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ABSTRACT: Cell death is the natural process in which the old or unwanted cell is damaged and replaced by
a newly functional one. Several factors trigger cell death and there are several mechanisms for this event such
Received: as apoptosis, autophagy, and ferroptosis. Ferroptosis as a novel type of programmed cell death is occurred due
June 03. 2023 to cellular iron accumulation and the depletion in one of cellular antioxidant enzymes which is glutathione
o peroxidase 4 (GPX-4). Therefore, ferroptosis is characterized by lipid peroxidation and oxidative stress. Several
Accepted: metabolic pathways such as iron, amino acids, lipids metabolism, etc are considered as regulators for
July 26, 2023 ferroptosis process. Several studies have proved the involvement of ferroptosis in lung diseases
Published: progression/depression that range from acute lung injury (ALI) to lung cancer. Based on large studies data the
August 22,2023  question that takes the scientists’ attention is the use of anti-ferroptosis compounds because they could
attenuate or worsen the disease symptoms?. In this review, the alterations in molecular mechanism regulated
ferroptosis during the lung diseases development or prevention of and the role of its inhibitors or inducers

during the treatment of lung diseases, especially lung cancer, was highlighted.
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Therefore, further research is essential to investigate the @ d
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diseases.
. . Figure 1. The regulatory mechanisms of ferroptosis. The figure shows the major
Regulatory Mechanisms of Ferroptosis regulatory mechanisms of ferroptosis either inducing or inhibitory pathways. CoQ10:

There are several mechanisms that play a central role in coenzyme Q10; DMT1: divalent metal ion transporter-1; Fer-1: ferrostatin-1; Fpn:

: . g : ferroportin; FSP1: ferroptosis suppressor protein 1; Ft: ferritin; GPX4: glutathione
ferroptosis regulation, and they are classified into stimulatory peroxidase 4; GSH: glutathione; GSSG: oxidized glutathione; LIP: labile iron pool;

and inhibitory mechanisms that are summarized in Figure (1). LOXs: lipoxygenases; NADPH: nicotinamide adenine dinucleotide phosphate; Nrf2:
nuclear factor erythroid-derived 2; ROS: reactive oxygen species; TfR: transferrin
receptor.
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1.1. lron Metabolism

There are several proteins; transferrin (Tf), transferrin receptor
(TfR), ferritin (Ft), ferroportinl (Fpnl) and divalent metal ion
transporter-1 (DMT1), interact to each other to form the iron
regulatory protein (IRP) system which is responsible for the
maintenance of iron homeostasis. On the cell membrane and
through endosomes formation, the binding Fe®*- Tf complex to
TfR enters the cells and then transferrin reduces Fe** to Fe?.
DMTL in endosomes disintegrated and released Fe?* into the
cytoplasm to form a labile iron pool (LIP). The formed LIP
inhibits TfR via negative feedback inhibition. The cytoplasmic
Fe?* is then either stored as ferritin or released outside the cell
via Fpn. In the case of excessive iron in LIP and the presence of
H,O,, the Fenton reaction takes place producing hydroxyl
radicals and ROS. Not only ROS-mediated oxidative stress can
damage the cell, but also ROS can interact with membrane lipids
producing peroxyl radicals, which then form more and more
lipid peroxides (LPOs) promoting ferroptosis [3]. Ferroptosis
can be considerably slowed down by antioxidants and
ferrostatin-1 (Fer-1), showing that iron is crucial to the
development and progression of ferroptosis [4].

1.2. Lipid Metabolism

LPOs are the key factor in inducing ferroptosis. Omega 3 and
Omega 6 are two types of polyunsaturated fatty acids (PUFAS),
which are mostly ingested through food, that are vital for human
health. Acyl-CoA Synthetase Long-Chain Family Member 4
(ACSL4), in particular, is responsible for the esterification of
PUFAs to acyl CoA. Phosphatidylethanolamine (PE)-containing
arachidonic acid (AA)-CoA is created by ACSL4, which is then
inserted in  membrane  phospholipids ~ (PLs) by
lysophosphatidylcholine  acyltransferase = 3 (LPCATS3).
Lipoxygenase (LOX) oxidizes PUFA-PE resulting in lipid
peroxidation. Hence excessive intake of Omega 6 and Omega 3
PUFAs leads to the accumulation of LPOs which are the main
inducer of ferroptosis [5].

1.3. Nuclear transcription factor-2 (Nrf2)

Even at low expression level, Nrf2 is the principal regulator for
cellular antioxidants status. To maintain its low expression
under normal circumstances, Nrf2 is in a complex with Kelch-
like ECH-associated protein 1 (Keap-1) that prevents its
ubiquitylation and proteasomal degradation [5]. Once oxidative
stress occurs, Nrf2 is upregulated and moves to the nucleus after
dissociation from Keap-1. Inside the nucleus, Nrf2, as a
transcription factor, upregulates antioxidant response elements-
related genes: NADPH quinone oxidoreductase-1, and heme
oxygenase 1 (HO-1) [3]. A cell with high levels of Nrf2
expression can resist ferroptosis and become more resistant to
anti-ferroptosis chemotherapeutics [6].

