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Abstract
Myocardial ischemia-reperfusion injury (IRI) is a common complication in cardiac surgery. A series of
cascade reactions occurs during IRI, including apoptosis, necrosis, autophagy and focal death.
Ferroptosis, a new way of programmed death, has been found play key role in IRI. Alleviating ferroptosis
may be a potential direction of IRI treatment. In this study, we found mir-326-5p was differently expressed
in four myocardial injury-related GEO database. Importantly, it could affect cell activity and regulate
ferroptosis in oxygen-glucose deprivation/reperfusion (OGD/R) H9C2 cells via acting on its target gene
LCN2. Interestingly, besides ferroptosis, we also found that mir-326-5p/LCN2 axis had a synergistic effect
on in�ammatory response and autophagy in OGD/R H9C2. Notably, we identi�ed dexmedetomidine
(DEX) as a natural agonist of mir-326-5p. In general, DEX signi�cantly increased the expression of mir-
326-5p and decreased the expression of LCN2 in OGD/R H9C2 cells, clearing cellular Fe2+ and inhibiting
ferroptosis.

1. Background
Cardiomyocytes are sensitive to ischemia and hypoxia. Many cardiac operations, such as percutaneous
coronary intervention, valve replacement and cardiac transplantation, may cause ischemia-reperfusion
injury (IRI), remolding myocardial structure and impairing cardiac function 1-2 . Previous studies have
shown that IRI was mainly caused by the disorder of oxygen free radical, calcium overload and activation
of in�ammation factors, which eventually induced cell programmed death 3 . Notably, current researches
pointed out that ferroptosis may play an important role in cardiac injury 4-5 . Iron is a rich redox active
metal in the body, regulating a variety of different physiological functions. The intracellular iron pool
mainly exists in the form of Fe2+. When cardiomyocytes are in the state of ischemia and hypoxia for a
long time, increasing intracellular Fe2+ would directly catalyze the highly expressed unsaturated fatty
acids on the cell membrane, promote free atomic groups formation through Fenton reaction and expand
lipid peroxidation, �nally causing ferroptosis 6-8 . 

Lipocalin 2 (LCN2) is a member of the secretory lipoprotein family. It was originally found have
antibacterial effect by binding with its receptor and in�uencing iron carrier in vivo, promoting iron to
transport into cells and inhibiting microorganisms from obtaining iron 9 . Studies have found that LCN2
signi�cantly increased and induced neurotoxicity when treated with exogenous iron, but decreased when
treated with iron chelator deferoxamine (DFO). In addition, LCN2 also regulates in�ammatory factors at
the transcriptional stage, such as NF-κB, MMP9 and IL-6 10 . 

Non-coding RNA (including microRNA, circRNA and long-chain RNA) have been identi�ed pivotal in
pathological and physiological processes. MicroRNA, as a highly conversed RNA fraction, consists of
about 20-26 bases and plays a key role in many diseases, such as myocardial injury, liver �brosis and
neurotoxicity  11 .
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Dexmedetomidine (DEX) is a commonly used drug to prevent intraoperative IRI. Previous studies have
shown that it may maintain cell activity by inhibiting apoptosis, autophagy and focal death. It was well
known that large numbers of oxygen free radicals were released during IRI, which is similar with the
pathological process of ferroptosis. We hypothesized that DEX may protect cardiomyocytes from injury
by inhibiting ferroptosis. However, ferroptosis related genes and speci�c pathways involved are still not
clear. Our study aimed to explore this issue and clari�ed its underlying mechanism.

2. Methods
2.1 Reagent and antibody 

DEX and DFO were purchased from sigma (Missouri, USA). Dulbecco's modi�ed basic medium (DMEM),
sugar free DMEM, fetal bovine serum (FBS), phosphate buffered saline (PBS) and trypsin EDTA were
purchased from GIBCO (New York, USA). The primary antibody against β-actin (CL594-66009) and LCN2
(26991-1-AP) were purchased from Proteintech (Chicago, Illinois). The primary antibodies against p62
(#A19700), Beclin-1(#A7353), LC3B (#A19665), MMP9 (#A0289), Bax (#A19684), Bcl-2 (#A19693) and
NF-KB (#A19653) were purchased from Abclonal (Wuhan, China). The plasmids of LCN2 was designed
by Kaiji Biological Company (Nanjing, China). Mir-326-5p mimic and mir-326-5p inhibitor were designed
and constructed by Jima Biological Company (Shanghai, China).

