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Abstract

Background: Non-small-cell lung cancer (NSCLC) remains a deadly malignancy worldwide. Resistance to cisplatin (DDP) is a
significant obstacle that limits the therapeutic efficacy in NSCLC patients.

Objectives: This study investigated the role and mechanism of 24-dehydrocholesterol reductase (DHCR24) in DDP resistance in
NSCLC cells.

Methods: 24-dehydrocholesterol reductase levels, ferroptosis-related molecules, and proteins involved in the PI3K/AKT/GSK3[
pathway were measured. The growth capacity of the cells was evaluated, and ferroptosis was assessed by measuring MDA, GSH,

Fe?*, and ROS levels. The impact of DHCR24 on NSCLC DDP resistance was analyzed using a tumor xenograft assay in vivo. Ki-67
and DHCR24 expression in tumors were evaluated through immunohistochemical staining.

Results: 24-dehydrocholesterol reductase expression was elevated in DDP-resistant cells, indicating a poorer prognosis for
NSCLC patients. Down-regulation of DHCR24 inhibited the growth of DDP-resistant cells and induced ferroptosis. Inhibition of
DHCR24 led to the inactivation of the PI3K/AKT/GSK3B pathway and subsequent induction of ferroptosis. Inhibition of
ferroptosis or activation of the PI3K/AKT/GSK3B pathway counteracted the increased DDP sensitivity induced by DHCR24
knockdown in NSCLC cells. Additionally, DHCR24 deficiency improved NSCLC DDP resistance in vivo.

Conclusions: 24-dehydrocholesterol reductase contributes to DDP resistance in NSCLC cells by suppressing ferroptosis through
the activation of the PI3K/AKT/GSK3[ pathway.
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1. Background the mechanisms underlying DDP resistance to increase

NSCLC patients' sensitivity to cisplatin therapy and

As a systemic therapy, chemotherapy has been
recognized as the primary treatment method for non-
small-cell lung cancer (NSCLC) patients, significantly
improving the 5-year survival rate by about 5 - 15% (1).
Cisplatin (DDP) is the first-line chemotherapy drug for
NSCLC and is frequently used in clinical settings (2).
However, resistance to DDP can greatly reduce
treatment efficacy, leading to recurrence and metastasis
(3)- Advancements in molecular biology offer innovative
opportunities for identifying targeted therapies against
drug-resistant NSCLC. Therefore, it is urgent to uncover

ultimately improve outcomes.

Ferroptosis is a new type of cell death that occurs in
an iron-dependent manner, characterized by
glutathione (GSH) exhaustion and reactive oxygen
species (ROS) overproduction (4). Glutathione
peroxidase 4 (GPX4) is a crucial suppressor of
ferroptosis, and its activity can be modulated by GSH (5).
Increasing evidence suggests that ferroptosis is closely
associated with tumor growth and chemoresistance (6).
Ferroptosis induction has been reported as an effective
strategy to overcome cisplatin resistance in NSCLC cells

Copyright © 2024, Qin et al. This open-access article is available under the Creative Commons Attribution 4.0 (CC BY 4.0) International License
(https://creativecommons.org|licenses/by/4.0/), which allows for unrestricted use, distribution, and reproduction in any medium, provided that the original

work is properly cited.


https://doi.org/10.5812/ijpr-150017
https://crossmark.crossref.org/dialog/?doi=10.5812/ijpr-150017&domain=pdf
https://crossmark.crossref.org/dialog/?doi=10.5812/ijpr-150017&domain=pdf
https://orcid.org/0009-0004-2314-4661
https://orcid.org/0009-0004-2314-4661
mailto:qince2024123@163.com

QinCetal.

(7). Despite extensive basic research, the regulatory
mechanisms of ferroptosis underlying NSCLC cisplatin
resistance remain unclear.

24-dehydrocholesterol reductase (DHCR24) is an
important regulatory enzyme in cholesterol synthesis
and has been documented as a ROS scavenger in
colorectal cancer (8). DHCR24 plays a crucial role in
tumor development and is also identified as a
biomarker for tumor diagnosis (9). In HepG2 cells,
repressing DHCR24 activity has been shown to increase
the sensitivity of pancreatic cancer cells to
chemotherapy (10, 11). A recent study reported that high
expression of DHCR24 is associated with poorer
outcomes in lung adenocarcinoma (12). Notably,
DHCR24 was found to be up-regulated in DDP-resistant
NSCLC cells (13). However, the role and mechanism of
DHCR24 in the context of DDP resistance during NSCLC
development have not yet been investigated.

2. Objectives

The biological function of DHCR24 in DDP resistance
was investigated using DDP-resistant NSCLC cells and
nude mice.

3. Methods

3.1. Clinical Samples

Thirty paired NSCLC and para-carcinoma tissues were
obtained during surgical removal at Cangzhou Central
Hospital. The NSCLC tissues were divided into a DDP-
resistant group (n = 17) and a DDP-sensitive group (n =
13). All NSCLC patients enrolled in this study provided
informed consent.

