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Abstract: Laryngeal squamous cell carcinoma (LSCC) is a prevalent head and neck neoplasm with escalating global 
morbidity and mortality rates. Despite the increasing burden of LSCC, the drugs currently approved for its treatment 
are limited. Therefore, it is necessary to identify novel and promising drugs that target LSCC. Cucurbitacin E (CuE) is 
a naturally oxygenated tetracyclic triterpenoid that suppresses several cancers. However, its anti-LSCC activity and 
the molecular mechanisms of action remain unclear. This study explored its impact on LSCC, revealing cell viability 
attenuation and apoptosis enhancement in vitro. Further investigations indicated that CuE significantly decreased 
mitochondrial membrane potential, thereby promoting cytochrome c release, increasing cleaved-Caspase 3 and 
cleaved-PARP levels, and triggering mitochondria-dependent apoptosis. Concurrently, exposure of LSCC cells to CuE 
enhanced endoplasmic reticulum (ER) stress, mobilized the protein kinase RNA-like endoplasmic reticulum kinase/
initiation factor 2a/ATF4/C-EBP homologous protein pathway, and induced LSCC cell apoptosis. Finally, CuE mark-
edly elevated intracellular reactive oxygen species (ROS) levels. When ROS were eliminated with N-acetylcysteine, 
CuE-mediated mitochondrial dysfunction, ER stress, and cell apoptosis were nearly abolished. Similar outcomes 
were observed in murine LSCC models. Together, these results highlight that CuE suppresses proliferation while 
triggering apoptosis in LSCC cells via ROS-regulated mitochondrial dysfunction and the ER stress pathway. Hence, 
CuE may serve as a promising candidate for LCSS treatment.

Keywords: Cucurbitacin E, laryngeal squamous cell carcinoma, mitochondrial dysfunction, reactive oxygen spe-
cies, endoplasmic reticulum stress

Introduction

Laryngeal squamous cell carcinoma (LSCC), a 
prevalent head and neck neoplasm, has 
become one of the leading cancers globally, 
with an annual increase of 25% [1]. Despite 
noticeable progress in diagnosis and treat-
ment, approximately 60% of patients with LSCC 
are still diagnosed at a late stage (III or IV) [2, 
3]. This late diagnosis often results in a missed 
opportunities for surgical intervention, contrib-
uting to a decreased 5-year survival rate for 
patients with LSCC in recent decades [4, 5]. 

Therefore, exploring novel and promising drug 
candidates for LSCC treatment is urgently 
needed.

Cucurbitacin E (CuE), originally extracted from 
Cucumis melo L, is a natural tetracyclic triter- 
penoid [6]. This biochemical compound pos-
sesses multiple pharmacological properties, 
including anti-diabetic, anti-tumor, and anti-
inflammatory effects [7, 8]. Numerous studies 
have demonstrated the ability of CuE to inhibit 
the malignant progression of gastric, live, and 
lung cancers [8-10]. CuE influences many tumor 

http://www.ajcr.us
https://doi.org/10.62347/HPQQ9412


Anti-tumor effects of CuE on laryngeal squamous cell carcinoma

3906 Am J Cancer Res 2024;14(8):3905-3921

cell phenotypes, including proliferation, metas-
tasis, apoptosis, cell cycle, senescence, auto- 
phagy, and chemo-response [6, 8, 9, 11-13]. 
However, the specific functions and molecular 
mechanisms underlying LSCC remain to be 
elucidated.

The endoplasmic reticulum (ER) is a central 
location for protein, lipid, and sugar synthesis 
and protein folding in eukaryotic cells [14]. 
Exposure to cancerous cells, oxidative stress, 
toxic drugs, and radiation can lead to an 
increase in unfolded and misfolded protein 
aggregations in the ER lumen, resulting in  
ER stress [15, 16]. Sustained and drastic ER 
stress can activate protein kinase RNA-like 
endoplasmic reticulum kinase (PERK), leading 
to increase in initiation factor 2a (eIF2a) phos-
phorylation, subsequent ATF4 and C/EBP 
homologous protein (CHOP) translation, prolif-
eration arrest, and apoptosis [17]. Substantial 
evidence has shown that immoderate reactive 
oxygen species (ROS) lead to oxidative stress-
es, triggering misfolded protein accumulation 
in the ER lumen and resulting in ER stress [18, 
19]. Meanwhile, excessive ROS overproduction 
can affect mitochondrial structure and func-
tion, causing a reduction in mitochondrial mem-
brane permeability and ultimately leading to 
cell apoptosis [20, 21]. Recent reports have 
demonstrated that CuE induces cancer cell 
death by increasing ROS production [12, 22]. 
However, whether CuE-induced ROS generation 
triggers ER stress-regulated signaling path-
ways, mitochondrial dysfunction, and ultimate-
ly LSCC cell apoptosis is not completely 
understood.

