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Abstract. The antitumor effect of norcantharidin (NCTD) has 
been widely reported. However, whether NCTD can inhibit 
cervical cancer remains unknown. In the present study, it was 
shown that NCTD inhibited the viability of cervical cancer 
cells and caused cell cycle arrest in a concentration‑dependent 
manner. Further analysis revealed that the NCTD‑induced 
reduction in cell viability could be reversed by the inhibitor 
of apoptosis z‑VAD‑FMK and by the inhibitor of endoplasmic 
reticulum (ER) stress, 4‑phenylbutyric acid (4‑PBA). 
Additionally, NCTD led to the accumulation of reactive 
oxygen species as well as a decrease in the mitochondrial 
membrane potential in cervical cancer cells, whereas 4‑PBA 
pre‑treatment attenuated these alterations. In addition, NCTD 
increased the expression of the apoptosis‑related proteins 
Bip, activating transcription factor (ATF) 4 and C/EBP 
homologous protein in a concentration‑dependent manner. 
Moreover, NCTD significantly increased the expression of the 
ER stress‑related signaling molecules protein kinase R‑like 
ER kinase, inositol‑requiring enzyme 1 and ATF6, but 4‑PBA 
abolished these effects. In vivo experiments showed that NCTD 
significantly inhibited the growth of subcutaneous tumors 
in mice. Additionally, the expression of ER stress‑related 
molecules and apoptosis‑related proteins increased signifi‑
cantly after NCTD treatment. In conclusion, NCTD induces 
apoptosis by activating ER stress and ultimately curtails the 
progression of cervical cancer.

Introduction

Cervical cancer is the most common gynecological malignancy 
and ranks second among female malignancies worldwide (1). 
The pathogenesis of cervical cancer is complex, and human 
papilloma virus (HPV) is the main cause of cervical cancer 

with ~95% of cervical cancer cases reported to be caused by 
HPV infection (2). Once HPV infects cervical epidermal cells, 
the expression of the oncogenes E6 and E7 inactivates p53 
and pRb, which ultimately leads to malignant proliferation of 
cervical cells (2). In addition, factors such as family heredity, 
obesity and an unhealthy lifestyle are risk factors for cervical 
cancer (3). In recent years, the incidence of cervical cancer 
has been gradually increasing, with a trend towards younger 
women, which has seriously affected the lives of female 
patients and even led to death (4,5). Therefore, early detection 
and active prevention of cervical cancer are important research 
topics for gynecological malignant tumors.

The endoplasmic reticulum (ER) is an organelle in eukary‑
otic cells that plays an important role in the maintenance of 
calcium homeostasis, lipid synthesis, and protein folding 
and modification (6). The homeostasis of the ER is essential 
for ensuring that proteins are correctly folded, whereas 
slow‑folding or unfolded proteins are retained in the ER 
and degraded via the proteasome pathway, which is known 
as the unfolded protein response (UPR)  (7). As unfolded 
proteins accumulate in the ER, ER transmembrane proteins, 
whose N‑termini are in the ER lumen and whose C‑termini 
are in the cytoplasm, connect the ER to the cytoplasm (8). 
Normally, the N termini of these ER transmembrane proteins 
are regulated by the ER chaperone protein Grp78 (Bip), which 
organizes their aggregation  (9). However, when unfolded 
proteins accumulate in the ER, Bip is released, allowing these 
transmembrane signaling proteins to aggregate and transmit 
UPR signals (10). Protein kinase R‑like ER kinase (PERK), 
inositol‑requiring enzyme 1 (IRE1) and activating transcrip‑
tion factor (ATF) 6 are important molecules in the three ER 
stress signaling pathways (11). PERK is a serine/threonine 
protein kinase with a catalytic structural domain that is highly 
homologous to kinases of the eukaryotic initiation factor 
2α (eIF2α) family (12). Once Bip is released, PERK begins 
to oligomerize during ER membrane activation, inducing 
autophosphorylation and activating the kinase structural 
domain to an inactivated state, thus blocking the translation 
of downstream mRNAs and reducing the protein load in the 
ER (Fig. 1) (12). However, when eIF2α expression is restricted, 
several mRNAs, including ATF4, containing open reading 
frames at the 5' end begin to be translated (13). ATF4 drives 
transcription factor C/EBP homologous protein (CHOP), 
which regulates the expression of apoptosis‑related genes (13). 
It is well known that persistent activation of ER stress can 
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directly regulate tumor cell death, including apoptosis, by 
initiating a variety of related signaling pathways (11).

