated that in vitro treatment 
concentration of some substances may be dependent on cell 
context even though they exhibited similar functions such as 
apoptosis induction.

Targeting apoptosis has been deemed a successful 
approach in cancer therapy as apoptosis evasion is the 

Figure 2. Effect of CAPE on apoptosis induction in hypopharyngeal squamous cell carcinoma cell lines. FaDu and SNU‑1041 cells were exposed to DMSO or 
CAPE for 24 h. (A) Representative images of DAPI‑stained cells. Magnification, x400; scale bar, 20 µm. The white arrows indicate apoptotic nuclei. (B) The 
sub‑G1 population in CAPE‑treated cells was determined by FACS analysis. (C) The annexin V‑positive cells were estimated via FACS analysis. All graphs 
are based on the mean ± SD values of three independent experiments. *P<0.05; unpaired two‑tailed Student's t‑test. CAPE, caffeic acid phenethyl ester; FACS, 
fluorescence‑activated cell sorting; PI, propidium iodide; Con, control.
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hallmark of various cancers, regardless of their etiology and 
type (33). Apoptosis can be triggered by two primary path‑
ways such as the binding of death ligands to their cognate 
death receptors, which is termed the extrinsic pathway and 
cytotoxicity from mitochondrial signaling, which is termed 
the intrinsic pathway (34). The extrinsic pathway relies on 
Fas, tumor necrosis factor‑related apoptosis‑inducing ligand 

(TRAIL) or TNFα to transmit extracellular signals into cells, 
which ultimately leads to the activation of caspase‑8. By 
contrast, in the intrinsic pathway, intercellular stimuli such 
as cellular stress, DNA damage and growth factor withdrawal 
provoke mitochondrial malfunctioning via the induction of 
mitochondrial outer membrane permeabilization, conse‑
quently causing the release of mitochondrial proteins, such as 

Figure 3. Effect of CAPE on caspase‑dependent apoptosis in human hypopharyngeal squamous cell carcinoma cell lines. FaDu and SNU‑1041 cells were 
treated with DMSO or CAPE for 24 h. (A and B) Western blot analysis images displaying the expression of c‑caspase‑3 and c‑PARP. β‑actin was used as a 
loading control. (B and C) Z‑VAD‑FMK (10 µM) was administered to cells 1 h prior to CAPE treatment. (C) The annexin V‑positive cells were estimated via 
fluorescence‑activated cell sorting analysis. All graphs represent the mean ± SD of three independent experiments. *P<0.05 or #P<0.05; unpaired two‑tailed 
Student's t‑test or one‑way ANOVA, respectively. CAPE, caffeic acid phenethyl ester; c‑cas3, cleaved‑caspase‑3; c‑PARP, cleaved poly(ADP‑ribose) poly‑
merase; Z‑VAD, Z‑VAD‑FMK; PI, propidium iodide.
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cytochrome c, SMA and OMI into the cytosol. Caspase‑9 and 
apoptotic peptidase activating factor 1 (APAF1) are recruited 
by cytochrome c to produce cleaved caspase‑9, which is the 
activated form of caspase‑9 (35). These two apoptotic path‑
ways eventually converge toward the formation of cleaved 
caspase‑3 and, finally, cleaved PARP, followed by cell 
demise (20). Several natural products exert tumor‑inhibitory 
activities by stimulating the intrinsic and extrinsic apoptotic 
signaling pathways exclusively, respectively, or by triggering 
the two pathways simultaneously (36‑38). In the latter cellular 

context, the intrinsic and extrinsic apoptotic pathways can 
be integrated through the truncation of the BH3 interacting 
domain death agonist (Bid) protein, which is a process that 
is facilitated by c‑caspase‑8 (39). In the present study, it was 
ascertained whether CAPE exclusively triggers one type of 
apoptosis or whether it simultaneously induces both types of 
apoptosis. It was revealed that the expression of c‑caspase‑9 
alone was increased, whereas the expression of c‑caspase‑8 
and truncated Bid remained unchanged (Fig. 4A). Based on 
these results, the authors suggest that CAPE exerts its HSCC 

