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ABSTRACT: Cervical cancer is a significant global health concern, and novel
therapeutic strategies are continually being sought to combat this disease. In
recent years, selenadiazole found latent therapeutic effects on tumors. Herein,
investigating the mechanism of selenadiazole in Hela cells holds promise for
advancing cervical cancer treatment. Hela cells, a widely utilized model for
studying cervical cancer, were treated with selenadiazole, and cell viability was
assessed by using the cell counting kit-8 (CCK-8) assay. Changes in
mitochondrial membrane potential were evaluated using JC-1 staining, while
apoptosis induction was examined using AnnexinV−PI double staining.
Intracellular ROS levels were measured by using specific fluorescent probes
and the ELIASA system. Additionally, Western blotting was performed to
assess the activation of related proteins in response to selenadiazole. Data
analysis was performed using GraphPad. Exposure to selenadiazole led to a
substantial increase in intracellular redox oxygen species (ROS) levels in Hela cells. Importantly, the induction of ROS by
selenadiazole was associated with a marked increase in mitochondrial apoptosis, as evidenced by elevated levels of AnnexinV-positive
cells, the JC-1 monomer, caspase-9, and Bcl-2. Furthermore, activation of the JAK2/STAT3 pathway was observed following the
selenadiazole treatment. Selenadiazole holds the potential to suppress tumor growth in cervical cancer cells by increasing reactive
oxygen species (ROS) levels and inducing mitochondrial apoptosis via the JAK2/STAT3 pathway. This study offers valuable insights
into potential cervical cancer therapies and underscores the need for further research into the specific mechanisms of selenadiazole.

■ INTRODUCTION
Cervical cancer remains a pressing and life-threatening issue,
affecting women worldwide with a high morbidity rate of 13.3
per 100,000 in 2020.1 Tragically, it stands as the most frequent
cause of death among women in developing countries.2 What
is even more concerning is the observation that the average age
of onset for cervical cancer has seen a concerning decline of 5−
10 years compared to the past decade. This alarming trend
emphasizes the urgent need for effective interventions and
treatments. Despite remarkable progress in the development of
vaccines targeting high-risk human papillomavirus (HR-HPV)
and the advancement of radiotherapy and chemotherapy, there
remains a striking surplus of patients who face rapid disease
progression or recurrence or even find themselves in an
incurable situation. This can be attributed to several factors,
including potential HR-HPV infections and the inherent
heterogeneity of cervical cancer. It is crucial to acknowledge
that, while HR-HPV vaccination efforts have been accelerated,3

a significant proportion of patients still experience challenges
due to the diverse nature of HR-HPV strains and their impact
on disease progression. Additionally, the complex and
heterogeneous nature of cervical cancer itself poses obstacles
in effectively treating and managing the condition.4 These
factors contribute to the persistence and overabundance of

patients facing unfavorable outcomes. Addressing these
challenges requires a comprehensive approach that encom-
passes improved screening strategies, targeted therapies, and a
deeper understanding of the intricate mechanisms driving the
progression and recurrence of cervical cancer. By investing in
research and innovation, we can strive to reduce the burden of
this devastating disease and improve outcomes for patients
worldwide.
ROS plays a crucial role in the intricate web of intrinsic

biochemical processes, showcasing their unique and multi-
faceted impact on both organism growth and programmed cell
death.5 On one hand, ROS can instigate DNA damage when
there is an imbalance between pro-oxidants and antioxidants,
potentially triggering genomic alterations and even cell death.6

However, it is important to note that ROS also assumes a
significant role in the realm of cancer progression and

Received: December 18, 2023
Revised: March 21, 2024
Accepted: April 17, 2024
Published: April 30, 2024