Cantharidin is a major anticancer component of the 
traditional Chinese medicine Zanthoxylum, but it is highly 
toxic to the urinary system (14). Norcantharidin (NCTD) is 
a novel compound formed by removing two methyl groups 
on the basis of cantharidin, and the former significantly 
reduces the side effects of the latter; this compound has been 
widely used in the clinic (14). The antitumor effects of NCTD 
have been widely reported (15,16). For example, in bladder 
cancer cells, NCTD inhibited the malignant proliferation of 
bladder cancer stem cell‑like cells by targeting CDC6 (16). In 
non‑small cell lung cancer types, NCTD induces cell death 
in a mitophagy‑dependent manner (15). However, whether 
NCTD inhibits cervical cancer has not been reported. The 
aim of the present study was to investigate whether NCTD 
inhibits the malignant progression of cervical cancer and the 
underlying molecular mechanism through the discovery of 
new effective drugs for the early prevention and treatment of 
cervical cancer.

Materials and methods

Cell culture. The human cervical cancer cell lines C‑33A 
and HeLa were purchased from Procell Life Science & 
Technology Co., Ltd. C‑33A and HeLa cells were cultured in 
MEM (HyClone; Cytiva) supplemented with 10% fetal bovine 
serum (HyClone; Cytiva) in an incubator at 37˚C with 5% 
CO2.

Western blotting. A total of 100 mg of tumor tissue and 
cervical cancer cells were collected, RIPA buffer (high; 
Beijing Solarbio Science & Technology Co., Ltd.) was 
added, and the samples were centrifuged at 10,000 x g for 
15  min at room temperature to collect the supernatant. 
Subsequently, a BCA protein assay kit (Beijing Solarbio 
Science & Technology Co., Ltd.) was used to measure the 
protein concentration in the supernatants. In the present 
study, 10% SDS‑PAGE was used to separate the protein 
samples (20 µg/lane). After electrophoresis, the proteins were 
transferred to a PVDF membrane (Thermo Fisher Scientific, 
Inc.). After which, the PVDF membrane was rinsed with 
PBST (PBS supplemented with 0.1% Tween‑20, Beijing 
Solarbio Science & Technology Co., Ltd.) and blocked 
with 8% skim milk (Thermo Fisher Scientific, Inc.) at room 
temperature for 2 h. After the PVDF membranes were rinsed, 
they were incubated with the following primary antibodies: 
Anti‑ATF4 (cat.  no.  11815), anti‑CHOP (cat.  no.  2895), 
anti‑Bip (cat. no. 3177), anti‑p‑IRE1α (cat. no. ab124945), 
anti‑IRE1α (cat. no. 3294), anti‑p‑PERK (cat. no. ab192591), 
anti‑PERK (cat. no. 5683) and anti‑GAPDH (cat. no. 5174; all 
antibodies were purchased from Cell Signaling Technology, 
Inc.; anti‑p‑IRE1α and p‑PERK were from Abcam; 1:1,000) 
at  4˚C overnight. After sufficient washing with PBST, 
the membrane was co‑incubated with goat anti‑rabbit or 
anti‑mouse IgG/HRP (cat. nos. SE134 and SE131, respec‑
tively; 1:5,000; Beijing Solarbio Science & Technology Co., 
Ltd.) at room temperature for 2 h. Subsequently, ECL western 
blotting substrate (Beijing Solarbio Science & Technology 
Co., Ltd.) was added to detect the protein signal and GAPDH 

was used as an internal reference. The relative protein inten‑
sity was determined using ImageJ (V1.8.0; NIH). 

Intracellular ROS detection. After C‑33A and HeLa cells 
were processed, the DCFH‑DA fluorescent probe was diluted 
1:1,000 in serum‑free medium according to the manufacturer's 
instructions (Beijing Solarbio Science & Technology Co., 
Ltd.) and co‑incubated with the cells at 37˚C for 20 min (the 
final concentration of DCFH‑DA was 10 µM). The cells were 
collected and detected via flow cytometry (BD FACS; BD 
Biosciences). The data were analyzed using FlowJo software 
(v10.10.0; FlowJo LLC).