3.2. Cell Culture, Establishment of DDP-Resistant Cells, and
Treatments

A549 and NCI-H1975 cells were cultured in F-12K and
RPMI-1640 (Gibco, USA), respectively, with 10% FBS
(Gibco). To establish DDP-resistant cells, NSCLC cells
were exposed to increasing concentrations of DDP
according to a previous study (14). Briefly, A549 and NCI-
H1975 cells were treated with 0.5 ug/mL DDP (MCE, USA)
for 3 days, followed by a 72-hour recovery period.
Subsequently, increasing doses of DDP (1, 2, 4, 8, and 10
yg/mL) were administered. After three cycles, DDP-
resistant cells were successfully established and named
A549/DDP and NCI-H1975/DDP.

To inhibit ferroptosis, A549/DDP and NCI-H1975/DDP
cells were treated with 10 uM Ferrostatin-1 (15), a
ferroptosis inhibitor, for 24 hours. IGF-1 (100 ng/mL,

MCE) (16) was administered for 24 hours to activate the
PI3K/AKT pathway.

3.3. Cell Transfection

A549/DDP and NCI-H1975/DDP cells were transfected
with sh-DHCR24 or sh-NC (GenePharma, Shanghai,
China) using Lipofectamine 2000 (Thermo Fisher, USA).
The stably transfected cells were selected by treatment
with decreasing doses of Neomycin (ranging from 800
to 200 pg/mL) for two weeks.

3.4. Quantitative Real time Polymerase Chain Reaction (RT-
qPCR)

Total RNA was isolated from A549/DDP and NCI-
H1975/DDP cells using TRIzol (Thermo Fisher). Reverse
transcription was performed with RT Master Mix for
gPCR II (MCE). The mRNA expression of DHCR24 was
measured using SYBR Green Premix Ex Taq ROX Plus
(Takara, Japan). The relative level of mRNA was

calculated using the 2722¢T method. The primer
sequences were as follows: DHCR24, forward:
ATGGCAGCTTTGTGCGATG, reverse:
ACGCAGCTTGACGTACTTCT; B-Actin, forward:
TTGCGTTACACCCTTTCTTG, reverse:
CACCTTCACCGTTCCAGTTT.

3.5. Western Blotting

DDP-resistant NSCLC cells and tumors were harvested
and lysed with RIPA buffer (Beyotime, Haimen, China) to
obtain total protein samples, which were then
quantified using the BCA protein quantification kit
(Yeasen, Shanghai, China). Protein samples (40 ug) were
loaded onto SDS-PAGE gels and transferred to PVDF
membranes. After blocking with 5% skim milk, the blots
were incubated with primary antibodies against
DHCR24 (#2033, CST, USA), GPX4 (A21440, ABclonal,
Wuhan, China), SLC7A11 (A2413, ABclonal), ACSL4 (A20414,
ABclonal), p-PI3K (AP0427, ABclonal), PI3K (A22487,
ABclonal), p-AKT (AP1453, ABclonal), AKT (A18120,
ABclonal), p-GSK3B (AP0261, ABclonal), GSK3B (A6164,
ABclonal), and GAPDH (A19056, ABclonal) overnight at
4°C. This was followed by incubation with a secondary
antibody (AS014, ABclonal). Protein bands were
developed wusing ECL Western Blotting Substrate
(Solarbio, Beijing, China).

3.6. Cell Counting Kit-8 (CCK-8)

Three thousand A549/DDP and NCI-H1975/DDP cells in
96-well plates were treated with 10 pL of CCKS8
(Beyotime) for 2 hours at 37°C. Subsequently, the optical
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density at 450 nm (OD450) was measured using a
microplate reader (Bio-Tek, USA).

3.7. Colony Formation

One thousand A549/DDP and NCI-H1975/DDP cells
were cultured in 6-well plates for two weeks. After
fixation with 4% paraformaldehyde and staining with
crystal violet, the colonies were counted.

3.8. Detection of MDA, GSH, Fe2+, ROS Levels

The MDA, GSH, Fe?*, and ROS levels were determined
using commercial assay kits provided by Solarbio,
following the protocols for each kit.

3.9. Animal Model

Male, 4-week-old BALB/c nude mice (SLAC Laboratory,
Shanghai, China) were divided into four groups (n = 6
per group): Control, DDP, DDP + sh-NC, and DDP + sh-

DHCR24. A549/DDP cells (3 x 10°) were subcutaneously
injected into the left flank of the mice. When the tumor
diameter reached approximately 5 mm, the mice were
administered DDP (intraperitoneal injection, 4 mg/kg)
every 3 days for a total of 6 injections (17). Tumor volume
was calculated using the formula: Volume =1/2 x width x
length?. All mice were euthanized, and tumors were
collected. The animal experiments were conducted in
accordance with the ethics approval from the
Committee on the Ethics of Cangzhou Central Hospital
(ethical code: 2022-187-03(z)).

3.10. Immunobhistochemical Staining

The xenografts were fixed in 4% paraformaldehyde,
dehydrated, embedded in paraffin, and cut into 4-pm
thick sections. After deparaffinization, the sections
underwent antigen retrieval. They were then probed
overnight at 4°C with Ki-67 (#34330, 1:200, CST) or
DHCR24 (#2033, 1:100, CST), followed by incubation with
a secondary antibody (ASO014, 1:2000, ABclonal) and
staining with 3,3-diaminobenzidine. After washing, the
sections were observed under a light microscope
(Olympus, Japan).