In this study, we evaluated the anti-LSCC func-
tions of CuE and investigated the roles of ROS 
generation-regulated ER stress and mitochon-
drial dysfunction in the modulation of CuE-
induced LSCC cell apoptosis. Our findings offer 
new insights into the molecular mechanisms of 
action of CuE against LSCC and demonstrate 
the potential of CuE in LSCC treatment.

Materials and methods

Reagents

Thr ROS scavenger N-acetylcysteine (NAC, 
HY-B0215), CuE (HY-N0417), and the ER  
stress inhibitor 4-phenylbutyric acid (4-PBA, 
HY-A0281) were purchased from MedChem- 

Express. The pan-caspase inhibitors carbo- 
benzoxy-valyl-alanyl-aspartyl-[O-methyl]-fluoro-
methylketone (Z-VAD-FMK) and dimethyl sul- 
foxide (DMSO, D8418) were obtained from 
TopScience (Shanghai, China) and Sigma-
Aldrich (St. Louis, MO, USA), respectively.

Cell cultivation

LSCC cells, TU686 (BeNa Culture Collection, 
Beijing, China) and AMC-HN-8 (ATCC, USA), 
were cultivated in high-glucose DMEM (Bio- 
sharp, Hefei, China) with 10% FBS (Wisent, 
Canada) and 1% penicillin/streptomycin (Beyo- 
time, Shanghai, China) at 37°C with 5% CO2.

Cell viability assay

To examine the effects of CuE on cell viability, 
LSCC cells (2 × 103 cells/well) were seeded in 
96-well plates. Different concentrations of CuE 
(0.05, 0.1, 0.2, 0.4 μM) dissolved in DMSO 
were added into the culture medium. After incu-
bation for various periods, cell viability was 
quantified using the CCK-8 assay (TopScience, 
C0005) as previously reported [23].

Colony formation assay

LSCC cells (2 × 103 cells/well) were cultured 
overnight in 6-well plates and treated with  
CuE at different doses for 2 weeks, with the 
medium refreshed every 4 days. Subsequen- 
tly, colony formation was assessed by staining 
with crystal violet (Beyotime, C0121) after incu-
bation with 4% paraformaldehyde, followed by 
photographing using a scanner (Hewlett-
Packard, Palo Alto, CA, USA), and counting 
using ImageJ software (NIH, USA).

Morphological observation

Following 24 h of CuE treatment at various con-
centrations, morphological changes in LSCC 
cells were recorded using a Leica DFC7000 T 
microscope Cameras (Leica Microsystems, 
Wetzlar, Germany).

Annexin V/PI staining

LSCC cells (5 × 105/well) in 6-well plates were 
incubated with CuE at various doses for 24 h 
with or without 4-PBA, NAC, or Z-VAD-FMK after 
12 h of culture. The cells were then collected 
and labeled with FITC-Annexin V/PI, as indicat-
ed by the manufacturer (BestBio, BB-4101, 
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Shanghai, China). Apoptotic cells were detected 
with a CytoFLEX cytometer (Beckman Coulter, 
Brea, CA, USA), and the fraction of apoptotic 
cells was measured using CytExpert software.

Mitochondrial membrane potential (MMP) as-
say

Variations in MMP levels were determined 
using a JC-1 assay kit (C2006; Beyotime, 
China). LSCC cells (3 × 105/well) were treat- 
ed with CuE (0.05, 0.1, 0.2 µM) for 24 h after 
incubating overnight in 12-well plates. Subse- 
quently, cells were washed three times with 1  
× phosphate buffer saline (PBS), and reacted 
with JC-1 staining solution for 15 min at 37°C. 
Then, the supernatant containing JC-1 was 
removed, and the cells were washed three 
times with JC-1 staining buffer. After adding 2 
ml cell culture medium, the cells were exam-
ined and photographed using the aforemen-
tioned-mentioned Microscope Cameras.