Articlehttp://pubs.acs.org/journal/acsodf

© 2024 The Authors. Published by
American Chemical Society

20919
https://doi.org/10.1021/acsomega.3c10107

ACS Omega 2024, 9, 20919−20926

This article is licensed under CC-BY-NC-ND 4.0

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yi+Yuan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yinghua+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Qinglin+Deng"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jinying+Yang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jing+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.3c10107&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c10107?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c10107?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c10107?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c10107?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/9/19?ref=pdf
https://pubs.acs.org/toc/acsodf/9/19?ref=pdf
https://pubs.acs.org/toc/acsodf/9/19?ref=pdf
https://pubs.acs.org/toc/acsodf/9/19?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.3c10107?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://acsopenscience.org/researchers/open-access/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


development.6 It actively influences cancerous behavior by
signaling cell death pathways and shaping the immune
microenvironment.7 This interplay between ROS and bio-
chemical effects has propelled research efforts toward ROS-
modulating therapies, which have emerged as a compelling and
pivotal focus for suppressing tumorigenesis. By harnessing the
intricate relationship between ROS and cellular processes, we
strive to unlock new avenues for combating cancer and
enhancing therapeutic outcomes.
Selenium (Se) is a micronutrient acting as an inflammation,

oxidant, and tumor suppressor in humans.8,9 The paucity of
selenium throughout the metabolism is bound up with Keshan
disease, malignant tumors, and infertility.10−12 Notably, prior
studies have highlighted its extraordinary effects in abrogating
hepatocellular carcinoma, colon cancer, prostate cancer, lung
cancer, and even H1N1 virus infection through ROS-induced
apoptosis.13,14 Selenadiazole, a synthetic agent, exerts an
antiproliferation function in human breast adrenocarcinoma
MCF-7 cells and is also a radiosensitizer in melanoma A375
cell.15,16 In MCF-7, selenadiazole elicits an overabundance of
oxidants and DNA fragmentation, thus activating caspase, Bcl-
2, and other pro-apoptosis proteins. Simultaneously, selena-
diazole enhances the sensitivity of radiotherapy by eliciting
G2/M cell cycle arrest and ascending the ROS level, which
synergistically hinders cancerous activity.
It is important to highlight that, while the potential of

selenadiazole in inhibiting pan-cancer activity is complex, its
specific therapeutic mechanism in various cancers remains
unresolved. In this study, we aim to investigate the anticancer
effects of selenadiazole in cervical cancer Hela cells and
elucidate its underlying molecular mechanisms. Our findings
are anticipated to offer insights into a practical chemo-
therapeutic approach for cervical cancer, potentially contribu-
ting significantly to our understanding of the pathogenesis of
this disease.

■ RESULTS AND DISCUSSION
Selenadiazole Inhibited the Viability of Hela Cells.

Figure 1A demonstrates that cell viability gradually descended
as the concentration of selenadiazole increased (0, 10, 20, 25,
and 30 μM), implying a dose−response relationship. In Figure
1B, we further confirmed the inhibition potential of
selenadiazole. Compared with the control group, the inhibition
ratio of the 25 μM group and 30 μM group showed apparent
differences with P <0.01 and P <0.001, respectively.
Notwithstanding an apparent trend of cell viability, no
significant difference was detected between the control group
and either the 10 μM group or 20 μM group (P >0.05).
Consistent with prior studies, our findings demonstrated

that selenadiazole inhibited cell viability.16,17 The selection of
appropriate dosages was performed by using CCK-8.
Selenadiazole exerted cytotoxic effects on Hela cells. Beginning
with 10 μM, the increasing dosages of selenadiazole were
synchronized with descending cell viability (Figure 1). To
better investigate the intrinsic mechanism of selenadiazole, we
utilized the concentrations of 10, 20, and 30 μM in the
following experiment. To elucidate the anticancerous effects of
selenadiazole, we applied wound-healing assay and apoptosis-
related experiments subsequently.
Selenadiazole Inhibited Cell Migration of Hela Cells.

Furthermore, to explore the latent functions of selenadiazole in
suppressing tumor genesis, we conducted a wound-healing
assay. The results of the wound-healing assay under different

doses of selenadiazole in Figure 2A indicated that selenadiazole
exerted a role as a migration inhibitor in Hela cells. After
measurement of the scratch widths, we found that the wound-
healing rates of the 10, 20, and 30 μM group were significantly
increased (P <0.05) compared with the control group (Figure
2B).

Figure 1. Effects of selenadiazole in cell viability. (A) Morphological
features of Hela cells under different doses of selenadiazole. (B) Cell
viability under different doses of selenadiazole was detected by CCK-
8 compared with the control group. * denotes P <0.05, ** denotes P
<0.01, and *** denotes P <0.001.