3.11. Statistical Analysis

Results are presented as mean * standard deviation
(SD). Comparisons between two groups were performed
using Student’s t-test, and comparisons among multiple
groups were conducted using one-way ANOVA, all
analyzed with GraphPad Prism 6.0. A P-value of < 0.05
was considered statistically significant.
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4.Results

4.1. DHCR24 Was Highly Expressed During DDP Resistance

We evaluated the differential levels of DHCR24 in
para-carcinoma, DDP-resistant, and DDP-sensitive NSCLC
tissues. Quantitative real time polymerase chain
reaction (RT-qPCR) analysis showed that DHCR24 mRNA
levels were higher in the DDP-sensitive group compared
to the control group, with even higher levels observed in
the DDP-resistant group (Figure 1A). Additionally,
DHCR24 mRNA levels were elevated in DDP-resistant
cells (Figure 1B). Consistently, the protein levels of
DHCR24 were significantly higher in DDP-resistant
NSCLC cells (Figure 1C). Furthermore, the Gepia database
(http://gepia.cancer-pku.cn/detail.php) indicated that
NSCLC patients with high DHCR24 expression had a
lower survival rate compared to those with low DHCR24
expression (Figure 1D). Collectively, these findings
suggest that DHCR24 is highly expressed in DDP
resistance and is associated with poor outcomes in
NSCLC.

4.2. DHCR24 Down-Regulation Raised DDP Sensitivity

The silencing efficiency of sh-DHCR24 was validated
(Figure 2A, B). Subsequently, A549/DDP and NCI-
H1975/DDP  cells were treated with various
concentrations of DDP (0, 2, 6, 10, 14, 20, or 50 ug/mL)
following DHCR24 knockdown. Cell viability was
reduced in a dose-dependent manner by DDP, with the
reduction further enhanced by DHCR24 silencing
(Figure 2C, D). Additionally, DHCR24 knockdown further
decreased the number of colonies formed in response to
DDP (Figure 2E, G). These findings support the
conclusion that DHCR24 silencing enhances DDP
sensitivity in NSCLC cells.

4.3. DHCR24 Deficiency Induced Ferroptosis to Enhance DDP
Sensitivity of NSCLC Cells

Ferroptosis has been identified as a novel type of cell
death that can overcome DDP resistance in NSCLC cells
(18). Thus, we further explored the role of DHCR24 in
regulating ferroptosis in DDP-resistant NSCLC cells. As
expected, we observed an accumulation of lipid

peroxidation products (MDA), Fe?*, and ROS, along with
a depletion of GSH in DDP-treated DDP-resistant cells,
which was further exacerbated by DHCR24 deficiency
(Figure 3A-D). Additionally, DHCR24 depletion further
decreased GPX4 and SLC7A11 levels, while increasing
ACSL4 levels in A549/DDP and NCI-H1975/DDP cells
(Figure 3E, F). To determine whether DHCR24 affected
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Figure 1. The DHCR24 was up-regulated in DDP-resistant NSCLC samples and cells. A, quantitative real time polymerase chain reaction (RT-qPCR) analysis of DHCR24 mRNA level
in DDP-resistant and sensitive NSCLC tissues and para-carcinoma tissues; B and C, DHCR24 mRNA and protein expression in DDP-resistant NSCLC cells and parental cells was
assessed by RT-qPCR and Western blotting; D, GEPIA database analyzed the correlation between DHCR24 expression and survival of NSCLC patients. ***P < 0.001.
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Figure 2. The DDP sensitivity was elevated in DHCR24-silenced NSCLC cells. A549/DDP and NCI-H1975/DDP cells were transfected with sh-DHCR24 or sh-NC. A and B, quantitative
real time polymerase chain reaction (RT-qPCR) and Western blotting determined DHCR24 mRNA and protein levels; C and D, after exposure to various concentrations of DDP, cell
viability was assessed by CCK-8; E-G, the growth of NSCLC cells was evaluated by colony formation assay. * P < 0.05, *** P < 0.001.

DDP sensitivity in NSCLC cells through modulation of
ferroptosis, sh-DHCR24-transfected cells were co-treated
with Ferrostatin-l, a ferroptosis inhibitor. The reduced
cell viability caused by DHCR24 downregulation was
partially restored by Ferrostatin-1 co-treatment (Figure

3G). Furthermore, the reduction in the number of
colonies in DHCR24-deficient cells was significantly
reversed by Ferrostatin-1 administration upon DDP
exposure (Figure 3H). These observations suggest that
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Figure 3. The DHCR24 knockdown enhanced DDP sensitivity of NSCLC cells via inducing ferroptosis. Sh-DHCR24 or Sh-NC-transfected A549/DDP and NCI-H1975/DDP cells were
treated with 10 pg/mL DDP. A-D, the levels of MDA, GSH, Fe?*, and ROS levels were detected by commercial kits. E and F, the protein abundance of GPX4, LC7A11, and ACSL4 was

measured by Western blotting. Sh-DHCR24-transfected A549/DDP and NCI-H1975/DDP cells were treated with 10 uM Ferrostatin-1 in the presence of DDP; G, cell viability of DDP-
resistant NSCLC cells was evaluated by CCK-8; H, the growth ability was analyzed by colony formation assay. * P < 0.05, ** P < 0.01, *** P < 0.001.
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Figure 4. The DHCR24 down-regulation triggered ferroptosis by inactivating PI3K/AKT/GSK3p pathway. A549/DDP and NCI-H1975/DDP cells were transfected with sh-DHCR24 or
Sh-NC together with treatment with 10 ug/mL DDP. A and B, the protein levels of p-PI3K, PI3K, p-AKT, AKT, p-GSK3B, and GSK3p were detected by Western blotting; C-F, MDA, GSH,
Fe?", and ROS levels were assessed by commercial kits. Sh-DHCR24-transfected DDP-resistant NSCLC cells were co-treated with 100 ng/mL IGF-1 upon DDP exposure. G and H, the

protein abundance of GPX4, LC7A11, and ACSL4 was determined by Western blotting; I and ], the growth of cells was determined by CCK-8 and colony formation assay. *P < 0.05, **
P <0.01,"*P<0.001