Cell viability assay. A Cell Counting Kit‑8 (CCK‑8) (Beijing 
Solarbio Science & Technology Co., Ltd.) was used to detect 
the viability of the C‑33A and HeLa cells. A total of 103 cells 
were inoculated in 96‑well plates and cultured overnight, after 
which different concentrations (0, 10, 20, 40, 80, 160 and 32
0 µM) of NCTD (Selleck Chemicals) were added to each 
well for treatment. Next, 10 µl of CCK‑8 reagent was added to 
each well and incubated at 37˚C for 2 h. The absorbance was 
measured at OD450 nm using a Thermo Scientific Multiskan 
MK3 Enzyme Mark Instrument (Thermo Fisher Scientific, 
Inc.). The 50% inhibitory concentration (IC50) was calculated 
using GraphPad Prism 10 (Dotmatics).

To explore which type of cell death could be induced by 
NCTD in cervical cancer cells, the cells were preincubated 
with apoptosis inhibitor, z‑VAD‑FMK (ZVAD; 20  µM; 
MedChemExpress), the ER stress inhibitor 4‑phenylbutyric 
acid (4‑PBA; 10 mM; MedChemExpress), autophagy inhibitor, 
chloroquine (CQ; 20 µM; MedChemExpress), for 1 h at 37˚C. 
Then, the cells were further treated with 40 µM NCTD for 
37 h. After which, cell viability was determined as aforemen‑
tioned.

Cell cycle assay. After C‑33A and HeLa cells were processed, the 
cells were collected and washed well with PBS. Subsequently, a 
DNA Content Quantitation Assay (Cell Cycle; cat. no. CA1510; 
Beijing Solarbio Science & Technology Co., Ltd.) was used to 
detect cell cycle changes. Briefly, the prepared cell suspension 
was fixed with 70% pre‑cooled ethanol for 2 h, and the cells were 
resuspended by adding 100 µl of RNase A solution to the cell 
pellet in a water bath at 37˚C for 30 min. Subsequently, 400 µl 
of PI was added to each group of cells for 30 min at 4˚C in the 
dark, after which the proteins were detected via flow cytometry 
(BD FACS; BD Biosciences). The data were analyzed using 
FlowJo software (v10.10.0; FlowJo LLC).

EdU staining. C‑33A and HeLa cells were incubated 
with 100  µl of EdU staining solution (Wuhan Servicebio 
Technology Co., Ltd.) at 37˚C for 2 h. After sufficient washing 
with PBS, the cells were fixed with 4% paraformaldehyde at 
room temperature for 30 min followed by addition of 100 µl 
of PBS containing 0.5% Triton X‑100 at room temperature for 
15 min. Finally, 10 µl of DAPI was added to the sections, which 
were incubated at room temperature for 10 min. Subsequently, 
the sections were blocked with an anti‑fluorescence quenching 
sealer (Wuhan Servicebio Technology Co., Ltd.) and placed 
under a fluorescence microscope (Keyence Corporation) for 
observation.
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DNA damage assay. The effect of NCTD on DNA damage 
in C‑33A and HeLa cells in the present study was assessed 
via a DNA damage assay kit (cat.  no.  C2035S; Beyotime 
Institute of Biotechnology), and the specific steps were carried 
out according to the manufacturer's instructions. The rela‑
tive fluorescence density was observed under a fluorescence 
microscope (Keyence Corporation).

Intracellular Ca2+ level assay. An intracellular Ca2+ Assay Kit 
(F04 method; cat. no. HR8229; Beijing Biolab Technology Co., 
Ltd.) was used to detect changes in the intracellular calcium 
ion concentration. Briefly, C‑33A and HeLa cells were washed 
thoroughly with HBSS, and F04 staining working solution was 
subsequently added according to the manufacturer's instruc‑
tions. Afterwards, the cells were incubated at 37˚C for 30 min 
before the fluorescence intensity of Ca2+ was detected under a 
fluorescence microscope (Keyence Corporation).

Mitochondrial membrane potential (MMP) assay. MMP 
detection was performed using a Mitochondrial Membrane 
Potential Assay Kit with JC‑1 (Beijing Solarbio Science 
& Technology Co., Ltd.). C‑33A and HeLa cells were 
inoculated in six‑well plates, and after treatment with 40 µM 
NCTD at 37˚C for 24 h, the cells were washed three times 
with PBS. Subsequently, the cells were collected, stained 
according to the manufacturer's instructions and recorded 
under a fluorescence microscope (Keyence Corporation). 
When the MMP is high, JC‑1 aggregates in the matrix of 
mitochondria and forms polymers, which can produce red 

fluorescence; when the mitochondrial membrane potential 
is low, JC‑1 cannot aggregate in the matrix of mitochondria, 
and at this time, JC‑1 is a monomer that can produce green 
fluorescence.