1.4. Amino acid antiporter (System Xc-)

On the cell membrane, System Xc- which is a cystine/glutamate
reverse transporter composes of two subunits: Solute carrier
family 3 member 2 (SLC3A2) and solute carrier family 7
(cationic amino acid transporter, y+ system), member 11
(SLC7A11), that are joined by a disulfide bond [7]. At a 1:1
ratio, the System Xc receives extracellular cystine while
concurrently exporting intracellular glutamate. Cysteine, the
primary precursor in the production of glutathione (GSH), is
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converted from cystine inside the cell. Glutathione peroxidase 4
(GPX4) uses GSH as a substrate to degrade LPOs [3]. By
reducing lipoxygenases (LOXSs), preventing excessive activation
and removing LPO created by iron accumulation through the
Fenton reaction, GPX4 can considerably prevent LPO induced
cell membrane damage [8]. Erastin induces ferroptosis via
inhibition of SLC7A11 and cystine uptake to downregulate GSH
synthesis. Downregulation of GSH inhibits GPX4 leading to
accumulation of LPOs and damaging the cell membrane [3].

1.5. Ferroptosis suppressor protein 1 (FSP1)

FSP1 is an anti-ferroptosis protein located in the cell membrane.
An oxidoreductase, FSP1 maintains the reduced form of
coenzyme Q (CoQ) at the plasma membrane by reducing
NADPH-dependent CoQ. By scavenging lipid peroxyl radicals
and preventing their transport through the membrane, CoQ
exerts an antioxidant effect [9]. FSP1 can drastically lower LPO
synthesis in GPX4 mutant cells, proving that it is not GSH-
dependent. The vulnerability of cancer cells to ferroptosis may
rise when FSP-1 is inhibited. [10].

2. Ferroptosis and lung diseases

2.1. Ferroptosis and Acute lung injury (ALI) or acute
respiratory distress syndrome (ARDS)

The pathophysiology of the frequent disease ALI/ARDS, which
has a high mortality rate, is thought to involve oxidative stress,
apoptosis, inflammation, and hypoxia [11]. High Fe?*, reactive
oxygen species (ROS), malonaldehyde (MDA), and low GSH
were among the indicators of ferroptosis found in ALI animal
models. Additionally, ferroptosis inhibitors may be able to
lessen lung injury. These findings demonstrate that ferroptosis
and ARDS are closely related [1]. Moreover, SLC7Al1l and
GPX4 were shown to be considerably downregulated with
elevation of MDA and total iron levels in LPS-induced ALI.
LPS treatment appears to promote ferroptosis because Fer-1
injection prevented LPS-induced ALI and raised the levels of
SLC7A11 and GPX4 proteins in lung cells [12]. Furthermore,
oleic acid-induced ALI model had low levels of total GSH,
reduced GSH, GPX4 protein, and iron concentrations that are
associated with low ferritin levels without affecting TfR1 which
are resulting in lung tissue ferroptosis [13].

Several compounds that act as anti-ferroptosis can be used to
prevent LPS-induced ALI. Where it is found that sevoflurane
inhibits ferroptosis that took place in LPS-induced ALI in mice
by decreasing MDA and Fe?* and increasing GSH and GPX4
levels in the lung tissues [14]. Moreover, the treatment with
panaxydol stimulates Keapl-Nrf2/ HO-1 pathway, which can
also decrease ferroptosis in ALI caused by LPS [15].

The inhibitor of the apoptosis-stimulating protein of p53
(IASPP) that is used in intestinal ischemia reperfusion-induced-
ALI mice through inhibiting lung tissue ferroptosis pathway.
Where it is found that iASPP increased Nrf2, and GPX4 which
consequently increased the expression of ferritin heavy chain
(FTH1), NAD(P)H quinone dehydrogenase 1 (NQO-1), and
HO-1 that was associated with the decrease of the expression of
TF, Hypoxia-Inducible Factor (HIF)-1 and the other ferroptosis-
related proteins [16].
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2.2. Ferroptosis and Chronic Obstructive Pulmonary
Disease (COPD)