DHCR24 knockdown sensitizes NSCLC cells to DDP by
inducing ferroptosis. 4.4. DHCR24 Knockdown Triggered Ferroptosis via
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p-PI3K, PI3K, p-AKT, AKT, p-GSK3p, and GSK3p protein levels in tumor tissues. * P < 0.05, ** P < 0.01, *** P < 0.001.

Inactivation of PIBK/AKT/GSK3f3 Pathway

To further investigate the upstream regulatory
mechanism of DHCR24 in ferroptosis, we focused on the
PI3K/AKT/GSK3B pathway. Western blotting results
showed that the levels of p-PI3K, p-AKT, and p-GSK3f
proteins were significantly increased in DDP-stimulated
NSCLC cells, and DHCR24 depletion further intensified
these changes (Figure 4A, B). Additionally, DHCR24-
silenced cells were treated with IGF-1 to activate the
PI3K/AKT/GSK3B pathway. We observed that IGF-1

treatment counteracted the elevated MDA, Fe?*, and ROS
levels, as well as the decreased GSH content induced by
sh-DHCR24 (Figure 4C-F). Moreover, IGF-1 co-treatment
reversed the reductions in GPX4 and SLC7A11 levels and
the increase in ACSL4 levels in DHCR24-depleted NSCLC
cells (Figure 4G,H). Furthermore, the reduced cell
viability and colony-forming capacity of sh-DHCR24-
transfected NSCLC cells were significantly improved
following IGF-1 administration (Figure 4I, ]). Taken
together, these results suggest that IGF-1-induced
activation of the PI3K/AKT/GSK3[ pathway plays a role in
the ferroptosis triggered by DHCR24 knockdown in
NSCLC cells.

4.5. DHCR24 Depletion Restrained Xenograft Growth and
DDP Resistance in Vivo

Finally, we functionally verified the in vitro results in
tumor-bearing mice in vivo. DHCR24 deficiency
effectively increased sensitivity to DDP, as indicated by
reduced tumor volume and weight (Figure 5A, B). Ki-67
expression in tumors was significantly reduced by DDP
treatment, while DHCR24 expression remained
unaffected (Figure 5C). However, DHCR24 silencing
notably decreased both Ki-67 and DHCR24 expression in
tumor tissues upon DDP treatment (Figure 5C).
Furthermore, DDP treatment downregulated GPX4,
SLC7A11, p-PI3K, p-AKT, and p-GSK3p protein levels while
upregulating ACSL4 in tumors, with these effects further
amplified by DHCR24 ablation (Figure 5D). In summary,

our in vivo evidence demonstrates that DHCR24
silencing mitigates DDP resistance by inducing
ferroptosis  through the inactivation of the
PI3K/AKT/GSK3p pathway.

5. Discussion

Due to its affordability and effectiveness, DDP has
been considered the cornerstone of treatment for
NSCLC (19). However, the development of DDP resistance
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has led to therapeutic failure and poor prognosis for
NSCLC patients (20). The unclear molecular mechanisms
underlying DDP resistance remain a major barrier to
achieving effective treatment for NSCLC (21). Therefore,
uncovering the molecular mechanisms of DDP
resistance is crucial for overcoming it and improving
treatment outcomes. DHCR24, a key enzyme in
cholesterol synthesis, has been documented to affect
various cellular functions, including cell proliferation,
oxidative stress response, and inflammation (22).
Additionally, a close association has been reported
between DHCR24 upregulation and malignant
behaviors in cancer cells (23). High expression of
DHCR24 has also been validated in DDP-resistant NSCLC
cells (13). Consistent with previous studies, we observed
elevated levels of DHCR24 in DDP-resistant NSCLC cells. A
study by Tian et al. revealed that silencing DHCR24
enhanced DDP-induced damage in cochlear hair cells
(24). In line with this, our study provides the first
evidence that DHCR24 deficiency effectively sensitizes
NSCLC cells to DDP treatment.

Ferroptosis has been shown to play a role in
regulating DDP resistance in cancer cells (25).
Additionally, d-borneol treatment has increased NSCLC
cell sensitivity to DDP by inducing ferroptosis, thus
enhancing anticancer efficacy (26). DHCR24 has been
identified as protective against oxidative stress-induced
injury in hepatocytes (27). Another study reported that
DHCR24 inhibited excessive ROS production in
pancreatic B cells induced by endoplasmic reticulum
stress (28). Our study aligns with these findings,
showing that DHCR24 depletion induces ferroptosis, as
evidenced by decreased levels of GSH, GPX4, and SLC7A1],
and increased levels of MDA, ROS, and ACSL4.
Furthermore, the increased DDP sensitivity of NSCLC
cells induced by DHCR24 knockdown was diminished by
a ferroptosis inhibitor. These findings collectively reveal
that DHCR24 inhibition reduces DDP resistance in
NSCLC by triggering ferroptosis.