Figure 2. Effects of selenadiazole in cell migration. (A) Results of the
wound-healing assay under different doses of selenadiazole. (B)
Results of the wound-healing rate under different doses of
selenadiazole compared with the control group. * denotes P <0.05,
** denotes P <0.01, and *** denotes P <0.001.
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Cell migration is a crucial ability for cancerous cells to
remodel vessels and forth deteriorate tumor genesis in cervical
cancer.18 Paralleled with results of cell viability, Figure 2
depicts that wound-healing rates of the 10, 20, and 30 groups
were significantly increased compared with the control group.
Notably, wound-healing assay is a two-dimension cell
migration assay, which could provide a snapshot of cell
capacity,19 and a concrete mechanism of migration phenotype
should be further investigated.
Selenadiazole Affects Mitochondrial Membrane Po-

tential (ΔΨm). The decreasing of mitochondrial membrane
potential (ΔΨm) is one of the tokens of early stage
apoptosis.20 Here, selenide triggered mitochondria depolariza-
tion, thus resulting in intracellular dysfunction. As depicted in
Figure 3A, fluorescence staining showed that selenadiazole
decreased the levels of JC-1 aggregates but increased the levels
of JC-1 monomers in Hela cells as the concentrations of
selenadiazole ascended, which indicated that selenadiazole
enabled the descending of mitochondrial membrane potential.
We also quantized the JC-1 changes by calculating the intensity
ratio between green fluorescence and red fluorescence in
Figure 3A. Then, we digested the Hela cells and applied JC-1
staining to quantitatively identify the mitochondrial membrane
potential (ΔΨm) through flow cytometry. Figure 3B
demonstrates that the JC-1 aggregates descended shown in
the Q2 quadrant, while JC-1 monomers ascended shown in the
Q4 quadrant with percentages of 2.5, 27.1, 29.1, and 42.0%,
following the addition of selenadiazole.
Mitochondria participate in a large amount of cellular

function, including ATP generation, glycometabolism, lipid
metabolism, and oxidants-antioxidants balance.21 Presently, we

found that selenadiazole damaged the mitochondrial mem-
brane by using the JC-1 assay (Figure 3). More JC-1
monomers were detected following the increasing levels of
selenadiazole, indicating the descending mitochondrial mem-
brane potential. The alterations of morphological features in
mitochondria may subsequently induce the imbalance between
oxidants and antioxidants,22 which requires further exper-
imental proof.
Selenadiazole-Induced Apoptosis in Hela Cells. When

apoptosis occurred, the inner layer of the phospholipid bilayer
everted. In that capacity, AnnexinV staining reagents enabled
binding to serine inside the inner layer. PI staining reagents
were capable of gaining access into necrotic or late-stage
apoptosis cells and emitted red fluorescence. Here, we found
that selenadiazole induced early and late-stage apoptosis
(Figure 4A). We have used red, green, and black arrows to
assign the apoptotic, necrotic, and living cells, respectively. Of
note, a swollen and dense nucleus is the token to identify the
apoptotic cell. Then, the necrotic cell is recognized by its
incomplete cytomembrane and intracellular vacuoles. Our flow
cytometry analysis also indicated that selenadiazole gradually
induced cell apoptosis with elevated percentages of 1.6, 2.9,
4.7, and 5.1% in early stage apoptosis and 1.1, 2.6, 3.9, and
5.7% in late-stage apoptosis.
The damage to the mitochondria membrane inhibits the Bcl-

2 family and activates caspase-9, thus triggering mitochondrial
apoptosis.23,24 Apoptosis is characterized by an everted
phospholipid bilayer, which can be detected by AnnexinV
staining. Our results of AnnexinV-PI double staining
demonstrated selenadiazole-induced apoptosis. Lumped up
with previous results of elevated JC-1 monomers, we could