Without a treatment, COPD has risen to become the fourth
leading cause of illness and mortality worldwide [17]. COPD,
often known as bronchitis or emphysema with obstruction of
airflow, is a common chronic disorder characterized by
pulmonary heart disease and respiratory failure. It is associated
with abnormal inflammation that is brought on by the buildup of
noxious gases and particles [2]. The toxic substances in
cigarettes directly affect bronchoalveolar epithelial cells (BECs),
which is a key risk factor for COPD [18]. Smoke from cigarettes
(CS) can affect oxidative stress, inflammation, and iron
homeostasis. After being exposed to CS, mouse and human
bronchial epithelial cells produced higher levels of iron, Ft,
serum Ft, and non-heme iron in lung cells. [3]. According to
recent studies, a process known as ferritinophagy produces
labile iron by degrading ferritin through autophagy. It has been
demonstrated that CS stimulates the buildup of labile iron
through ferritinophagy that is mediated by nuclear receptor
coactivator4d (NCOAA4), which causes phospholipid peroxidation
and ferroptosis in human lung epithelial cells [17]. Additionally,
human BEC (HBEC) peroxidation and ferroptosis are caused by
low GPX4 activity levels and inadequate GSH, which are key
factors in the pathophysiology of COPD [3]. By chelating
intracellular iron and decreasing labile iron, deferroxamine
(DFO) is reported to suppress ferroptosis in BECs. Additionally,
Fer-1 decreased CS-induced cell death and lipid peroxidation,
while liproxstatin-1 inhibited CSE-induced cell death. [17].

2.3. Ferroptosis and Asthma

Human airway epithelial cells (HAECs) and airway smooth
muscle (ASM) cells are both dysfunctional in asthma, which is a
common respiratory illness characterized by persistent
inflammation and increased airway contractility and
responsiveness. Recent research has shown that ferroptosis is the
root cause of inflammation in the airways of asthmatic patients
[19]. By increasing ROS levels and lipid peroxidation, house
dust mites (HDM)-induced asthma has shown that ferroptosis
may play a role [20]. Iron accumulates as a result of
ferritinophagy, a process in which ferritin is broken down by
autophagy. These actions define ferroptosis. according to Zeng
et al., [21], airway epithelial cells have been found to exhibit
ferritinophagy in asthma caused by HDM. In order to cure
asthma, it may be possible to further investigate ferritinophagy
regulatory targets.

Airway inflammation and asthma patients' hyperoxidative
conditions also contributed to ferroptosis. When 15-LOX1 and
Phosphatidylethanolamine binding protein 1 (PEBP1) work
together to activate extracellular regulatory protein kinases,
airway epithelial cells (AECs) undergo ferroptosis and
autophagy [3]. Arachidonate 5-lipoxygenase (ALOX5) and
arachidonate 15-lipoxygenase (ALOX15) expression is activated
by IL-13 upregulation in HAECs, which promotes ferroptosis
[19]. By altering the release of pro- and anti-inflammatory lipid
mediators, IL-4 and IL-13 decrease the expression of GPX4 and
increase the expression of ALOX15, which may help to boost
the immune system's ferroptosis-sensitive condition. IL-6
promotes ferroptosis by disrupting iron homeostasis and
inducing lipid peroxidation in HAECs. Inflammatory substances
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are released by activated macrophages in ferroptotic tissues.
Eosinophils (Eos) are effector cells that also have
immunomodulatory properties during asthma. Through an
unusual mechanism, ferroptosis-inducing substances cause Eos
ferroptosis and work in concert with glucocorticoids to cause
Eos death. Glucocorticoid dosage and side effects may be
decreased with treatment for Eos ferroptosis, which appears to
be useful in reducing allergic airway inflammation like asthma

(3].
2.4. Ferroptosis and Pulmonary Fibrosis (PF)

Excessive fibroblast proliferation and extracellular matrix
(ECM) protein buildup are two features of the chronic,
progressive illness known as pulmonary fibrosis. Bleomycin and
LPS cause lung epithelial cells to undergo direct ferroptosis in
the initial stages of inflammation. The phospholipid-
lysophospholipid ~ transacylase  (tafazzin)-transcriptionally
enhanced associate domain (TAZ-TEAD) signaling pathway is
activated in the late fibrotic phase by transforming growth factor
beta (TGF-p), increasing intracellular LIP and promoting the
transition from fibroblast to myofibroblast. The development of
scar tissue was linked to the conversion of fibroblasts into
myofibroblasts, fibroproliferation, and an excessive buildup of
ECM proteins in the lung parenchyma, which resulted in a
pathological change of lung development and the degeneration
of lung tissue. The iron chelator deferoxamine (DFO) and the
ferroptosis inhibitor liproxstatin-1 (Lip-1) both reduced
pulmonary fibrosis symptoms [22].

The expression of TGF- B, a-smooth muscle actin (a-SMA), and
fibroblast activation protein-a. (FAP), two fibroblast markers,
was increased in bleomycin-induced lung fibrosis. Ferrous iron
(Fe?*) accumulated in lung cells as well as 4-Hydroxynonenal
(4-HNE), a biomarker for lipid peroxidation. These results imply
that lipid peroxidation, iron overload, and fibroblast to
myofibroblast transition are the mechanisms by which
ferroptosis is triggered in bleomycin or LPS-induced PF [22].