It has been suggested that various pathways, such as
the PI3K/AKT signaling pathway, may be involved in the
modulation of ferroptosis (29). GSK3p is recognized as
one of the downstream effectors of the PI3K/AKT
pathway (30). Yao et al. found that DHCR24 mitigated
H202-induced oxidative damage in A549 cells by
activating the PI3K/AKT pathway (22). Additionally,
DHCR24 has been reported to activate the PI3K/AKT
pathway to alleviate dilated cardiomyopathy in mice
(31). Furthermore, DHCR24 overexpression has been
shown to trigger microglia polarization and
inflammation by activating the AKT/GSK3pB signaling
pathway in BV-2 cells (32). Our research revealed similar
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results, demonstrating that DHCR24 inhibition
significantly inactivated the PI3K/AKT/GSK3[ pathway in
DDP-resistant NSCLC cells. Moreover, activation of
PI3K/AKT counteracted the ferroptosis and proliferation
inhibition induced by DHCR24 silencing in NSCLC cells
upon DDP treatment. Therefore, we concluded that
DHCR24 knockdown triggers ferroptosis in NSCLC cells
via inactivation of the PI3K/AKT/GSK3p pathway.

This study has several limitations. First, the clinical
sample size is small, and the correlation between
abnormal expression of DHCR24 and DDP resistance
needs to be validated in a larger cohort of patients.
Second, the wupstream regulatory mechanisms
responsible for the high expression of DHCR24 during
DDP resistance have not been elucidated. Future
research should further explore the mechanisms
underlying DHCR24 to provide foundational data for its
clinical application.

5.1. Conclusions

Our observations demonstrated that DHCR24
knockdown enhances DDP sensitivity in NSCLC cells by
inactivating the PI3K/AKT/GSK3p pathway, thereby
restraining ROS-mediated ferroptosis. These findings
provide a strong theoretical basis for developing
DHCR24-targeted therapies against DDP-resistant
NSCLC.

Footnotes

Authors' Contribution: CQ designed the study. C. Q., .
Y, and R. Z. performed the experiments. L. L. was
responsible for data analysis; C. Q. and Y. B. wrote the
manuscript. All the authors reviewed and approved the
final draft.

Conflict of Interests Statement: The authors have no
conflicts of interest to declare.

Data Availability: The dataset presented in the study is
available on request from the corresponding author
during submission or after its publication. The data are
not publicly available due to privacy protection.

Ethical Approval: This study was conducted and
approved by the Committee on the Ethics of Cangzhou
Central Hospital (Ethical code: 2022-187-03(z)).
Funding/Support: This study was not supported by any
funding.

Informed Consent: All NSCLC patients enrolled in this
study provided informed consent.

References



QinCetal.

10.

12.

13.

QuickStats. Age-Adjusted Prevalence*(,)(dagger) of Hypertension
Treatment( section sign) Among Adults Aged >[=18 Years with
Hypertension,( paragraph sign) by Sex and Race/Ethnicity - National
Health and Nutrition Examination Survey, United States, 2011-2014.
Morb Mortal Wkly Rep. 2016;65(21):553.

Ettinger DS, Wood DE, Akerley W, Bazhenova LA, Borghaei H, Camidge
DR, et al. NCCN Guidelines Insights: Non-Small Cell Lung Cancer,
Version 4.2016. ] Natl Compr Canc Netw. 2016;14(3):255-64. [PubMed ID:
26957612]. [PubMed Central ID: PMC10181272].
https://doi.org/10.6004/jnccn.2016.0031.

Xiao L, Lan X, Shi X, Zhao K, Wang D, Wang X, et al. Cytoplasmic RAP1
mediates cisplatin resistance of non-small cell lung cancer. Cell Death
Dis. 2017;8(5):e2803. https://doi.org/10.1038/cddis.2017.210.

Chen H, Wang L, Liu ], Wan Z, Zhou L, Liao H, et al. LncRNA ITGB2-AS1
promotes cisplatin resistance of non-small cell lung cancer by
inhibiting ferroptosis via activating the FOSL2/NAMPT axis. Cancer
Biol Ther. 2023;24(1):2223377. [PubMed ID: 37370246]. [PubMed Central
ID: PMC10308868]. https://doi.org/10.1080/15384047.2023.2223377.

Chen X, Li ], Kang R, Klionsky DJ, Tang D. Ferroptosis: machinery and
regulation. Autophagy. 2021;17(9):2054-81. [PubMed ID: 32804006].
[PubMed Central ID: PMC8496712].
https://doi.org/10.1080/15548627.2020.1810918.

Mou Y, Wang |, Wu |, He D, Zhang C, Duan C, et al. Ferroptosis, a new
form of cell death: opportunities and challenges in cancer. | Hematol
Oncol. 2019;12(1):34. [PubMed ID: 30925886]. [PubMed Central ID:
PMC6441206]. https://doi.org[10.1186/s13045-019-0720-y.

Deng SH, Wu DM, Li L, Liu T, Zhang T, Li ], et al. miR-324-3p reverses
cisplatin resistance by inducing GPX4-mediated ferroptosis in lung
adenocarcinoma cell line A549. Biochem Biophys Res Commun.
2021;549:54-60. [PubMed ID: 33662669].
https://doi.org/10.1016/j.bbrc.2021.02.077.