Figure 3. Selenadiazole affects mitochondrial membrane potential (ΔΨm). (A) JC-1 aggregates and monomers of Hela cells under different doses
of selenadiazole. (B) Flow cytometry results of JC-1 aggregates and monomers under different doses of selenadiazole.
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conclude that selenadiazole possibly triggered mitochondrial
apoptosis. Of note, is noteworthy whether selenadiazole-
induced mitochondrial apoptosis should be further confirmed
through the detection of the caspase-9 and Bcl-2 family.
Selenadiazole-Induced Apoptosis through the In-

trinsic Pathway. In intrinsic apoptosis, the homeostasis of
the Bcl-2 family started to disappear as DNA was damaged,
thus resulting in the activation of caspase-9.22 Caspase-9
stimulated an apoptotic cascade reaction and triggered the
cleaving of caspase-3 ultimately.21 Here, we found that
selenadiazole-activated poly ADP-ribose polymerase (PARP),
caspase-9, Bcl-2, and caspase-3 in Hela cells (Figure 5A). Bcl-2
levels ascended following the increasing doses of selenadiazole.
Acted as a substrate of cleaved-caspase, the elevated expression
of PARP was detected. The expression of caspase-9 started to
augment (P <0.05) as the concentration of selenadiazole
elevated P <0.05 (Figure 5B). Caspase-3 increased as the

concentration of selenadiazole elevated into 3 μM, with P
<0.001 (Figure 5B).
To elucidate the mechanism of selenadiazole-induced

apoptosis, we detected the expressions of Bcl-2, caspase-3,
caspase-9, and PARP. The levels of mitochondrial apoptosis-
related proteins, Bcl-2, and caspase-9 decreased or increased
following the increasing doses of selenadiazole, respectively
(Figure 5). Additionally, the critical protein of apoptosis,
caspase-3, increased as the concentration of selenadiazole
rose.25,26 Collectively, we can clue that selenadiazole triggered
impaired mitochondria and activated caspase-9-mediated
mitochondrial apoptosis. It is worth noting that how
selenadiazole causes caspase-9-mediated mitochondrial apop-
tosis remained unresolved. Considering the mitochondrial
function and homeostasis of oxidants-antioxidants, ROS
detection is needed to prove that selenadiazole could lead to
ROS elevation, thus triggering mitochondrial apoptosis.

Figure 4. Selenadiazole induced apoptosis in Hela cells. (A) AnnexinV and PI in Hela cells under different doses of selenadiazole. (B) Flow
cytometry results of AnnexinV and PI under different doses of selenadiazole. The red, green, and black arrows assign the apoptotic, necrotic, and
living cells, respectively.
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Selenadiazole-Induced ROS Generation. ROS is
capable of activating a series of transcription factors and
participating in apoptosis.27,28 DCFH cannot be detected by a
fluorescence microscope only when DCFH is oxidated into
DCF by intracellular ROS. In our study, we uncovered that the
ROS levels gradually increased following the addition of
selenadiazole (Figure 6A). Furthermore, we quantitatively
detected ROS generation and found that ROS generation was
significantly elevated with P <0.05, P <0.0001, and P <0.0001,
respectively (Figure 6B).
We applied DCFH to confirm ROS augmentation and

validated that selenadiazole resulted in the aggregation of ROS

(Figure 6). Until now, we have speculated that selenadiazole
acts as a tumor suppressor via ROS-induced mitochondrial
apoptosis in Hela cells, whereas the intrinsic mechanism of
selenadizole in inducing ROS-mediated apoptosis remained
unknown.
Selenadiazole-Activated JAK2/STAT3 Pathway. In

Figure 7A, the elevated concentration of selenadiazole was
synchronized with a decreased expression of JAK2, STAT3,
and pSTAT3. Figure 7B−D demonstrates relative expression
of JAK2, STAT3, and pSTAT3 among different doses of
selenadiazole with statistical significance. These findings
implied that selenadiazole triggered transcription factor
STAT3 and activated the JAK2/STAT3 pathway. Lumped
up the results mentioned above, we concluded that the JAK2/
STAT3 pathway is presumably a cardinal signal pathway for
selenadiazole in cell invasion and apoptosis.
Figure 7 shows that selenadiazole declined the expression of

JAK2 and STAT3, which were documented as cell proliferating
proteins.29−31 JAK2 is known to undergo activation upon
binding of specific ligands to their respective cytokine
receptors.32 This activation triggers the autophosphorylation
of JAK proteins and subsequent phosphorylation of the
associated receptors, thereby generating multiple binding
sites for signal transduction proteins. Notably, the transcription
factor, STAT3, is among the key molecules involved in these
processes.33 STAT3 has been demonstrated to exhibit
persistent activation in various human tumors, and it possesses
an oncogenic capacity along with antiapoptotic activity.34