2.5. Ferroptosis and Lung Cancer

More than 1 million subject dies from lung cancer, which ranks
second among all cancers, in the year 2020. In accordance with
the cell of origin, the WHO divided lung cancer into two
primary groups. The first is small-cell lung cancer (SCLC),
which is further divided into small-cell carcinoma and mixed
small-cell carcinoma. In the United States, SCLC will account
for 15% of all cases in 2020. In comparison to other types of
lung cancer, non-small cell lung cancer (NSCLC) has a high
death rate. Large cell carcinoma, lung squamous cell carcinoma
(LUSC), and lung adenocarcinoma are the subsequent subtypes
of NSCLC. [23]. In contrast to all lung diseases, ferroptosis is
inhibited in lung cancer to promote cell proliferation and tumor
growth. Ferroptosis inhibition is achieved by several
mechanisms as shown in (Table 1). During cancer treatment,
ferroptosis is induced to achieve cancer cell death. Different
mechanisms are involved in inducing ferroptosis which is
summarized in (Table 1). During small cell carcinoma, ferrous
ions are decreased that associated with overexpression of
SLC7A11 and GSH that confirmed the inhibition of ferroptosis
in this case the ferroptosis inducer such as sulforaphane is used
as potent inhibitor for SLC7A11 [24]. For Lung adenocarcinoma
that are characterized by activation of PRIM2/SLC7A11 axis,
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LSH/GINS4 axis, or overexpression of NFS1, LSH or NAMPT
[25], Dihydroartemesinin (DHA) or high-dose NMN could be
used in order to control the expression or PRIM2 and modulate
SIRT1/AMPK/ACC pathway [25,26]. Overexpression of GPX4,
Nrf2 and HO-1 associated with loss of InNCRNA are the common
mechanisms linked with Lung squamous cell carcinoma
(LUSC), therefore, drugs such as seramisine, lapatinib,
Acetaminophine, RSL3 and Timosaponin-Alll could be used to
induced ferroptosis and kill cancer cells [27,28,29,30]. During
large cell carcinoma treatment ferroptosis inducer such as
Erastin and Sinapine can be used to induced ferroptosis via
upregulation of P53 or Tf and TfR [31,32].

2.6. Ferroptosis and Covid 19

The SARS-CoV-2 infection that gave rise to Covid-19, a
pandemic illness, began toward the end of 2019. The lung and
the throat are the major sites of infection for SARS-CoV-2 in
human cells at various places [36]. Invasion of host cells and
viral attachment to angiotensin-converting enzyme 2 (ACE2)
can infect them directly, causing an increase in inflammatory
reactions that can result in cell death and pulmonary problems.
As a result of SARS-CoV2 bhinding to ACE2, increased
pulmonary vascular permeability causes pulmonary edema and
impaired lung function [25]. As a result, ARDS,
hypercoagulation, and cytokine storm are pathological
alterations in Covid-19 patients. [8].

Low amounts of serum transferrin and iron are present in Covid-
19 patients [32]. Recent research suggests that SARS-CoV-2
generates iron excess via boosting the overexpression of
hepcidin [23], since iron sufficiency hinders the virus' ability to
finish its reproduction process while iron insufficiency
facilitates it [19]. Lipid peroxidation and oxidative stress are
brought on by the disruption of iron homeostasis in Covid-19
patients. As a result, the GSH/GPX4 antioxidant pathway is
disturbed, which impairs the clearance of the resulting LPOs [3].

As a result, ferroptosis plays a role in the etiology of Covid-19,
and iron chelators or anti-ferroptotic medications might
potentially treat Covid-19 and other lung illnesses in patients.

3. Conclusion

Ferroptosis is a new type of programmed cell death with
morphology, and biology that differ from other types.
Ferroptosis is characterized by iron accumulation, excessive
lipid peroxides, and ROS. Numerous studies have shown the
implication of ferroptosis in the pathophysiology of lung
diseases including ALI, COPD, PF, asthma, lung cancer, and
Covid-19. In experimental models of ALI, Covid-19, COPD,
PF, and asthma, MDA is elevated while antioxidant enzymes are
downregulated, suggesting the stimulatory effect of ferroptosis
on these diseases. Whereas ferroptosis inhibitors attenuate the
oxidative stress and inhibit this process. Lung cancer is
characterized by its resistance to ferroptosis. In contrast to other
types of lung diseases, ferroptosis inducers inhibit the
progression of lung cancer and have an ameliorating effect on
cancer cells. To better understand the role of ferroptosis and to
be used as a therapeutic target, animal model experiments
should be done to understand the regulatory mechanisms
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involved in ferroptosis induction or inhibition during each
disease and to deduce the main target for different treatments
(synthesized compounds or natural products) in order to manage
or treat lung diseases either by inducing or inhibiting ferroptosis.
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ABBREVIATIONS

4-HNE: 4-Hydroxynonenal; ACC: Acetyl-CoA carboxylase;
ACE-2: angiotensin converting enzyme2; ACSL4: Long Chain