ROS measurement

ROS levels in LSCC cells were assessed using 
Dichloro-dihydro-fluorescein diacetate (DCFH-
DA) (S0033M; Beyotime, China). Cells (5 × 105/
well) in 6-well plates were cultivated overnight, 
treated with CuE at various dosages for 24 h, 
washed with 1 × Hank’s Balanced Salt Solu- 
tion, and stained with 10 μM DCFH-DA in non-
FBS DMEM at 37°C for 20 min. Subsequently, 
the cells were sorted through flow cytometry 
and analyzed using CytExpert software.

phosphatase inhibitors (P1045) procured from 
Beyotime, China. The lysates were cleared by 
spinning at 12000 rpm for 30 min at 4°C,  
subjected to 12% SDS-PAGE after measuring 
concentration with the BCA Protein Assay Kit 
(Beyotime, China, P0012S), electro-separated 
on gels, and transferred onto nitrocellulose 
membranes (BioTraceTM NT Membrane, Pall 
Corporation, Ann Arbor, MA). After incubation 
with 5% fat-free milk and overnight treatment 
with primary antibodies at 4°C under gentle 
shaking, the membranes were rinsed with 1 × 
PBST (0.1% Tween-20 in PBS) and reacted with 
secondary antibodies for 2 h at ambient tem-
perature. Protein signals were detected using 
chemiluminescence detection (Tanon, Shang- 
hai, China) on a Tanon-5200 instrument  
(Tanon, Shanghai, China) and analyzed using 
ImageJ software (NIH, USA). Table 1 lists all the 
antibodies used.

Mouse xenograft model

All animal procedures were approved by the 
Animal Welfare Committee and the Institu- 
tional Animal Care and Use Committee of the 
Anhui Medical University Laboratory Animal 
Center and were implemented in complian- 
ce with the protocol of the Animal Ethics 
Committee (approval No. 20240920). Healthy 
female BALB/c nude mice at 5 weeks old 
(GemPharmatech, Nanjing, China) were accom-
modated in a pathogen-free condition with a 
suitable environment (23 ± 2°C, 50 ± 5% 
humidity, 12 h light/dark cycle), and the ani-

Table 1. Antibody list
Antibody Dilution Vendor Catalogue Number
Caspase 3 1:1000 Selleck Cat. No. A5185
C-Caspase 3 1:1000 Huabio Cat. No. ET1602-47
PARP 1:1000 Zenbio Cat. No. R25279
Cytochrome c 1:1000 Selleck Cat. No. A5184
p-PERK 1:1000 Zenbio Cat. No. 340846
PERK 1:1000 Zenbio Cat. No. R25331
p-eIF 2α 1:1000 Selleck Cat. No. A5941
eIF 2α 1:1000 Zenbio Cat. No. 340347
ATF4 1:1000 Selleck Cat. No. A5514
CHOP 1:1000 Selleck Cat. No. A5462
α-Tubulin 1:5000 Zenbio Cat. No. 250009
Goat Anti-Rabbit lgG/HRP 1:5000 Zenbio Cat. No. 511203
Goat Anti-mouse lgG/HRP 1:5000 Zenbio Cat. No. 511103

Measurement of ER expansion

LSCC cells were cultured in 6-well 
plates with varying doses of CuE for 
24 h with or without NAC. Subse- 
quently, the cells were incubated with 
ER-Tracker Red (Beyotime, China, 
C1041S) for 30 min according to the 
manufacturer’s instructions, and ER 
stress was examined using a micro-
scope cameras (Leica DFC7000 T, 
Leica Microsystems, Wetzlar, Ger- 
many).

Western blotting

Cells and tumor tissues were lysed on 
ice for 45 min in RIPA buffer (P0013B) 
containing protease (P1005) and 
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mals were provided with free access to food 
and water. After a 7-day acclimation period, 
100 μL of 1 × 106 TU686 cells in PBS were 
administrated subcutaneously into the left 
armpit. Once tumors were formed, tumor-bear-
ing mice were randomly grouped, and 100 μl  
of PBS, 1% DMSO in PBS, and 5 or 10 mg/kg 
CuE (dissolved in DMSO and diluted using  
PBS) were intraperitoneally administered  
every other day. Tumor volume was assessed 
every 4 days and determined as length × 
(width)2 × 0.5. Mice were euthanized using pen-
tobarbital three weeks later. Tumors were col-
lected, weighed, dissected into several pieces, 
and either stored at -80°C for western blotting 
or in 4% paraformaldehyde for staining.

Tissue staining

Haematoxylin and eosin (H&E) staining was 
performed using an H&E staining kit (G1120, 
Solarbio, Beijing, China) according to the  
manufacturer’s protocol. Tumor, heart, kidney, 
spleen, liver, and lung tissues from the mice in 
each group were fixed with 4% paraformalde-
hyde for 48 h, embedded in paraffin and sec-
tioned into 5-µm sections. After dewaxing with 
xylene and rehydrating with an ethanol gradi-
ent, the slices were stained with hematoxylin 
and eosin. Subsequently, the slices were dehy-
drated and sealed. Each slice was then ana-
lyzed using a microscope cameras (Leica 
DFC7000 T; Leica Microsystems, Wetzlar, 
Germany).