Zhang Y, Wang M, Meng F, Yang M, Chen Y, Guo X, et al. A novel SRSF3
inhibitor, SFI003, exerts anticancer activity against colorectal cancer
by modulating the SRSF3/DHCR24/ROS axis. Cell Death Discov.
2022;8(1):238. [PubMed ID: 35501301]. [PubMed Central ID:
PMC9061822]. https://doi.org[10.1038/s41420-022-01039-9.

Fu X, Wang Z. DHCR24 in Tumor Diagnosis and Treatment: A
Comprehensive Review. Technol Cancer Res Treat.
2024;23:15330338241259800. [PubMed ID: 38847653]. [PubMed
Central ID: PMC11162140). https://doi.org/10.1177/15330338241259780.

Wang H, Lu Z,Li Y, LiuT, Zhao L, Gao T, et al. Virtual Screening of Novel
24-Dehydroxysterol Reductase (DHCR24) Inhibitors and the
Biological Evaluation of Irbesartan in Cholesterol-Lowering Effect.
Mol. 2023;28(6). [PubMed ID: 36985615]. [PubMed Central ID:
PMC10053925]. https://doi.org[10.3390/molecules28062643.

Zhou T, Xie Y, Hou X, Bai W, Li X, Liu Z, et al. Irbesartan overcomes
gemcitabine resistance in pancreatic cancer by suppressing
stemness and iron metabolism via inhibition of the Hippo/YAP1/c-
Jun axis. | Exp Clin Cancer Res. 2023;42(1):111. [PubMed ID: 37143164].
[PubMed Central ID: PMC10157938]. https://doi.org[10.1186/s13046-023-
02671-8.

Dai T, Adachi ], Dai Y, Nakano N, Yamato M, Kikuchi S, et al. In-depth
proteomics reveals the characteristic developmental profiles of early
lung adenocarcinoma with epidermal growth factor receptor
mutation. Cancer Med. 2023;12(9):10755-67. [PubMed ID: 37004157].
[PubMed Central ID: PMC10225231].
https://doi.org[10.1002/cam4.5766.

Zhang ], Xu C, Gao Y, Wang Y, Ding Z, Zhang Y, et al. A Novel Long Non-
coding RNA, MSTRG.51053.2 Regulates Cisplatin Resistance by
Sponging the miR-432-5p in Non-small Cell Lung Cancer Cells. Front
Oncol. 2020;10:215. [PubMed ID: 32158694]. [PubMed Central ID:
PMC70520009]. https://doi.org[10.3389/fonc.2020.00215.

14.

15.

16.

17.

19.

20.

21

22.

23.

24.

25.

26.

Chang F, Li ], Sun Q, Wei S, Song Y. Hsa_circ_0017639 regulates
cisplatin resistance and tumor growth via acting as a miR-1296-5p
molecular sponge and modulating sine oculis homeobox 1
expression in non-small cell lung cancer. Bioengineered.
2022;13(4):8806-22. [PubMed ID: 35287543]. [PubMed Central ID:
PMC9161884]. https://doi.org[10.1080/21655979.2022.2053810.

Tang X, Ding H, Liang M, Chen X, Yan Y, Wan N, et al. Curcumin
induces ferroptosis in non-small-cell lung cancer via activating
autophagy. Thorac Cancer. 2021;12(8):1219-30. [PubMed ID: 33656766].
[PubMed Central ID: PMC8046146]. https://doi.org/10.1111/1759-
7714.13904.

Kodama Y, Baxter RC, Martin L. Insulin-like growth factor-I inhibits
cell growth in the a549 non-small lung cancer cell line. Am ] Respir
Cell Mol Biol. 2002;27(3):336-44. [PubMed ID: 12204896].
https://doi.org[10.1165/rcmb.2002-00210C.

Shi L, Zhu W, Huang Y, Zhuo L, Wang S, Chen §, et al. Cancer-associated
fibroblast-derived exosomal microRNA-20a suppresses the
PTEN/PI3BK-AKT pathway to promote the progression and
chemoresistance of non-small cell lung cancer. Clin Transl Med.
2022;12(7). e989. [PubMed ID: 35857905]. [PubMed Central ID:
PMC9299573]. https://doi.org/10.1002/ctm2.989.

Golbashirzadeh M, Heidari HR, Talebi M, Yari Khosroushahi A.
Ferroptosis as a Potential Cell Death Mechanism Against Cisplatin-
Resistant Lung Cancer Cell Line. Adv Pharm Bull. 2023;13(1):176-87.
[PubMed ID: 36721820]. [PubMed Central ID: PMC9871276].
https://doi.org[10.34172/apb.2023.019.

Sahin KB, Shah ET, Ferguson GP, Molloy C, Kalita-de Croft P, Hayes SA,
et al. Elevating CDCA3 Levels Enhances Tyrosine Kinase Inhibitor
Sensitivity in TKI-Resistant EGFR Mutant Non-Small-Cell Lung Cancer.
Cancers (Basel). 2021;13(18). [PubMed ID: 34572879]. [PubMed Central
ID: PMC8466783]. https:|/doi.org/10.3390/cancers13184651.

Wang H, Huang H, Wang L, Liu Y, Wang M, Zhao S, et al. Cancer-
associated fibroblasts secreted miR-103a-3p suppresses apoptosis
and promotes cisplatin resistance in non-small cell lung cancer.
Aging (Albany NY). 2021;13(10):14456-68. [PubMed ID: 33999859].
[PubMed Central ID: PMC8202839].
https://doi.org[10.18632/aging.103556.