Family Member 4; ALIl: acute lung injury; ALOXS:
arachidonate  5-lipoxygenase; AMPK: 5  adenosine
monophosphate-activated  protein  kinase; ARDS: Acute

respiratory distress syndrome; ASM: Airway smooth muscle
cells; BECs: bronchoalveolar epithelial cells; COPD: chronic
obstructive pulmonary disease; CS: Cigarettes smoke; DFO:
Deferoxamine; DMT1: divalent metal ion transporter-1; ECM:
extracellular matrix; EGLN1: Egl-9 Family Hypoxia Inducible
Factor 1; Eos: eosinophils; Fer-1: Ferrostatin-1; Fpnl:
ferroportinl; FSP1: Ferroptosis suppressor protein 1; FSP1 KO:
Ferroptosis suppressor proteinl knockout; Ft : ferritin; FTH1:
ferritin heavy chain; GINS4: GINS complex subunit4; GPX-4:
glutathione peroxidase 4; GSH: glutathione; HAEC:
human airway epithelial cells; HDM: house dust mites; HIF-1:
Hypoxia-Inducible Factor-1; HO-1: heme oxygenase 1; HSP90:
Heat shock protein 90; iASPP: inhibitor of the apoptosis-
stimulating protein of p53; IL: interleukin; IRP: iron regulatory
protein; Keap-1: Kelch-like ECH-associated protein 1; LIP:
labile iron pool; Lip-1: liproxstatin-1; LOX: lipoxygenase;
LPCAT3: lysophosphatidylcholine acyltransferase 3; LPOs:
Lipid peroxides; LPS: lipopolysaccharides; LSH: lymphoid-
specific helicase; LUSC: lung squamous cell carcinoma; MDA
malonaldehyde; NAM: nicotinamide; NCOA4: Nuclear receptor
coactivator4; NMN: Nicotinamide mononucleotide; NOK: novel
oncogene with kinase-domain gene; NQO-1: NAD(P)H quinone

dehydrogenase 1; Nrf-2: ~ Nuclear  transcription  factor-2;
NSCLC: Non-small-cell lung cancer; PEBP1:
Phosphatidylethanolamine binding protein 1; PF: Pulmonary
fibrosis; PRIM2: DNA Primase Subunit 2; PUFAs:

Polyunsaturated fatty acids; ROS: Reactive oxygen species;
SCLC: small-cell lung cancer; SIRT1: Sirtuin-1; SLC3A2:
Solute carrier family 3 member 2; SLC7All: solute carrier
family 7 (cationic amino acid transporter, y+ system), member
11; STYKZ1: Serine/threonine/tyrosine kinasel gene; Tf :
transferrin; TfR: transferrin receptor; TFRC: transferrin receptor
protein-1; TGF-B: Transforming Growth Factor beta.
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Table 1. The mechanisms of ferroptosis resistance in types of lung cancer and possible treatments.

Small cell carcinoma

Combined small cell
carcinoma

Lung
adenocarcinoma

Lung squamous cell
carcinoma (LUSC)

Large cell carcinoma

Low intracellular Fe2+
level

Overexpression of
SLC7A11 and GSH
PRIM2/SLC7A11 axis

EGLN1/c-Myc inhibits
HIF1a and increases
LSH

LSH-GINS4 axis
NFS1 overexpression

Overexpression of
NAMPT that decrease
intracellular NAM
content

Loss of long
noncoding RNA
(INcRNA)

Nrf2/HO-1 pathway
decreases ROS and
LPOs

Overexpression of
STYK1/NOK that
upregulate GPX4
Overexpression of
GPX4

FSP1 mediates
ferroptosis resistance
in cells that lack GPX4
P53 knockdown

Low intracellular
ferrous iron, ROS, and
LPOs
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Sulforaphane (SFN)

Dihydroartemesinin
(DHA)

Suppression of NFS1
High-dose NMN

IncRNA P53RRA

Lysosomal instability
drug (seramesine) and
dual tyrosine kinase
inhibitor (lapatinib)
Acetaminophen

GPX4 knockdown

RSL3

Timosaponin-Alll
(Tim-AlIl)

GPX4-KO FSP1-KO

P53 expression

Erastin

Sinapine(SI)

41

Inhibit SLC7A11
expression and increase
iron levels

Decrease PRIM2
expression

Inhibit cysteine transport
and promote ferroptosis
NAM overload that
mediates
SIRT1/AMPK/ACC
pathway

Increase sensitivity of
lung cancer cells to
erastin-induced
ferroptosis

Trigger ferroptosis via
reducing HO-1

Sensitize NSCLC to
erastin
Induce ferroptosis

-Suppress GPX4

-Induce Nrf2/HO-1
pathway

-Disrupt autolysosome
formation by lysosomal
membrane destabilization
Promote expression of
and bind to HSP90 that
induces GPX4
ubiquitination and
degradation

Increase growth inhibition
(ferroptosis)

Inhibit SLC7A11
expression

Induce ferroptosis
dependent on p53
pathway

Increase Fe2+ and LPOs
via upregulating Tf and
TR

[24]

[26]

(33]

[34,35]
[25]

(36]

[27]

(28]
[37]

[29]

(30]

[10]

(38]
[31]

(32]

Online ISSN: 2974-3273



Ferroptosis and pulmonary disorders

References [12] Liu, P., Feng, Y., Li, H., Chen, X., Wang, G., Xu, S.,

[1] Qu, M., Zhang, H., Chen, Z., Sun, X., Zhu, S., Nan, K,
Chen, W., & Miao, C. The role of ferroptosis in acute
respiratory distress syndrome. Frontiers in Medicine.
2021,8, 651552-651559.