Figure 4. Effect of CAPE on the mitochondrial apoptotic pathway in human hypopharyngeal squamous cell carcinoma cell lines. FaDu and SNU‑1041 cells 
were exposed to DMSO or CAPE for 24 h. (A) Western blot images showing the expression levels of c‑caspase‑9 and c‑caspase‑8. β‑actin was used as an 
internal control. (B) JC‑1 aggregates in DMSO‑ or CAPE‑treated cells were measured using fluorescence‑activated cell sorting cytometry. (C) Mitochondrial 
and cytosolic fractions were prepared to detect cytochrome c release from mitochondria into the cytosol. Cox IV and α‑tubulin were used as loading controls 
and as markers of mitochondria and the cytosol, respectively. All graphs represent the mean ± SD of three independent experiments. *P<0.05; unpaired 
two‑tailed Student's t‑test. CAPE, caffeic acid phenethyl ester; cleaved caspase‑9, c‑caspase‑9; cleaved caspase‑8, c‑caspase‑8; Cox IV, cytochrome c oxidase 
subunit 4I1; Bid, BH3 interacting domain death agonist; Con, control; ΔΨm, mitochondrial membrane potential; Cyt c, cytochrome complex; Cyto, cytoplasm; 
Mito, mitochondria.
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cell‑destroying effects mainly via mitochondria‑mediated 
intrinsic apoptosis.

Since apoptosis is an ongoing and meticulously controlled 
mechanism that sustains the cellular equilibrium within the 
body of a healthy animal (40), the expression of c‑PARP can 
be detected at low levels. In Fig. 3A and B, the relative expres‑
sion levels of c‑PARP in vehicle‑ and CAPE‑treated cells were 
measured, and basal protein expression levels were visualized 
due to an extended exposure time. However, it is evident that 
c‑PARP expression levels were further induced by CAPE 
treatment compared to basal levels.

Survivin and XIAP are members of the IAP family that 
have the potential to regulate cell death, and they have been 
identified as reasonable targets for numerous anticancer 
therapeutics in various types of cancer (41‑44). Although 
targeting these proteins individually has been shown to be 
an effective intervention per se, a simultaneous therapeutic 
intervention against the two proteins appears to be a more 
feasible pharmacological strategy (45‑48). As aforemen‑
tioned, survivin and XIAP may form a survivin‑XIAP 
complex with a vigorous apoptosis inhibitory activity (18). 

Thus, targeting both survivin and XIAP, as CAPE did in 
the experiments of the present study, may provide improved 
treatment options for multiple types of cancers. In the present 
study, a CAPE‑mediated decrease in the levels of the survivin 
protein was observed and appeared to be controlled by tran‑
scriptional regulation, as evidenced by the reduction of the 
levels of the survivin mRNA. By contrast, the mRNA level 
of XIAP was unexpectedly increased, whereas its protein 
level was significantly decreased, by CAPE treatment. Under 
particular cellular conditions, the expression of a given 
protein does not coincide perfectly with that of its cognate 
mRNA, possibly due to the compensatory responses of gene 
expression, in which the downregulation of protein levels 
leads to an upregulation of mRNA levels, or post‑translational 
modification. In a recent study, it was observed that the small 
molecule, bufalin, induced a reduction in the expression of the 
E2F2 protein, whereas the expression of the E2F2 mRNA was 
increased, suggesting that the downregulation of the E2F2 
protein was a result of post‑translational modification (49). In 
the present study, it was also found that CAPE regulated XIAP 
via a post‑translational modification. Survivin and XIAP 

Figure 5. Effect of CAPE on the regulation of survivin and XIAP in human hypopharyngeal squamous cell carcinoma cell lines. FaDu and SNU‑1041 cells 
were treated with DMSO or CAPE for 24 h. (A) The images represent the expression of the survivin and XIAP proteins. β‑actin was used as an internal control. 
(B) Reverse transcription‑quantitative PCR was conducted to assess mRNA expression. (C and D) FaDu and SNU‑1041 cells were treated with (C) CHX 
(FaDu, 100 ng/ml and SNU‑1041, 50 ng/ml) or (D) MG132 (800 nM) 2 h prior to CAPE treatment for 6 h. The western blot analysis images reveal the expres‑
sion levels of XIAP. β‑actin was used as a loading control. All graphs represent the mean ± SD of three independent experiments. *P<0.05 or #P<0.05; unpaired 
two‑tailed Student's t‑test or one‑way ANOVA, respectively. CAPE, caffeic acid phenethyl ester; XIAP, X‑Linked inhibitor of apoptosis; CHX, cycloheximide.
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complexes enhance the stability of XIAP by preventing the 
ubiquitination‑mediated degradation of XIAP, thus resulting 
in the inhibition of caspase‑activity followed by abnormal 
tumor growth (50). The binding of survivin to XIAP can 
also serve as a salvage mechanism by blocking the forma‑
tion of the XIAP‑XAF1 complex, which targets survivin for 
degradation through the ubiquitin‑proteasome system (51). 
Because XIAP protein stability is partly associated with its 
binding to survivin, the levels of transcriptionally downregu‑
lated survivin cannot prevent the degradation of XIAP by the 
proteasome. 