Together, our results implied that selenadiazole holds the
potential for suppressing tumor growth in cervical cancer cells
by increasing reactive oxygen species (ROS) levels and
inducing mitochondrial apoptosis via the JAK2/STAT3
pathway.
The limitations of our study could not be ignored. First, the

use of Hela cells, while a well-established model for cervical
cancer, may not fully represent the heterogeneity of cervical
cancer. Future studies could benefit from validating the
findings in other cell lines or primary cancer cells. Second,
although our study provides valuable insights using in vitro
models, translating these findings into an in vivo context is
essential to assess the clinical significance and potential side
effects of selenadiazole. Ultimately, the study highlights the
activation of the JAK2/STAT3 pathway and ROS-induced
apoptosis, additional experiments exploring the detailed
molecular mechanisms underlying these processes would
further strengthen the conclusions (Figure 8).

■ CONCLUSIONS
Selenadiazole holds the potential for suppressing tumor growth
in cervical cancer cells by increasing reactive oxygen species
(ROS) levels and inducing mitochondrial apoptosis via the
JAK2/STAT3 pathway. This study offers valuable insights into
potential cervical cancer therapies and underscores the need
for further research into the specific mechanisms of
selenadiazole.

■ METHODS AND MATERIALS
Cell Culture and Cell Viability Assay. Hela cells,

purchased from the American Type Culture Collection
(ATCC, Manassas, VA, USA), were cultured in a humid
incubator at 37 °C under a 5% CO2 atm. The cells were grown
in a complete medium, comprising Dulbecco’s Modified Eagle

Figure 5. Expression of the apoptosis-related protein in Hela cells
under different doses of selenadiazole. (A) Western blotting analysis
of PARP, caspase-9, and Bcl-2 in Hela cells under different doses of
selenadiazole. (B) Caspase activity under different doses of
selenadiazole compared with the control group. * denotes P <0.05,
** denotes P <0.01, and *** denotes P <0.001.

Figure 6. ROS overproduction induced by selenadiazole. (A)
Changes in intracellular ROS under different doses of selenadiazole.
(B) ROS generation under different doses of selenadiazole compared
with the control group. * denotes P <0.05, ** denotes P <0.01, ***
denotes P <0.001, and **** denotes P <0.0001.
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Medium (DMEM, Gibco, Carlsbad, CA, USA), 10% Fetal
Bovine Serum (FBS, Gibco, Carlsbad, CA, USA), and 1%
penicillin−streptomycin (100×) (Gibco, Carlsbad, CA, USA).
Cell viability at different selenadiazole treatment levels was
assessed using the Cell Count Kit-8 (CCK-8, Beyotime,
Shanghai, China). Initially, cells were dissociated using 0.25%

Trypsin-EDTA (Gibco, Carlsbad, CA, USA) and seeded at a
density of 10^5 cells per 1000 μL in a 96-well plate.
Detection of Mitochondrial Membrane Potential

(ΔΨm). The decrease in mitochondrial membrane potential
is one of the tokens of apoptosis, which could be detected by
the JC-1 fluorescence probe (Beyotime, Shanghai, China).
Hela cells were seeded in a 6-well plate with selenadiazole

Figure 7. Selenadiazole triggered apoptosis through the JAK2/STAT3 pathway. (A) Western blotting analysis of Hela cells exposed with different
doses of selenadiazole. (B) Relative expression of JAK2 compared with β-actin. (C) Relative expression of STAT3 compared with β-actin. (D)
Relative expression of pSTAT3 compared with β-actin. * denotes P <0.05, ** denotes P <0.01, and *** denotes P <0.001.