Wei L, Jiang ]. Targeting the miR-6734-3p/ZEB2 axis hampers
development of non-small cell lung cancer (NSCLC) and increases
susceptibility of cancer cells to cisplatin treatment. Bioengineered.
2021;12(1):2499-510. [PubMed ID: 34107856]. [PubMed Central ID:
PMC8806905]. https://doi.org/10.1080/21655979.2021.1936891.

Yao M, Li F, Xu L, Ma L, Zhang S. 24-Dehydrocholesterol Reductase
alleviates oxidative damage-induced apoptosis in alveolar epithelial
cells via regulating Phosphatidylinositol-3-Kinase/Protein Kinase B
activation. Bioengineered. 2022;13(1):155-63. [PubMed ID: 34949154].
[PubMed Central ID: PMC8805900].
https://doi.org/10.1080/21655979.2021.2011634.

Lu P, Jiang Y, Xia Z. Hsa_circ_0003221 facilitates the malignant
development of bladder cancer cells via resulting in the
upregulation of DHCR24 by targeting miR-892b. Investig Clin Urol.
2022;63(5):577-88. [PubMed ID: 36068004]. [PubMed Central ID:
PMC9448672]. https://doi.org/10.4111/icu.20220153.

Tian KY, Chang HM, Wang |, Qi MH, Wang WL, Qiu Y, et al. Inhibition
of DHCR24 increases the cisplatin-induced damage to cochlear hair
cells in vitro. Neurosci Lett. 2019;706:99-104. [PubMed ID: 31091460].
https:[/doi.org[10.1016/j.neulet.2019.05.019.

Ozkan E, Bakar-Ates F. Ferroptosis: A Trusted Ally in Combating Drug
Resistance in Cancer. Curr Med Chem. 2022;29(1):41-55. [PubMed ID:
34375173]. https://doi.org/10.2174/0929867328666210810115812.

Li J, Yuan ], Li Y, Wang ], Xie Q, Ma R, et al. d-Borneol enhances
cisplatin sensitivity via autophagy dependent EMT signaling and
NCOA4-mediated ferritinophagy. Phytomedicine. 2022;106:154411.
[PubMed ID: 36030746]. https://doi.org[10.1016/j.phymed.2022.154411.

Iran | Pharm Res. 2024;23(1): €150017.


http://www.ncbi.nlm.nih.gov/pubmed/26957612
https://www.ncbi.nlm.nih.gov/pmc/PMC10181272
https://doi.org/10.6004/jnccn.2016.0031
https://doi.org/10.1038/cddis.2017.210
http://www.ncbi.nlm.nih.gov/pubmed/37370246
https://www.ncbi.nlm.nih.gov/pmc/PMC10308868
https://doi.org/10.1080/15384047.2023.2223377
http://www.ncbi.nlm.nih.gov/pubmed/32804006
https://www.ncbi.nlm.nih.gov/pmc/PMC8496712
https://doi.org/10.1080/15548627.2020.1810918
http://www.ncbi.nlm.nih.gov/pubmed/30925886
https://www.ncbi.nlm.nih.gov/pmc/PMC6441206
https://doi.org/10.1186/s13045-019-0720-y
http://www.ncbi.nlm.nih.gov/pubmed/33662669
https://doi.org/10.1016/j.bbrc.2021.02.077
http://www.ncbi.nlm.nih.gov/pubmed/35501301
https://www.ncbi.nlm.nih.gov/pmc/PMC9061822
https://doi.org/10.1038/s41420-022-01039-9
http://www.ncbi.nlm.nih.gov/pubmed/38847653
https://www.ncbi.nlm.nih.gov/pmc/PMC11162140
https://doi.org/10.1177/15330338241259780
http://www.ncbi.nlm.nih.gov/pubmed/36985615
https://www.ncbi.nlm.nih.gov/pmc/PMC10053925
https://doi.org/10.3390/molecules28062643
http://www.ncbi.nlm.nih.gov/pubmed/37143164
https://www.ncbi.nlm.nih.gov/pmc/PMC10157938
https://doi.org/10.1186/s13046-023-02671-8
https://doi.org/10.1186/s13046-023-02671-8
http://www.ncbi.nlm.nih.gov/pubmed/37004157
https://www.ncbi.nlm.nih.gov/pmc/PMC10225231
https://doi.org/10.1002/cam4.5766
http://www.ncbi.nlm.nih.gov/pubmed/32158694
https://www.ncbi.nlm.nih.gov/pmc/PMC7052009
https://doi.org/10.3389/fonc.2020.00215
http://www.ncbi.nlm.nih.gov/pubmed/35287543
https://www.ncbi.nlm.nih.gov/pmc/PMC9161884
https://doi.org/10.1080/21655979.2022.2053810
http://www.ncbi.nlm.nih.gov/pubmed/33656766
https://www.ncbi.nlm.nih.gov/pmc/PMC8046146
https://doi.org/10.1111/1759-7714.13904
https://doi.org/10.1111/1759-7714.13904
http://www.ncbi.nlm.nih.gov/pubmed/12204896
https://doi.org/10.1165/rcmb.2002-0021OC
http://www.ncbi.nlm.nih.gov/pubmed/35857905
https://www.ncbi.nlm.nih.gov/pmc/PMC9299573
https://doi.org/10.1002/ctm2.989
http://www.ncbi.nlm.nih.gov/pubmed/36721820
https://www.ncbi.nlm.nih.gov/pmc/PMC9871276
https://doi.org/10.34172/apb.2023.019
http://www.ncbi.nlm.nih.gov/pubmed/34572879
https://www.ncbi.nlm.nih.gov/pmc/PMC8466783
https://doi.org/10.3390/cancers13184651
http://www.ncbi.nlm.nih.gov/pubmed/33999859
https://www.ncbi.nlm.nih.gov/pmc/PMC8202839
https://doi.org/10.18632/aging.103556
http://www.ncbi.nlm.nih.gov/pubmed/34107856
https://www.ncbi.nlm.nih.gov/pmc/PMC8806905
https://doi.org/10.1080/21655979.2021.1936891
http://www.ncbi.nlm.nih.gov/pubmed/34949154
https://www.ncbi.nlm.nih.gov/pmc/PMC8805900
https://doi.org/10.1080/21655979.2021.2011634
http://www.ncbi.nlm.nih.gov/pubmed/36068004
https://www.ncbi.nlm.nih.gov/pmc/PMC9448672
https://doi.org/10.4111/icu.20220153
http://www.ncbi.nlm.nih.gov/pubmed/31091460
https://doi.org/10.1016/j.neulet.2019.05.019
http://www.ncbi.nlm.nih.gov/pubmed/34375173
https://doi.org/10.2174/0929867328666210810115812
http://www.ncbi.nlm.nih.gov/pubmed/36030746
https://doi.org/10.1016/j.phymed.2022.154411