Terminal-deoxynucleotidyl transferase-mediat-
ed deoxyurine triphosphate (d-UTP) nick end 
labeling (TUNE) staining was performed using 
the one-step TUNEL Apoptosis Assay Kit 
(C1086, Beyotime) was employed following the 
manufacturer’s protocol. Xenograft tumor tis-
sue slices were removed wax in xylene and 
rehydrated with an ethanol gradient. The slices 
were then incubated with the protease K at 
37°C for 20 min and washed three times with  
1 × PBS. Subsequently, the slices were dealt 
with TUNEL test solution for 1 h, followed by 
staining with 4,6-diamidino-2 phenylindole 
(DAPI) for 2 min at 37°C in the dark, and  
mounted using an anti-fade Mounting Medium 
(P0128S, Beyotime). Images were captured 
using a laser scanning confocal microscope 
(Zeiss LSM 880 with Airyscan).

Statistical analysis

Data were normally distributed, presented as 
average ± standard deviation (SD), and dis-
played using GraphPad Prism 8 (GraphPad 
Software Inc., USA). Differences were assess- 
ed using one-way ANOVA with Dunnett’s tests 
or post-hoc Bonferroni correction for multiple 
groups and an unpaired, two-tailed t-test for 
comparisons between two groups. Statistical 
significance was set at P < 0.05; ns indicates 
no statistical difference.

Results

CuE suppresses human LSCC cell growth

To assess the influence of CuE on the viability 
of LSCC cells, TU686 and AMC-HN-8 cells  
were reacted with varying dosages of CuE 
(0.05-0.4 μM) for 24, 48, and 72 h. CCK-8  
analysis revealed a remarked concentration-
dependent and time-dependent reduction in 
the viability of CuE-treated LSCC cells com-
pared to DMSO-treated LSCC cells (Figure 1A, 
1B). Additionally, colony formation assay 
revealed that CuE treatment reduced colony 
numbers in a concentration-dependent man-
ner, with the most notable inhibition at 0.2 μM 
(Figure 1C, 1D). These findings suggested that 
CuE suppressed the growth of human LSCC 
cells.

CuE induces caspase-dependent LSCC cell 
apoptosis

To elucidate the underlying mechanism of 
action of CuE in LSCC cells, we examined its 
effects on LSCC cell morphology. Figure 2A 
illustrates that CuE treatment resulted in 
TU686 and AMC-HN-8 cell rounding and 
detachment, with the round cell numbers  
escalating proportionately with increasing CuE 
dosage. Next, we ascertained the fraction of 
apoptotic cells using flow cytometry after 
Annexin V-FITC/PI staining. Exposure to CuE  
for 24 h in a dose-dependent manner augment-
ed the proportion of apoptotic cells in both 
TU686 and AMC-HN-8 cells (Figure 2B, 2C). 
Furthermore, Western blotting revealed that 
CuE treatment dose-dependently increased 
cleaved-Caspase 3 and cleaved-PARP (C-Cas- 
pase 3/PARP) levels in LSCC cells (Figure 2D, 
2E). To examine the involvement of caspases in 
CuE-triggered apoptosis, TU686 and AMC-HN-8 
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cells were preincubated with Z-VAD-FMK for 1 h 
before CuE (0.1 μM) treatment. These results 
indicate that Z-VAD-FMK preincubation mark-
edly reversed CuE-triggered LSCC cell apopto-
sis (Figure 3A, 3B). Consistently, C-Caspase  
3/PARP levels were downregulated in CuE-
treated LSCC cells after Z-VAD-FMK pretreat-
ment (Figure 3C, 3D). These results demon-
strated that CuE-induced LSCC cell growth  
inhibition was mediated by caspase-induced 
apoptosis.

CuE fosters apoptosis via the mitochondrial 
pathway in LSCC cells

Mitochondrial dysfunction contributes to cellu-
lar apoptosis. To investigate whether CuE-
induced apoptosis involves the mitochondria, 
we examined the MMP of LSCC cells using the 
JC-1 assay. CuE treatment for 24 h markedly 
increased green fluorescence and decreas- 
ed red fluorescence in both TU686 and AMC-
HN-8 cells (Figure 4A). The green-to-red signal 
ratio increased in LSCC cells, indicating that 
CuE decreased the MMP of these cells. This 
alteration may promote cytochrome c release 
from the mitochondria, thereby activating the 

caspases-dependent apoptotic pathway. In- 
terestingly, CuE dose-dependently increased 
cytoplasmic cytochrome c levels in LSCC cells 
(Figure 4B, 4C), which was consistent with the 
finding that CuE treatment augmented 
C-Caspase 3/PARP levels in both TU686 and 
AMC-HN-8 cells (Figure 2D, 2E). These findings 
revealed that CuE induced LSCC cell apop- 
tosis via the mitochondria-related apoptotic 
pathway.