Tumor model in nude mice. The present study was approved 
by The Animal Ethics Committee at Tongliao City Hospital 
(Tongliao, China; approval no. 2023‑TLAJ34). Male nude 
mice aged 6‑7  weeks (20±4  g) used in the present study 
and were purchased from SPF (Beijing) Biotechnology, 
Co., Ltd. All mice were housed in a temperature‑(20‑24˚C) 
and humidity‑controlled (45‑55%) environment. A 12/12 h 
light/dark cycle was maintained in the animal housing rooms. 
All mice had free access to food and water. A total of 106 
HeLa cells (100 µl) were injected subcutaneously into the 
nude mice through the right lower abdomen to construct the 
nude mouse subcutaneous tumor model. Subsequently, the 
model mice were randomly divided into 2 groups (n=8/group) 
and given subcutaneous injections of PBS or 3 mg/kg NCTD 
every 2 days for 5 consecutive treatments, after which the 
body weights of the mice and the growth of the subcutaneous 
tumors were recorded. In order to anesthetize the mice, 4% 
isoflurane was used. The mice were deeply anesthetized when 
they breathed evenly, had no splinting pain reflex and had no 
corneal reflex. Subsequently, cervical dislocation was used to 
execute the mice, and the mice were judged to be dead when 
their heartbeat stopped. At the end of treatment, the subcuta‑
neous tumor tissues of the mice in each group were removed 
and weighed, and the tumor tissues were subjected to patho‑
logical section analysis. 

H&E staining. Tissue specimens were fixed in 4% paraformalde‑
hyde (Beijing Solarbio Science & Technology Co., Ltd.) at room 
temperature for 24 h. The fixed tissues were then fully dehydrated 
and paraffin embedded. Sections were cut into 5 µm sections, 
which were then baked and deparaffinized at 70˚C. Sections 
were stained with hematoxylin staining solution (H&E; Beijing 
Solarbio Science & Technology Co., Ltd.) as well as 0.5% eosin 
(Beijing Solarbio Science & Technology Co., Ltd.) for 2 min at 
room temperature, and after gradient dehydration with ethanol and 
treatment with xylene, the sections were oven‑dried and treated 
with neutral gum (Beijing Solarbio Science & Technology Co., 
Ltd.). The pathological morphology of the tissues was observed 
under a light microscope (Keyence Corporation) and recorded. 

Immunohistochemistry (IHC). Tissue specimens were fixed in 
4% paraformaldehyde (Beijing Solarbio Science & Technology 
Co., Ltd.) at room temperature for 24 h. The fixed tissues were 
then fully dehydrated and paraffin embedded. Sections were 
cut into 5 µm sections, which were then baked and deparaf‑
finized at 70˚C. After that, the sections were incubated with 
10% BSA at 37˚C for 1 h, anti‑CHOP (cat. no. 2895; 1:50; 
CST Biological Reagents Co., Ltd.) or anti‑Bip (cat. no. 3177; 
1:50; CST Biological Reagents Co., Ltd.) were added to the 
sections and incubated at 4˚C overnight. After rinsing with 
PBS for 3  h, 60  µl of biotin‑labeled  Goat  Anti‑Mouse or 
Anti‑Rabbit IgG (H+L; cat. nos. A0286 and A0277, respec‑
tively; 1:50; Beyotime Institute of Biotechnology) were added 
to the sections, which were incubated at 37˚C for 1 h. Then, 
the sections were color developed by adding an appropriate 

Figure 1. Schematic illustrating the important proteins involved in endo‑
plasmic reticulum stress. UPR, unfolded protein response; PERK, protein 
kinase R‑like ER kinase; IRE1α, inositol‑requiring enzyme 1α; ATF, acti‑
vating transcription factor; eIF2α, eukaryotic initiation factor 2α; CHOP, 
C/EBP homologous protein. 
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amount of DAB Horseradish Peroxidase Color Development 
Kit (cat. no. P0202; Beyotime Institute of Biotechnology) for 
10 min at room temperature, washed with tap water three 
times, and immediately stained with hematoxylin stain for 
5 min at room temperature. After sufficient dehydration and 
transparency, the sections were closed with neutral gum 
(Beijing Solarbio Science & Technology Co., Ltd.) and subse‑
quently observed under a microscope (Keyence Corporation).