QinCetal.

27.

28.

29.

Nishimura T, Kohara M, Izumi K, Kasama Y, Hirata Y, Huang Y, et al.
Hepatitis C virus impairs p53 via persistent overexpression of 3beta-
hydroxysterol Delta24-reductase. ] Biol Chem. 2009;284(52):36442-52.
[PubMed ID: 19861417]. [PubMed Central ID: PMC2794760].
https://doi.org/10.1074/jbc.M109.043232.

Li Y, Wang X, Yang B, Wang H, Ma Z, Lu Z, et al. 3-Hydroxysteroid-A24
Reductase (DHCR24) Protects Pancreatic B Cells from Endoplasmic
Reticulum Stress-Induced Apoptosis by Scavenging Excessive
Intracellular ~ Reactive Oxygen Species. | Diabetes Res.
2020;2020:3426902. [PubMed ID: 32724824]. [PubMed Central ID:
PM(C7382746]. https:/[doi.org/10.1155/2020/3426902.

Luo T, Chen SS, Ruan Y, Chen HY, Chen YM, Li YM, et al
Downregulation of DDIT4 ameliorates abnormal behaviors in
autism by inhibiting ferroptosis via the PI3K/Akt pathway. Biochem

Iran ] Pharm Res. 2024; 23(1): e150017.

30.

3L

32.

Biophys Res Commun. 2023;641:168-76. [PubMed ID: 36528956].
https://doi.org/10.1016/j.bbrc.2022.12.032.

Sharma M, Chuang WW, Sun Z. Phosphatidylinositol 3-kinase/Akt
stimulates androgen pathway through GSK3beta inhibition and
nuclear beta-catenin accumulation. J Biol Chem. 2002;277(34):30935-
41. [PubMed ID:12063252]. https://doi.org/10.1074/jbc.M201919200.

Dong W, Guan FF, Zhang X, Gao S, Liu N, Chen W, et al. Dhcr24
activates the PI3K/Akt/HKII pathway and protects against dilated
cardiomyopathy in mice. Animal Model Exp Med. 2018;1(1):40-52.
[PubMed ID: 30891546]. [PubMed Central ID: PMC6354314].
https://doi.org/10.1002/ame2.12007.

Zu HB, Liu XY, Yao K. DHCR24 overexpression modulates microglia
polarization and inflammatory response via Akt/GSK3p signaling in
AB(25)(-)(35) treated BV-2 cells. Life Sci. 2020;260:118470. [PubMed ID:
32950573]. https://doi.org/10.1016/j.1fs.2020.118470.


http://www.ncbi.nlm.nih.gov/pubmed/19861417
https://www.ncbi.nlm.nih.gov/pmc/PMC2794760
https://doi.org/10.1074/jbc.M109.043232
http://www.ncbi.nlm.nih.gov/pubmed/32724824
https://www.ncbi.nlm.nih.gov/pmc/PMC7382746
https://doi.org/10.1155/2020/3426902
http://www.ncbi.nlm.nih.gov/pubmed/36528956
https://doi.org/10.1016/j.bbrc.2022.12.032
http://www.ncbi.nlm.nih.gov/pubmed/36528956
https://doi.org/10.1016/j.bbrc.2022.12.032
http://www.ncbi.nlm.nih.gov/pubmed/12063252
https://doi.org/10.1074/jbc.M201919200
http://www.ncbi.nlm.nih.gov/pubmed/30891546
https://www.ncbi.nlm.nih.gov/pmc/PMC6354314
https://doi.org/10.1002/ame2.12007
http://www.ncbi.nlm.nih.gov/pubmed/32950573
https://doi.org/10.1016/j.lfs.2020.118470