ER stress regulates CuE-triggered LSCC cell 
apoptosis

To investigate whether CuE triggers apoptosis 
by activating ER stress, we examined ER stress 
in LSCC cells using an ER-ID® Red assay. CuE 
treatment increased the fluorescence intensity 
of both TU686 and AMC-HN-8 cells in a dose-
dependent manner (Figure 5A). We further 
examined changes in phospho-PKR-like ER 
kinase (p-PERK) and phospho-eukaryotic in- 
itiation factor-2α (p-eIF2α)/ATF-4/CHOP after 
subjecting to various doses of CuE for 24 h. 
Compared to DMSO, CuE significantly upregu-
lated p-PERK, p-eIF2α, ATF-4, and CHOP pro-
tein levels in LSCC cells, indicating that CuE 

Figure 1. CuE attenuated LSCC cell viability. A, B. LSCC cell viability was quantified using the CCK-8 assay after in-
cubation with CuE at varying doses for 24, 48, and 72 h. C, D. The number of colonies formed after incubation with 
CuE at various concentrations for 14 days, as examined via crystal violet staining. Data are shown as means ± SD 
(n=3). *, **, and *** indicate P < 0.05, 0.01, and P < 0.001 vs. the DMSO group, respectively. ns, no significance.
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Figure 2. CuE triggered the caspase-dependent LSCC cell apoptosis. A. Changes in LSCC cell morphology after CuE 
treatment at the indicated concentrations. Scale bar =100 μm. B, C. The fraction of apoptotic LSCC cells after CuE 
treatment at varying doses for 24 h and staining with Annexin V/PI staining, as evaluated using flow cytometry. D, 
E. Western blotting of C-Caspase 3/PARP in LSCC cells conditioned with 0.05, 0.1, and 0.2 µM CuE for 24 h, and 
the intensity of protein bands was quantified using by Image J. C-Caspase 3/PARP, cleaved-Caspase 3 and cleaved-
PARP. Data are presented as means ± SD (n=3). *, **, and *** indicate P < 0.05, 0.01, and P < 0.001 vs. the 
DMSO group, respectively. ns, no significance.
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treatment activated the p-PERK/p-eIF-2α/
ATF4/CHOP signaling pathway and induced ER 
stress (Figure 5B, 5C). To probe the impact of 
ER stress in CuE-triggered apoptosis, TU686 

and AMC-HN-8 cells were conditioned with 
4-PBA for 2 h. 4-PBA attenuated effects of CuE 
on p-PERK, p-eIF-2α, ATF4, and CHOP levels in 
LSCC cells (Figure 6A, 6B) and suppressed 

Figure 3. Z-VAD-FMK reversed the caspase-dependent apoptosis of CuE-treated LSCC cells. A, B. Flow cytometry 
analysis of apoptotic LSCC cells conditioned with 0.1 µM CuE for 24 h with or without 1 h of 15 μM Z-VAD-FMK 
pretreatment. C, D. Western blotting of C-Caspase 3/PARP in LSCC cells after 0.1 µM CuE treatment for 24 h with 
or without 1 h of 15 μM Z-VAD-FMK pretreatment, and the intensity of protein bands was measured using by Image 
J. C-Caspase 3/PARP, cleaved-Caspase 3 and cleaved-PARP. Data are presented as means ± SD (n=3). ** and *** 
indicate P < 0.01 and 0.001 vs. the DMSO group, respectively. ## and ### indicate P < 0.01 and 0.001 vs. the CuE 
group, respectively. ns, no significance.
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CuE-triggered apoptosis (Figure 6C, 6D). These 
findings suggest the involvement of PERK/eIF-

2α/ATF4/CHOP pathway in ER stress-triggered 
apoptosis in CuE-treated LSCC cells.