Since survivin and XIAP are regulated by different 
mechanisms, there may be separate upstream regulators 
controlling their expression, respectively. Regarding survivin, 
the expression decreased at the mRNA level, suggesting 
that transcription factors are likely associated with its 
downregulation. Previous studies have reported that the p53 
protein could recruit itself alone or in conjunction with other 
proteins to the survivin promoter to suppress it (52,53). Thus, 
CAPE treatment possibly mediated the recruitment of p53 
to the survivin promoter, ultimately reducing its expression. 
On the other hand, XIAP regulation appears to be executed 
through post‑translational modifications, particularly 
proteasome‑mediated degradation. Notably, XIAP can be 
phosphorylated by Akt and protein kinase C (PKC), which 
prevents its ubiquitination and subsequent proteasomal 
degradation (54,55). XIAP is also well‑known for its E3 
ubiquitin ligase activity, allowing it to induce autoubiq‑
uitination. Consequently, it is possible that the attenuated 
activation of Akt and PKCs, which cannot shield XIAP from 
ubiquitination, or the promotion of XIAP autoubiquitination 
by CAPE, could compromise its stability. Therefore, further 
investigation of the precise mechanisms underlying the 
regulation of survivin and XIAP during CAPE treatment in 
HSCC remains necessary.

In previous studies, in vivo experiments using CAPE have 
been conducted to evaluate its anticancer activity, and the 
results revealed that CAPE has anticancer effects in hepatocel‑
lular carcinoma and colon cancer (56,57). These findings led 
to the investigation of whether CAPE may also inhibit tumor 
growth in human HSCC in vivo. However, in the present study, 
the 3D sphere formation assay was implemented to demon‑
strate the anticancer properties of CAPE in cancer stem cell 
(CSC) characteristics of HSCC and to explore its potential as 
a therapeutic agent, as an alternative to in vivo experiments. 
Considering the well‑recognized ability of the 3D sphere 
formation culture to more effectively recapitulate in vivo tumor 
biology compared with the 2D monolayer culture system (58), 
the data obtained from the 3D culture system can provide 
some insights that complement mouse xenograft experiments. 
Nevertheless, further investigations are still warranted to 
clarify the tumor‑inhibitory effects of CAPE on HSCC in an 
in vivo setting.

In the clinical field, the preferred initial treatment approach, 
as recommended by both American and European guidelines, 
typically involves preserving the organ through a combination 
of chemotherapy and radiation therapy (59). Given this context, 
chemotherapy signifies much more than merely a choice for 
treating HSCC. The authors of the present study maintain that 
CAPE alone may not eliminate tumors; however, it could serve 

as a promising alternative to current therapeutic drugs. This, in 
turn, could minimize tumor regions and suppress recurrence, 
serving as both neoadjuvant and adjuvant chemotherapy. 

Previous studies have explored the anticancer effects of 
CAPE on oral cancer, primarily utilizing oral squamous cell 
carcinoma cell lines (9,60,61). In the present study, head and 
neck cancer cell lines were employed, specifically FaDu and 
SNU‑1041, which are hypopharyngeal cancer cell lines techni‑
cally categorized under nasopharyngeal cancer. Although oral 
cancer and hypopharyngeal cancer fall within the broader 
classification of head and neck cancer, they possess distinct 
staging assessments and treatment standards due to their 
unique characteristics and locations within the head and neck 
region (62). To the best of the authors' knowledge, the present 
study marked the first demonstration of the cancer‑inhibitory 
efficacy of CAPE through the induction of cell death in HSCC 
lines, adding novelty to the study. However, the authors used 
only two HSCC cell lines in this study, and further verification 
of the efficacy of CAPE as a cancer therapeutic for HSCC is 
required.

In conclusion, the present study provided initial evidence 
that CAPE induces the mitochondria‑mediated intrinsic 
apoptosis pathway in HSCC by simultaneously regulating 
two major members of the IAP protein family. These findings 
suggested that CAPE offers the basis for a promising alterna‑
tive strategy to cure HSCC in clinical practice.
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