[2] Ma, T. L., Wang, C., Wang, L., Chen, J. X., Yang, H.
H., Zhang, C. Y., Zhou, Y., & Guan, C. X. Targeting
ferroptosis for lung diseases: Exploring novel
strategies in  ferroptosis-associated mechanisms.
Oxidative Medicine and Cellular Longevity, 2021,
2021, 1-21.

[3] Yu, S, Jia, J., Zheng, J., Zhou, Y., Jia, D., & Wang, J.
Recent Progress of Ferroptosis in Lung Diseases.
Frontiers in Cell and Developmental Biology. 2021, 9,
789517-789526.

[4] Dixon, S. J., Lemberg, K. M., Lamprecht, M. R,
Skouta, R., Zaitsev, E. M., Gleason, C. E., Patel., D.N.,
Bauer, A.J., Cantley, A.M., Yang, W. S., Morrison IlI,
B., & Stockwell, B. R. Ferroptosis: an iron-dependent
form of nonapoptotic cell death. Cell. 2012, 149(5),
1060-1072.

[5] Yang, L., Cao, L. M., Zhang, X. J., & Chu, B.
Targeting ferroptosis as a vulnerability in pulmonary
diseases. Cell Death & Disease. 2022, 13(7), 1-14.

[6] Roh, J. L., Kim, E. H., Jang, H., & Shin, D. Nrf2
inhibition reverses the resistance of cisplatin resistant
head and neck cancer cells to artesunate-induced
ferroptosis. Redox Biology. 2017, 11, 254-262.

[7] Dixon, S. J., Patel, D. N., Welsch, M., Skouta, R., Lee,
E. D., Hayano, M., Thomas A.G., Gleason, C. E.,
Tatonetti, N. P., Slusher, B.S., & Stockwell, B. R.
Pharmacological inhibition of cystine—glutamate
exchange induces endoplasmic reticulum stress and
ferroptosis. eLife, 2014, 3, e02523.

[8] Stoyanovsky, D. A., Tyurina, Y. Y., Shrivastava, I.,
Bahar, 1., Tyurin, V. A., Protchenko, O., Jadhay, S.,
Bolevich, S.B., Kozlov, A.V., Vladimiroy, Y.A,
Shvedova, A.A., Philpott, C.C., Bayir, H., & Kagan, V.
E. Iron catalysis of lipid peroxidation in ferroptosis:
regulated enzymatic or random free radical reaction?.
Free Radical Biology and Medicine. 2019, 133, 153-
161.

[9] Doll, S., Freitas, F. P., Shah, R., Aldrovandi, M., da
Silva, M. C., Ingold, 1., Grocin, A., da Sila, T.
Panzilius, E., Scheel, C., Mourao, A., et al. FSP1 is a
glutathione-independent ferroptosis suppressor. Nature.
2019, 575(7784), 693-698.

[10] Bersuker, K., Hendricks, J. M., Li, Z., Magtanong, L.,
Ford, B., Tang, P. H., Roberts, M., Tong, B., Maimone,
T., Zoncu, R., Bassik, M., Nomura, D., Dixon, S., &
Olzmann, J. A. The CoQ oxidoreductase FSP1 acts
parallel to GPX4 to inhibit ferroptosis. Nature, 2019,
575(7784), 688-692.

[11] Liu, X., Zhang, J., & Xie, W. The role of ferroptosis in
acute lung injury. Molecular and Cellular
Biochemistry, 2022, 477(5), 1453-1461.

Alexandria Journal of Science and Technology, 2023, 1(1), 37-43

i)

Li, Y., & Zhao, L. Ferrostatin-1 alleviates
lipopolysaccharide-induced acute lung injury via
inhibiting ferroptosis. Cellular & molecular biology
letters, 2020, 25(1), 1-14.

[13] Zhou, H., Li, F., Niu, J. Y., Zhong, W. Y., Tang, M.
Y., Lin, D., Cui, H., Huang, X., Chen, Y., Wang, H., &
Tu, Y. S. Ferroptosis was involved in the oleic acid-
induced acute lung injury in mice. Acta Physiologica
Sinica, 2019, 71(5), 689-697.

[14] Liu, X., Wang, L., Xing, Q., Li, K., Si, J., Ma, X,, &
Mao, L. Sevoflurane inhibits ferroptosis: A new
mechanism to explain its protective role against
lipopolysaccharide-induced acute lung injury. Life
Sciences, 2021, 275, 119391.