Figure 4. Functions of CuE in mitochondrial dysfunction in LSCC cells. A. JC-1 staining images of LSCC cells following 
CuE treatment. B, C. Western blotting of cytoplasmic cytochrome c in LSCC cells conditioned with CuE at indicated 
dosages for 24 h. Quantification of protein band intensity was carried out using Image J. Data are expressed as 
means ± SD (n=3). * and *** indicate P < 0.05 and 0.001 vs. the DMSO group. ns, no significance.
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CuE-mediated apoptosis and ER stress are 
ROS-dependent in LSCC cells

High ROS levels can induce cancer cell death 
[24]. To clarify whether CuE-triggered cell death 
was due to ROS generation, LSCC cells were 
reacted with varying doses of CuE for 24 h, and 
ROS levels were assessed using DCFH-DA 
staining. The results unveiled a significant, 
dose-dependent augmentation in cellular ROS 
generation in both TU686 and AMC-HN-8 cells 
following CuE treatment (Figure 7A, 7B). To 
explore whether ROS serve as a signaling medi-

ator for CuE-triggered cell death, LSCC cells 
were conditioned with NAC for 3 h prior to  
CuE treatment. Notably, NAC pretreatment 
reversed CuE-triggered apoptosis (Figure 7C 
and Supplementary Figure 1) and attenuated 
CuE’s effects on cytochrome c levels in the 
cytoplasm (Figure 7D, 7E) and C-Caspase 3/
PARP levels (Figure 7F, 7G). These findings sug-
gested that CuE-triggered LSCC cell death is 
associated with enhanced ROS levels.

Increased ROS levels can induce apoptosis  
by activating pro-apoptotic pathways, including 

Figure 5. CuE evoked ER stress in LSCC cells. A. Immunofluorescence signals of the ER-ID red dye in CuE-treated 
TU686 and AMC-HN-8 cells. Scale bar =100 μm. B, C. Western blotting of p-PERK, PERK, p-elF2α, elF2α, ATF4, and 
CHOP inTU686 and AMC-HN-8 cells treated with CuE at 0.05, 0.1, and 0.2 μM for 24 h. Quantification of protein 
band intensity was carried out using Image J. Data are presented as means ± SD (n=3). *, **, and *** indicate P 
< 0.05, 0.01, and P < 0.001 vs. the DMSO group. ns, no significance.



Anti-tumor effects of CuE on laryngeal squamous cell carcinoma

3914 Am J Cancer Res 2024;14(8):3905-3921

ER stress-related functional disorders [25]. To 
investigate whether ROS function as an 
upstream modulators of ER stress in CuE-

triggered cell death, we detected whether  
NAC could suppress ER stress signals. The 
ER-ID® Red assay revealed that NAC pretreat-

Figure 6. CuE promoted ER stress-mediated LSCC cell apoptosis. (A, B) Western blotting of p-PERK, PERK, p-elF2α, 
elF2α, ATF4, and CHOP in TU686 and AMC-HN-8 cells conditioned with 0.1 μM CuE for 24 h after preincubation 
with or without 40 μM 4-PBA. (C, D) Flow cytometry analyses of TU686 and AMC-HN-8 cells treated with 0.1 μM CuE 
for 24 h after preincubation with or without 40 μM 4-PBA. Apoptotic cells were stained with Annexin V/PI, and their 
proportion in each group was measured. Signals in (A) were quantified using Image J. Data are presented as means 
± SD (n=3). ** and *** indicate P < 0.01 and 0.001 vs. the DMSO group, respectively. ## and ### indicate P < 
0.01 and < 0.001 vs. the CuE group, respectively. ns, no significance.
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Figure 7. CuE induced ROS-mediated LSCC cell apoptosis. (A, B) Representative flow cytometry graphs and quan-
tification of intracellular ROS levels in LSCC cells incubated with CuE at various concentrations for 24 h following 
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ment decreased fluorescent intensity in both 
TU686 and AMC-HN-8 cells induced by CuE 

treatment (Figure 8A), suggesting that NAC 
reversed CuE-induced ER stress. Moreover, 

DCFH-DA staining. (C) The fraction of apoptotic LSCC cells were examined using an Annexin V/PI assay when cells 
were treated with CuE for 24 h after preincubation with 10 μM NAC for 3 h. (D-G) Western blotting of cytoplasmic cy-
tochrome c (D, E) and C-Caspase 3/PARP (F, G) in cells exposed to CuE for 24 h after preincubation with 10 μM NAC 
for 3 h. Protein band intensity was quantified by Image J. C-Caspase 3/PARP, cleaved-Caspase 3 and cleaved-PARP. 
Data are expressed as means ± SD (n=3). ## and ### indicate P < 0.01 and 0.001 vs. the CuE group, respectively. 
*, **, and *** indicate P < 0.05, 0.01, and P < 0.001 vs. the DMSO group, respectively. ns, no significance.