Hematoxylin and Eosin Staining Kit (cat. no. C0105S, 
Beyotime, Shanghai, China) was used for the detection of 
liver and kidney pathological changes. After the slides were 
prepared as described above, the slides were stained with 
hematoxylin at room temperature for 5 min, rinsed in tap 
water, and continued to be stained with eosin for 1  min. 
Sections were sealed according to the above procedure and 
observed under the microscope (Keyence Corporation).

Statistical analysis. All the data in the present study are 
expressed as the mean ± standard deviation. GraphPad Prism 
10 (Dotmatics) was used for statistical analysis. Comparisons 
between two groups were made using unpaired Student's 
t‑tests, while comparisons between more than three groups 
were made using one‑way ANOVA followed by post hoc 
analysis (Tukey's HSD). P<0.05 was considered to indicate a 
statistically significant difference.

Results

NCTD inhibits the proliferation of cervical cancer cells. 
Whether NCTD inhibited the proliferation of cervical 
cancer cells was first tested. NCTD reduced the viability of 
C‑33A and HeLa cells in a concentration‑dependent manner 
(Fig.  2A  and  B). The IC50 values of these compounds in 
C‑33A and HeLa cells were 45.12 and 44.02 µM, respectively. 
Therefore, 40 µM NCTD was selected for subsequent experi‑
ments. Next, the effect of NCTD on the proliferation of cervical 
cancer cells was detected by EdU staining. Compared with 
that in the control group, the EdU staining of C‑33A and HeLa 
cells was attenuated after NCTD treatment (Fig. 2C and D). 
Flow cytometry revealed that NCTD significantly blocked the 
cell cycle progression of C‑33A and HeLa cells, as evidenced 
by an increase in the cell population in G1 phase and a 
decrease in the cell population in S+G2 phase (Fig. 2E and F). 
These results suggested that NCTD can inhibit the malignant 
proliferation of cervical cancer cells.

ER stress inhibitor 4‑phenylbutyric acid reverses 
NCTD‑induced cervical cancer cell death. The mecha‑
nism by which NCTD actually causes cervical cancer cell 
death was further explored. The NCTD‑induced reduction 
in the viability of C‑33A and HeLa cells was reversed by 
the apoptosis inhibitor, ZVAD and the ER stress inhibitor, 
4‑PBA, but the autophagy inhibitor CQ had no significant 
effect (Fig. 3A and B). Compared with apoptosis inhibi‑
tors, 4‑PBA appeared to have a more pronounced ability to 
reverse the decrease in NCTD‑cell viability. Additionally, 
the intracellular Ca2+ concentration was examined. 
Compared with those in the controls, the Ca2+ levels in the 
NCTD‑treated C‑33A and HeLa cells were significantly 
elevated (Fig.  3C  and  D). Moreover, ZVAD and 4‑PBA 

reversed the NCTD‑induced increase in Ca2+ levels, but 
CQ did not have this effect (Fig. 3C and D). These results 
suggested that ER stress may play an important role in the 
NCTD‑induced decrease in the proliferative capacity of 
cervical cancer cells.

ER stress inhibitor 4‑PBA attenuates NCTD‑induced MMP 
reduction in cervical cancer cells. Mitochondrial damage 
is an important step in cell death. Therefore, the effect of 
NCTD on ROS accumulation in cervical cancer cells was 
also examined. Flow cytometry assays showed that, compared 
with the control treatment, NCTD treatment significantly 
increased the level of ROS in C‑33A and HeLa cells, while 
4‑PBA pre‑treatment attenuated NCTD‑induced ROS accu‑
mulation (Fig. 4A and B). Unlike in the control group, in the 
NCTD treatment group, the MMP was significantly decreased, 
as evidenced by an increase in the level of mono‑JC‑1. The 
NCTD‑induced decrease in the MMP was ameliorated to 
some extent by 4‑PBA pre‑treatment (Fig. 4C and D). These 
results suggested that the NCTD‑induced decrease in mito‑
chondrial function can be ameliorated by 4‑PBA, an inhibitor 
of ER stress.