[15] Li, J., Lu, K., Sun, F., Tan, S., Zhang, X., Sheng, W.,
Hao, W., Liu, M., Lv, W., & Han, W. Panaxydol
attenuates ferroptosis against LPS-induced acute lung
injury in mice by Keapl-Nrf2/HO-1 pathway. Journal
of Translational Medicine, 2021, 19(1), 1-14.

[16] Li, Y., Cao, Y., Xiao, J., Shang, J., Tan, Q., Ping, F.,
Huang, W., Wu, F., Zhang, H., & Zhang, X. Inhibitor
of apoptosis-stimulating protein of p53 inhibits
ferroptosis and alleviates intestinal
ischemia/reperfusion-induced acute lung injury. Cell
Death & Differentiation, 2020, 27(9), 2635-2650.

[17] Yoshida, M., Minagawa, S., Araya, J., Sakamoto, T.,
Hara, H., Tsubouchi, K., Hosaka, Y., Ichikawa, A.,
Saito, N., Kadota, T., Sato, N., & et al. Involvement of
cigarette smoke-induced epithelial cell ferroptosis in
COPD pathogenesis. Nature Communications, 2019,
10(1), 1-14.

[18] Lian, N., Zhang, Q., Chen, J., Chen, M., Huang, J., &
Lin, Q. The role of ferroptosis in bronchoalveolar
epithelial cell injury induced by cigarette smoke
extract. Frontiers in Physiology, 2021, 1681.

[19] Lv, X., Dong, M., Tang, W., Qin, J., Wang, W., Li, M.,
Teng, F., Yi, L., Dong, J., & Wei, Y. Ferroptosis, novel
therapeutics in asthma. Biomedicine &
Pharmacotherapy, 2022, 153, 113516.

[20] Tang, W., Dong, M., Teng, F., Cui, J., Zhu, X., Wang,
W., Wunigiemu, T., Qin, J., Yi, L., Wang, S., Dong, J.,
& Wei, Y. Environmental allergens house dust mite
induced asthma is associated with ferroptosis in the
lungs. Experimental and Therapeutic Medicine, 2021,
22(6), 1-10.

[21] Zeng, Z., Huang, H., Zhang, J., Liu, Y., Zhong, W.,
Chen, W., Lu, Y., Qiao, Y., Zhao, H., Meng, X., Zou,
F., Cai, S., & Dong, H. HDM induce airway epithelial
cell ferroptosis and promote inflammation by
activating ferritinophagy in asthma. The FASEB
Journal, 2022, 36(6), €22359.

[22] Pei, Z., Qin, Y., Fu, X., Yang, F., Huo, F., Liang, X,
Wang, S., Cui, H., Lin, P.,, & et al. Inhibition of
ferroptosis and iron accumulation alleviates pulmonary

Online ISSN: 2974-3273



fibrosis in a bleomycin model. Redox Biology, 2022,
57, 102509.

[23] Thandra, K. C., Barsouk, A., Saginala, K., Aluru, J. S.,
& Barsouk, A. Epidemiology of lung cancer.
Contemporary  Oncology/Wspoélczesna  Onkologia,
2021, 25(1), 45-52.

[24] lida, Y., Okamoto-Katsuyama, M., Maruoka, S.,
Mizumura, K., Shimizu, T., Shikano, S., Hikichi, M.,
Tsuya, K., Okamoto, S & et al. Effective ferroptotic
small-cell lung cancer cell death from SLC7All
inhibition by sulforaphane. Oncology Letters, 2021,
21(1), 1-1.

[25] Zhang, M., Cui, J., Chen, H., Wang, Y., Kuai, X., Sun,
S., Tang, Q., Zong, F., Chen, Q. Wu, J., & Wu, S.
High-Dosage NMN Promotes Ferroptosis to Suppress
Lung Adenocarcinoma Growth through the NAM-
Mediated SIRT1-AMPK-ACC Pathway. Cancers,
2023, 15(9), 2427.

[26] Yuan, B., Liao, F., Shi, Z. Z., Ren, Y., Deng, X. L.,
Yang, T. T, Li, D, Li, R, Pu, D., Wang, Y., Tan, Y.,
Yang, Z., & Zhang, Y. H. Dihydroartemisinin inhibits
the proliferation, colony formation and induces
ferroptosis of lung cancer cells by inhibiting
PRIM2/SLC7A11l axis. OncoTargets and Therapy,
2020, 13, 10829.

[27] Villalpando-Rodriguez, G. E., Blankstein, A. R.,
Konzelman, C., & Gibson, S. B. Lysosomal
destabilizing drug siramesine and the dual tyrosine
kinase inhibitor lapatinib induce a synergistic
ferroptosis through reduced heme oxygenase-1 (HO-1)
levels. Oxidative Medicine and Cellular Longevity,
2019, 2019.

[28] Gai, C., Yu, M., Li, Z., Wang, Y., Ding, D., Zheng, J.,
Lv, S S, Zhang, W., & Li, W. Acetaminophen
sensitizing erastin-induced ferroptosis via modulation
of Nrf2/heme oxygenase-1 signaling pathway in non-

small-cell lung cancer. Journal of Cellular Physiology,
2020, 235(4), 3329-3339.