Figure 8. CuE induced ER stress-mediated LSCC cell apoptosis through the ROS pathway. A. Immunofluorescence 
detection of ER stress using ER-ID Red dye in NAC-pretreated, CuE-incubated TU686 and AMC-HN-8 cells. Scale bar 
=100 μm. B, C. Western blotting of p-PERK, PERK, p-elF2α, elF2α, ATF4, and CHOP in LSCC cells exposed to 0.1 µM 
CuE for 24 h following preincubation with or without 10 μM NAC for 3 h. Protein band intensity was quantified by 
Image J. All values are presented as means ± SD (n=3). ## and ### indicate P < 0.01 and 0.001 vs. the CuE group, 
and *, **, and *** indicate P < 0.05, 0.01, and P < 0.001 vs. the DMSO group, respectively. ns, no significance.
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NAC pretreatment suppressed CuE-upregulat- 
ed p-PERK, p-eIF-2α, ATF4, and CHOP in  
LSCC cells (Figure 8B, 8C). These findings sug-

gested that CuE increased ROS generation, 
thereby triggering ER stress and LSCC cell 
death.

Figure 9. CuE suppressed tumor growth in mouse LSCC models usingsubcutaneous xenografts established with 
TU686 cells. A, B. Representative images of mice and tumors collected at the end of experiment. C, D. Changes in 
tumor weight and volume in the xenograft model after treatment with 5 and 10 mg/kg CuE. E, F. Western blotting 
of p-PERK, PERK, p-elF2α, elF2α, ATF4, and CHOP in tumors. The protein band intensity was quantified using Image 
J. G. TUNEL staining of LCSS cells in mice. Apoptotic cells and nuclei are stained green and blue, respectively. Data 
are presented as means ± SD, n=6/group. *, **, and *** indicate P < 0.05, 0.01, and P < 0.001 vs. the DMSO 
group, respectively. ns, no significance.
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CuE inhibits LSCC cell growth in vivo

To explore CuE’s antitumor activity in vivo, we 
established a TU686 cell-derived xenograft 
LSCC model and treated tumor-bearing mice 
with CuE. Treatment with CuE significantly 
inhibited tumor growth (Figure 9A, 9B). 
Moreover, the mean tumor weight and volume 
were reduced in the groups administered 5 
mg/kg and 10 mg/kg CuE compared to the 
DMSO group, especially in the 10 mg/kg CuE-
treated group (Figure 9C, 9D). Moreover, ER 
stress triggered by CuE in the in vivo LSCC 
model was validated, with increased p-PERK, 
p-eIF-2α, ATF4, and CHOP levels after treat-
ment with 5 and 10 mg/kg CuE, especially in 
the 10 mg/kg CuE group, compared to the 
DMSO group (Figure 9E, 9F). TUNEL assays 
unveiled a higher number apoptotic cells in the 
tumor tissues of the 5 mg/kg and 10 mg/kg 
CuE-treated groups than in the DMSO group 
(Figure 9G). Additionally, immunohistochemis-
try showed no obvious morphological changes 
in the heart, kidney, liver, spleen, or lungs 
between CuE and DMSO groups (Supplement- 
ary Figure 2), indicating that CuE is relative safe 
in vivo. Taken together, these results indicate 
that CuE inhibited the growth of LSCC in vivo.

Discussion

LSCC is characterized by its high malignancy 
rates and ranks second in morbidity rates 
among patients with head and neck neoplasms 
[26]. Despite progress in therapeutic approach-
es, the 5-year survival rate of patients with 
LSCC remains low [27]. Therefore, there is a 
critical need for new antitumor agents and a 
deeper understanding of the molecular mecha-
nisms underlying the inhibition of LSCC pro-
gression. This study demonstrated that CuE 
exerted inhibitory effects on LSCC cells, induc-
ing excessive ER stress and mitochondrial dys-
function by elevating intracellular ROS produc-
tion and triggering apoptosis. Similar results 
have been reported in murine LSCC models. In 
addition, the ROS inhibitor NAC reversed these 
effects. Therefore, CuE may serve as an effec-
tive candidate for treating human LSCC by 
inducing LSCC cell apoptosis via ROS-regulated 
ER stress and mitochondrial dysfunction.

ROS play a dual role in tumor cell survival [28]. 
Although tumor cells typically exhibit higher 

basal ROS levels than normal cells, a moderate 
increase in ROS levels facilitates tumorigene-
sis, metastasis, angiogenesis, and drug resis-
tance [29-31]. Conversely, excessive ROS con-
centrations above threshold levels trigger vari-
ous types of cell death [29]. Therefore, the 
modulation of intracellular ROS levels is a cru-
cial antitumor therapeutic strategy. Several 
studies have indicated that some compounds 
such as DCZ0358, cosmosiin, and piceatannol 
exert their antitumor functions by inducting 
ROS-mediated apoptosis [32-34]. In the pres-
ent study, CuE exhibited antitumor activity in 
LSCC cells by inducing ROS generation, which 
was inhibited by the antioxidant NAC. Our 
results suggested that ROS are the primary sig-
nal regulators of CuE-induced apoptosis.