NCTD induces apoptosis in cervical cancer cells via the 
ATF4‑CHOP pathway. Next, the effect of NCTD on the 
ER stress‑related apoptotic pathway was examined. NCTD 
increased the protein expression of Bip, ATF4 and CHOP in 
a concentration‑dependent manner in C‑33A and HeLa cells 
(Fig. 5A and B). These results suggested that NCTD could 
induce apoptosis in cervical cancer cells by activating ER 
stress.

ER stress inhibitor 4‑PBA reverses NCTD‑induced IRE1α 
and PERK activation. In addition to examining the effects 
of ATF6, the effects of NCTD on the activation of two 
other UPR pathways, IRE1α and PERK were examined. 
NCTD significantly elevated the phosphorylation levels of 
IRE1α and PERK in cervical cancer cells, whereas 4‑PBA 
pre‑treatment significantly reduced the NCTD‑induced 
increase in p‑IRE1α and p‑PREK (Fig. 6A and B). Moreover, 
NCTD increased the IF intensity of γ‑H2A in cervical cancer 
cells, while 4‑PBA attenuated the IF intensity of γ‑H2A 
(Fig. 6C and D). These results suggested that NCTD‑induced 
ER stress and DNA damage in cervical cancer cells can be 
reversed by 4‑PBA.

NCTD attenuates tumor growth in  mice in  vivo. Next, 
whether NCTD attenuated tumor growth in vivo was tested. 
NCTD did not have side effects on the liver or kidney, indi‑
cating that it is safe for these organs (Fig. 7A and B). NCTD 
significantly reduced the weight and volume of the tumors 
(Fig. 7C and D). Additionally, the expression of CHOP and 
Bip in the tumor tissues of the mice was detected by IHC 
(Fig. 7E and F). Compared with those in the control group, the 
levels of CHOP and Bip in mouse tumor tissues were greater 
in the NCTD group. Moreover, three UPR‑related pathways, 
namely, the ATF6, p‑IREα/IREα and p‑PERK/PERK path‑
ways, were activated by NCTD in tumor tissues (Fig. 7G). 
These results suggested that NCTD can inhibit tumor growth 
in mice in vivo.
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Discussion

ER stress is a double‑edged sword (17). On the one hand, ER 
stress is important for tumor microenvironmental homeostasis 
and tumor growth inhibition; on the other hand, sustained 
ER stress can initiate multiple signaling pathways to promote 
tumor cell death (18). Therefore, targeting ER stress‑related 
signals to regulate tumor cell death may constitute a potential 
strategy for tumor treatment and intervention (18). NCTD is 
a novel synthetic antitumor drug with clear antitumor and 
leukocyte‑enhancing effects (19), but its efficacy in treating 
cervical cancer alone has not been reported.

In the present study, to the best of our knowledge, for the first 
time it was found that NCTD significantly inhibited the prolif‑
eration of cervical cancer cells in a concentration‑dependent 
manner. Further studies revealed that the ER stress inhibitor 
4‑PBA and the apoptosis inhibitor ZVAD could reverse the 

NCTD‑induced reduction in cervical cancer cell viability 
to some extent. Disturbed Ca2+ homeostasis is also a major 
manifestation of ER stress (17). Therefore, the effect of NCTD 
on Ca2+ levels was evaluated. NCTD increased Ca2+ levels in 
cervical cancer cells, whereas 4‑PBA reduced NCTD‑induced 
Ca2+ elevation, suggesting that ER stress is likely involved in 
the NCTD‑mediated reduction in cervical cancer cell viability.

ROS can react directly with proteins and their precursors, 
affecting protein assembly and modification and leading to a 
large accumulation of misfolded proteins as well as unfolded 
proteins in the ER, which is an important factor in inducing 
ER stress (20). It was clarified that NCTD can significantly 
promote ROS generation in cervical cancer cells and that this 
ROS accumulation is positively associated with a decrease in 
cervical cancer cell viability. Mitochondria and the ER are 
structurally related, and the two can be directly connected at 
the outer mitochondrial membrane and form transfer channels 