Figure 8. Schematic overview of selenadiazole’s anticancerous capacities in Hela cells. Selenadiazole induced mitochondrial apoptosis via the ROS-
mediated JAK2/STAT3 signaling pathway.
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diluted by a complete culture medium for 24 h. First, the
medium was removed, and PBS was utilized for washing. Then,
we added 2000 μL of JC-1 staining reagent into each well and
put them into a 37 °C, 5% CO2 incubator. Twenty minutes
later, the JC-1 staining reagent was obsoleted, and we added
JC-1 buffer into each well to clear away the extra JC-1 staining
reagent. Ultimately, we put a complete culture medium into
each well and observed the distribution of JC-1 monomers and
aggregates using a fluorescence microscope. For the
quantitative experiment, we first digested cells into a
suspension and then repeated the steps mentioned above.
Flow cytometry was applied for detecting fluorescence and a
quantitative analysis.
AnnexinV-PI Double Staining Assay. An AnnexinV-

FITC Apoptosis Detection Kit was purchased from Beyotime
(Shanghai, China). Hela cells were seeded in a 6-well plate
with selenadiazole diluted by a complete culture medium for
24 h. First, the medium was removed and collected in 15 mL
centrifuge tubes, and Hela cells were placed into a state of
suspension. Then, the cells were centrifuged and collected. We
added 195 μL of AnnexinV staining reagent and 10 μL of
propidium iodide (PI) staining reagent into each centrifuge
tube and placed them at room temperature away from
moisture and light for 15 min. Finally, flow cytometry was
applied for detecting fluorescence and quantitative analysis.
For qualitative analysis, we prepared Hela cells for in situ
staining and grabbed the morphological features from a
fluorescence microscope.
Detection of Redox Oxygen Species. Hela cells were

seeded in a 6-well plate with selenadiazole diluted by a
complete culture medium for 24 h. First, the medium was
removed, and PBS was utilized for washing. Then, we added
1000 μL of DCFH-DA probe reagent into each well and put
them into a 37 °C, 5% CO2 incubator. Twenty minutes later,
we used a DMEM medium to clear away extra DCFH-DA.
Finally, we observe the distribution of ROS through a
fluorescence microscope. For the quantitative experiment, we
first digested cells into a state of suspension and then repeated
the steps mentioned above. We detected the ROS levels
through an ELIASA machine (ThermoFisher, Waltham,
Massachusetts, USA).
Detection of Caspase-3 and Caspase-9. Hela cells were

seeded in 6 cm culture dishes with selenadiazole diluted by a
complete culture medium for 24 h. We used trypsin to collect
cells and added PBS to clear away the extra complete culture
medium. Then, we obsoleted the liquid supernatant and put
cell lysate into each centrifuge tube on ice. After 30 min, we
put them at 15,000 rpm, 30 min, 4 °C centrifuge machine
(Eppendorf, Hamburg, Germany). We took the liquid
supernatant and mixed it into a caspase reaction system
(including sample, buffer, trypsin, Ac-LEHD-pNA for caspase-
9, and Ac-DEHD-pNA for caspase-3) in a 96-well plate. After
waiting for 8 h, we detected the absorbance value in 405 nm
and adjusted their caspase concentration by the total protein
concentration that was examined by a Bradford Assay Kit
(Beyotime, Shanghai, China).
Western Blotting. We added our combined lysate (RIPA,

PMSF, and phosphatase inhibitors included; Beyotime,
Shanghai, China) into cells. A BCA Protein Assay Kit
(Beyotime, Shanghai, China) was utilized for adjusting the
loading volume of the protein sample. For electrophoresis, we
used a 10% PAGE Gel Fast Preparation Kit (Epizyme,
Shanghai, China) and finished the process in a condition of

120 V, 40 min. When it came to transferring, we used PVDF
membrane (Millipore, Darmstadt, Germany) and stayed at a
condition of 90 V, for 100 min. Then, we put the PVDF
membrane into a protein-free blocking buffer (Solarbio,
Beijing, China). We incubated the PVDF membrane with
primary antibodies (Cellsignaling Technology, Boston, USA)
for 12 h in a 4 °C shaker. After that, the PVDF membrane was
covered with secondary antibodies (Cellsignaling Technology,
Boston, USA). Ultimately, a Chemistar High-sig ECL Western
Blotting Substrate (Tanon, Shanghai, China) was used for
imaging the protein.
Statistical Analysis. Statistical analysis was conducted in

GraphPad (San Diego, California, USA). Continuous variants
are represented as mean ± SD t test and a one-way or two-way
analysis of variants were utilized.
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