Delving into the pro-apoptotic mechanism of 
CuE in detail, our data revealed that increased 
ROS generation led to mitochondrial dysfunc-
tion and ER stress. ER stress-mediated tumor 
cell apoptosis is a crucial mechanism of can- 
cer therapeutic drugs [35, 36]. ER stress’ main 
function is to re-establish ER homeostasis by 
activating the unfolded protein response. 
However, severe or prolonged ER stress can 
shift the pro-survival role to a pro-apoptotic 
one, triggering intrinsic apoptosis [25]. PERK/
eIF2α/CHOP pathway is a prominent sensor of 
ER stress, inducing death upon ER stress [19]. 
PERK activates eIF2α, which subsequently 
enhances ATF4 and CHOP expression, trigger-
ing cell apoptosis [37]. Our study found that 
CuE dose-dependently augmented p-PERK, 
p-eIF2α, ATF-4, and CHOP levels, indicating 
that CuE induced pro-apoptotic ER stress sig-
naling. Furthermore, pretreatment with 4-PBA 
partially reduced CuE-induced apoptosis, 
unveiling the importance of ER stress in CuE-
triggered cell death. Similar to CuE, compounds 
such as honokiol, plumbagin, and pendulone 
can induce ER stress to mediate tumor cell 
apoptosis [19, 38, 39]. Mounting evidence  
supports the association between uncontrolled 
ROS-mediated oxidative stress and the ER 
stress response, leading to ER stress-depen-
dent cell apoptosis [37, 40]. Research has 
unveiled that antioxidants can lower ER stress 
and enhance cell survival [41]. In this study, 
NAC blocked CuE-induced ER stress, emphasiz-
ing the role of ROS in CuE-triggered ER stress. 
Additionally, this ROS overproduction promotes 
mitochondrial membrane hyperpolarization, 
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causing MMP collapse, the release of cyto-
chrome c into the cytoplasm, and caspase-
dependent apoptosis [20]. Our results revealed 
that CuE treatment attenuated MMP and 
increased the cytoplasmic cytochrome c and 
C-Caspase 3/PARP levels in LSCC cells. Not- 
ably, NAC reversed these changes, indicating 
that increased ROS generation initiated ER 
stress by stimulating mitochondria-medicated 
cell death and PERK/eIF2α/CHOP pathway in 
CuE-stimulated LSCC cells.

Cucurbitacins, a family of plant triterpenoids, 
are classified into 12 categories based on their 
side chain structural variations [42]. CuE is the 
most widely distributed chemical component in 
this family [42]. Previous explorations have 
reported the potent antitumor function of CuE 
in colon, prostate, and lung cancer cells, as  
well as in hepatoma carcinoma [6, 8, 10, 43]. 
Our study highlights the potential role of CuE in 
LSCC treatment, indicating its pro-apoptotic 
action in LSCC cell-based systems in vitro and 
in vivo, and illustrates the mechanisms un- 
derlying CuE-mediated anti-LSCC activity. 
Overall, our study results indicated that CuE 
induces LCSS apoptosis by augmenting ROS-
mediated mitochondrial dysfunction and ER 
stress and thus can serve as a valuable thera-
peutic agent for LSCC treatment.

Our study demonstrated that CuE has a marked 
inhibitory function on LSCC both in vivo and in 
vitro, with ROS emerging as the primary con-
tributor to CuE’s anti-LSCC activity. CuE dra-
matically promoted ROS generation in LSCC 
cells, triggering ER stress and activating PERK/
eIF2α/ATK4/CHOP pathway, ultimately induc-
ing cell apoptosis. These promising outcomes 
suggest that CuE has potential applications in 
LSCC treatment, and our data may accelerate 
its development toward clinical utilization.
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Supplementary Figure 1. NAC blocked CuE-induced apoptosis in LSCC cells. Representative flow cytometric graphs of apoptotic LSCC cells when cells were incu-
bated with CuE for 24 h after preincubation with 10 μM NAC for 3 h (n=3).
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Supplementary Figure 2. H&E staining of heart, liver, spleen, lung, and Kidney from Control, DMSO, 5 mg/kg, and 
10 mg/kg group. Scale bar =100 μm. n=6/group.