Figure 2. NCTD reduced the proliferative ability of cervical cancer cells. CCK‑8 analysis showed that NCTD reduced the viability of (A) C‑33A and (B) HeLa 
cells in a concentration‑dependent manner. EdU staining confirmed that NCTD attenuated the proliferative ability of (C) C‑33A and (D) HeLa cells. Flow 
cytometry revealed that NCTD significantly caused cell cycle arrest in (E) C‑33A and (F) HeLa cells. *P<0.05, **P<0.01 and ***P<0.001 vs. Con. Con, control; 
NCTD, norcantharidin.
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to facilitate the transfer of Ca2+ between the ER and mito‑
chondria to regulate mitochondrial metabolic homeostasis 
and apoptotic pathways (20,21). Therefore, mitochondria are 
also important regulatory target organelles of ER stress. In the 
present study, it was found that NCTD disrupted mitochondrial 
function, which was manifested by increased ROS generation 
and decreased MMP, suggesting that mitochondria are impor‑
tant targets through which NCTD kills cervical cancer cells. 
An inhibitor of ER stress, 4‑PBA, reversed the disruption of 
mitochondrial function induced by NCTD, suggesting that 
NCTD affects mitochondrial function in cervical cancer cells 
by regulating ER stress.

ER stress refers to a series of cellular adaptive responses 
and regulatory pathways caused by the disruption of protein 
folding and modification in the ER when cells are subjected 
to a variety of physiological and pathological factors, as 
well as nutritional deficiencies (6,22). ER stress promotes 
cell survival by activating a series of adaptive mechanisms 
called the UPR, which provides an improved microenviron‑
ment for the survival of tumor cells (23). However, sustained 
ER stress can directly regulate cell death, providing an 
important strategy for selective antitumor therapy (7,24). 

ER stress can activate intracellular PERK, IRE1α and 
ATF6, which in turn promotes the transcription of the 
apoptosis‑related protein CHOP  (10,24). In the present 
study, it was shown that NCTD can increase the expression 
of the apoptosis‑related proteins Bip, ATF4 and CHOP in 
a concentration‑dependent manner. In addition, it was also 
found that NCTD significantly increased the phosphoryla‑
tion of PERK and IRE1α and that the ER‑specific inhibitor 
4‑PBA significantly ameliorated the effects of NCTD on ER 
stress‑related proteins in cervical cancer cells, suggesting 
that NCTD regulates tumor cell apoptosis by activating 
ER stress in cervical cancer cells. Although HPV is the 
main cause of cervical cancer, there are still some cervical 
cancers that are not caused by HPV infection  (25). To 
investigate whether NCTD has a generalized inhibitory 
effect on different types of cervical cancer, two cell lines, 
an HPV‑negative C‑33A cell line and an HPV‑positive HeLa 
cell line, were used in the present study. The data showed 
that NCTD significantly induced apoptosis in cervical 
cancer cells through the activation of ER stress in both cell 
lines. Accordingly, it was hypothesized that NCTD has a 
therapeutic effect on different types of cervical cancer.

Figure 3. ER stress may play an important role in the NCTD‑induced decrease in the proliferative capacity of cervical cancer cells. CCK‑8 analysis showed that 
ZVAD and 4‑PBA reversed the NCTD‑induced decrease in the viability of (A) C‑33A and (B) HeLa cells. (C) ZVAD and (D) 4‑PBA partially abolished the 
NCTD‑induced decrease in the viability of C‑33A and HeLa cells. NCTD‑induced an elevation of Ca2+ levels. **P<0.01, ***P<0.001 vs. Con; #P<0.05, ##P<0.01, 
###P<0.001 vs. NCTD. Con, control; NCTD, norcantharidin; ZVAD, z‑VAD‑FMK; 4‑PBA, 4‑phenylbutyric acid. 
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In vivo experiments showed that NCTD significantly inhib‑
ited the growth of subcutaneous tumors in mice. H&E staining 
showed that NCTD treatment reduced the malignant prolifera‑
tion of cells in mouse tumor tissues. Moreover, the expression 
of ER stress‑related molecules and apoptosis‑related proteins 
increased significantly after NCTD treatment. Therefore, 
in vivo experiments demonstrated that NCTD could induce ER 
stress to inhibit tumor growth. It was also noted that NCTD 

increased the vacuolization of xenograft tumors in nude mice. 
It was hypothesized that NCTD induces ER stress and expan‑
sion, which leads to the emergence and fusion of ER‑derived 
vacuoles. ER expansion is a typical feature of paraptosis (26). 
Thus, NCTD induced sustained ER pressure and inhibited the 
malignant progression of cervical cancer. However, whether 
NCTD is an ER stress inducer with specific therapeutic effects 
on cervical cancer cells remains to be explored.