[29] Kim, J. W., Min, D. W., Kim, D., Kim, J., Kim, M. J.,
Lim, H., & Lee, J. Y. GPX4 overexpressed non-small
cell lung cancer cells are sensitive to RSL3-induced
ferroptosis. Scientific Reports, 2023, 13(1), 8872.

[30] Zhou, C., Yu, T., Zhu, R., Lu, J., Ouyang, X., Zhang,
Z., Chen, Q., Li, J., Cui, J., Jiang, F., Jin, K., & et al.
Timosaponin Alll promotes non-small-cell lung cancer
ferroptosis through targeting and facilitating HSP90-
mediated GPX4 ubiquitination and degradation.
International Journal of Biological Sciences, 2023,
19(5), 1471.

[31] Huang, C., Yang, M., Deng, J., Li, P., Su, W., & Jiang,
R. Upregulation and activation of p53 by erastin
induced reactive oxygen species contribute to cytotoxic
and cytostatic effects in A549 lung cancer cells.
Oncology Reports, 2018, 40(4), 2363-2370.

[32] Shao, M., Jiang, Q., Shen, C., Liu, Z.,, & Qiu, L.
Sinapine induced ferroptosis in non-small cell lung

Alexandria Journal of Science and Technology, 2023, 1(1), 37-43

Ferroptosis and pulmonary disorders

43

cancer cells by upregulating transferrin/transferrin
receptor and downregulating SLC7A11. Gene, 2022,
827, 146460.

[33] Jiang, Y., Mao, C., Yang, R., Yan, B., Shi, Y., Liu, X,,
Lai, W., Liu, Y., Wang, X., Xiao, D., Zhou, H & et al.
EGLN1/c-Myc induced lymphoid-specific helicase
inhibits ferroptosis through lipid metabolic gene
expression changes. Theranostics, 2017, 7(13), 3293.

[34] Alvarez, S. W., Sviderskiy, V. O., Terzi, E. M,
Papagiannakopoulos, T., Moreira, A. L., Adams, S.,
Sabatini, D., Birsoy, K., & Possemato, R. NFS1
undergoes positive selection in lung tumours and
protects cells from ferroptosis. Nature, 2017,
551(7682), 639-643.

[35] Xiong, R., He, R., Liu, B., Jiang, W., Wang, B., Li, N.,
& Geng, Q. Ferroptosis: a new promising target for
lung cancer therapy. Oxidative Medicine and Cellular
Longevity, 2021, 2021.

[36] Mao, C., Wang, X., Liu, Y., Wang, M., Yan, B., Jiang,
Y., Shi, Y., Shen, Y., Liu, X, Yang, R., & et al.
G3BP1-interacting IncRNA promotes ferroptosis and
apoptosis in cancer via nuclear sequestration of p53.
Cancer Research, 2018, 78(13), 3484-3496.

[37] Lai, Y., Zhang, Z., Li, J., Li, W., Huang, Z., Zhang, C.,
Li, X., & Zhao, J. STYK1/NOK correlates with
ferroptosis in  non-small cell lung carcinoma.
Biochemical and Biophysical Research
Communications, 2019, 519(4), 659-666.

[38] Jiang, L., Kon, N., Li, T., Wang, S. J.,, Su, T,
Hibshoosh, H., Baer, R., & Gu, W. Ferroptosis as a
p53-mediated activity during tumor suppression.
Nature, 2015, 520(7545), 57-62.

[39] Mokhtari, T., Hassani, F., Ghaffari, N., Ebrahimi, B.,
Yarahmadi, A., & Hassanzadeh, G. COVID-19 and
multiorgan failure: A narrative review on potential
mechanisms. Journal of Molecular Histology, 2020,
51(6), 613-628.

[40] Habib, H. M., Ibrahim, S., Zaim, A., & Ibrahim, W. H.
The role of iron in the pathogenesis of COVID-19 and
possible treatment with lactoferrin and other iron
chelators. Biomedicine & Pharmacotherapy, 2021, 136,
111228.

[41] Tavakol, S., & Seifalian, A. M. Vitamin E at a high
dose as an anti-ferroptosis drug and not just a
supplement for COVID-19 treatment. Biotechnology
and Applied Biochemistry. 2021, 69(3), 1058-1060

[42] Liu, W., Zhang, S., Nekhai, S., & Liu, S. Depriving
iron supply to the virus represents a promising

adjuvant therapeutic against viral survival. Current
Clinical Microbiology Reports, 2020. 7(2), 13-19.

[43] Cepelak, 1., & Dodig, S. Ferroptosis-a link between
iron biology, aging and COVID-19?. Rad Hrvatske
akademije znanosti i umjetnosti. Medicinske Znanosti,
2022, 552(58-59), 58-69.

Online ISSN: 2974-3273