Figure 4. NCTD‑induced decrease in mitochondrial function can be ameliorated by 4‑PBA, an inhibitor of ER stress. Flow cytometry revealed that the 
NCTD‑induced increase in ROS could be reversed by 4‑PBA pre‑treatment in (A) C‑33A and (B) HeLa cells. JC‑1 staining showed that the NCTD‑induced 
increase in the mono‑JC‑1 concentration could be mitigated by 4‑BPA in (C) C‑33A and (D) HeLa cells. ***P<0.001; ###P<0.001 vs. NCTD. Con, control; NCTD, 
norcantharidin; 4‑PBA, 4‑phenylbutyric acid.
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Figure 5. NCTD can induce apoptosis in cervical cancer cells by activating endoplasmic reticulum stress. In (A) C‑33A and (B) HeLa cells, NCTD increased 
the protein expression of Bip, ATF4 and CHOP in a concentration‑dependent manner. *P<0.05, **P<0.01, ***P<0.001 vs. Con. Con, control; NCTD, norcan‑
tharidin; ATF4, activating transcription factor 4; CHOP, C/EBP homologous protein.

Figure 6. Endoplasmic reticulum stress inhibitor 4‑PBA reversed NCTD‑induced IRE1α and PERK activation. Western blotting assays revealed that 4‑PBA 
pre‑treatment significantly reduced the NCTD‑induced increase in p‑IRE1α and p‑PREK in (A) C‑33A and (B) HeLa cells. In (C) C‑33A and (D) HeLa cells, 
4‑PBA attenuated NCTD‑induced DNA damage. **P<0.01, ***P<0.001 vs. Con; ##P<0.01, ###P<0.001 vs. NCTD. Con, control; NCTD, norcantharidin; PERK, 
protein kinase R‑like ER kinase; IRE1α, inositol‑requiring enzyme 1α; 4‑PBA, 4‑phenylbutyric acid; p‑, phosphorylated. 
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The following limitations were also present in the present 
study. The antitumor effects of NCTD have been widely 
reported, but NCTD also plays a wide range of roles in other 
diseases. For example, NCTD ameliorates renal tubulointer‑
stitial fibrosis by blocking TGF‑β1/Smad signaling as well 
as the NF‑κB pathway (27). In lipopolysaccharide‑induced 
macrophages, NCTD downregulates hepcidin expression 
through the inhibition of IL‑6/JAK2/STAT3 signaling, 
resulting in a reduction in iron in the mouse liver and 
spleen  (28). In a mouse model of systemic lupus erythe‑
matosus, NCTD blockade of STAT3 signaling inhibited 
Th17 cell differentiation and attenuated the inflammatory 
response (29). Therefore, it is not known whether NCTD curbs 

the development of cervical cancer through other signaling 
pathways and thus, this requires further exploration. In future 
studies, whether NCTD inhibits cervical cancer through 
other molecular mechanisms will be investigated. Moreover, 
to promote the potential clinical application of NCTD, the 
number of samples in animal experiments will be increased 
to determine its efficacy and safety.

In conclusion, NCTD regulates cell death by inducing 
the ER stress pathway in cervical cancer cells. Therefore, 
NCTD could be a potential ER stress inducer and thus 
a potential strategy for anticancer cancer therapy. The 
present study revealed to the best of our knowledge for 
the first time that NCTD is a potential therapeutic agent 

Figure 7. NCTD attenuated tumor growth in mice in vivo. H&E staining showed that NCTD did not have side effects on the (A) liver or (B) kidney. NCTD 
significantly reduced the (C) weight (Left, tumor images; Right, tumor weight) and (D) volume of the tumors. Immunohistochemical staining showed that 
NCTD significantly increased the levels of (E) Bip and (F) CHOP in the tumor tissues of mice. (G) NCTD increased the levels of ATF6, p‑IREα/IREα and 
p‑PERK/PERK in tumor tissues. *P<0.05, **P<0.01, ***P<0.001 vs. Con. Con, control; NCTD, norcantharidin; PERK, protein kinase R‑like ER kinase; IRE1α, 
inositol‑requiring enzyme 1α; p‑, phosphorylated; ATF6, activating transcription factor 6; CHOP, C/EBP homologous protein.
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for the treatment of cervical cancer, but its actual clinical 
application needs to be confirmed by additional experi‑
ments.
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