2.2 Cell culture 

H9C2 cells were purchased from Sciences Cell Bank of Chinese Academy (Shanghai, China). The cells
were cultured in DMEM containing 10% fetal bovine serum (FBS) and 1% antibiotics at 37 ° C in a
humidi�ed incubator with 5% CO2. Cell morphology was evaluated using an inverted microscope by the
ZEISS system (ZEISS, USA).

2.3 Establishment of OGD/R model 

The model was established with reference to the literature and slightly modi�ed. 

DMEM was cleared and the 96-well plate was washed by PBS for three times. Sugar free DMEM without
FBS was added instead. Then the plate was placed in anaerobic bag (Mitsubishi, Japan) at 37°C in
humidi�ed incubator for 3, 6, 9 and 12 hours. When the scheduled time is reached, we discarded sugar
free DMEM and washed the 96-well plate with PBS for three times. Complete DMEM with 10% FBS was
added and the cells was cultured in normal condition for 1, 3, 6 and 9 hours.

2.4 Plasmid transfection 

According to Lipofectamine 2000 instructions (Thermo Fisher, USA), H9C2 cells were transfected with
corresponding siRNA or miRNA plasmid.

2.5. Real-time PCR
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We lysed H9C2 cells with Trizol reagent (Life Technologies, MA, USA). Then we precipitated the total RNA
with isopropanol (Aladdin, Shanghai, China) and transcribed to cDNA according to the instructions of
HifairII 1st Strand cDNA Synthesis SuperMix (YEASEN, Shanghai, China). Finally, we performed real-time
PCR with Hieff™ qreal-time PCR SYBR Green Master Mix (Low Rox Plus) (YEASEN, Shanghai, China) in
Applied Biosystems 7500 machine (Thermo Fisher, MA, USA) following the manufacturer's guidelines.

2.7. Western Blot 

Protein of each sample was extracted and added with the same account. Then it was separated by SDS-
PAGE and transferred to PVDF membrane. After blocking with 5% BSA, the PVDF membrane was
incubated with corresponding primary antibody overnight. HRP bound secondary anti-rabbit was applied
for 2 hours next. The PVDF membrane was added with ECL (YEASEN, Shanghai, China) and protein stripe
was analyzed by Image Lab software.

2.8 Immuno�uorescence assay

H9C2 cells were inoculated on the cover glass in 24-well plate. After clearing DMEM, the cell morphology
was �xed with 4% paraformaldehyde for 20 minutes and penetrated by 0.1 % Triton. Then it was blocked
by 1% bovine serum albumin for 2 hours and incubated with primary antibody overnight. FITC rabbit
secondary antibody was added for 2 hours. Then, 2ul �uorescence quencher was added on the cover
glass. All images were taken blindly with Zeiss microscope (Germany).

2.9 Malondialdehyde (MDA) assays

According to the instructions, H9C2 cells were intervened with MDA working solution from Jiancheng
Bioengineering Institute (Nanjing, China). MDA concentration was determined at 532 nm by microplate
reader.

2.10 Iron ion detection

The Fe2+ level in H9C2 cells was detected using Iron detection kit (ferrozine microplate method) from
Yita biotech company (Beijing, China) according to the manufacturer's instructions.

2.11 Mitochondrial membrane potential detection  

Mitochondrial membrane potential level was detected using mitochondrial membrane potential test kit
(JC-1 method) from Yita biotech company (Beijing, China). Pictures was taken under the �uorescence
microscope and �uorescence intensity was measured using Synergy HTX Multi-Mode Microplate Reader
(Agilent, USA) with excitation/emission wavelength of 490 nm/530 nm and 525 nm/590 nm.

2.12 Oxygen free radical (ROS) assay

According to the guidelines, H9C2 cells were intervened with ROS working solution from Jiancheng
Bioengineering Institute (Nanjing, China). The �uorescence intensity was measured with
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excitation/emission wavelength of 488 nm/525 nm.

2.13 Superoxide dismutase (SOD assay

According to the instructions, H9C2 cells were intervened with SOD working solution from Jiancheng
Bioengineering Institute (Nanjing, China). SOD concentration was determined at 450 nm by microplate
reader.

2.14 Luciferase assay

H9C2 cells were transfected with mir-326-5p mimics and WT or MUT psiCHECK2-LCN2. After 24 hours,
the cells were lysed on ice and added with �re�y luciferase detection reagent according to the
instructions. Then the samples were measured using Synergy HTX Multi-Mode Microplate Reader.

2.15 Cell Counting Kit-8 (CCK-8) assay   

H9C2 cells were plated in 96-well plates for different intervention for 24 hours. Then, 10μl CCK8 reagent
was added and incubated at 37°C for 4h. The results were determined by microplate reader at 450 nm.

2.16 MTT Assay    

H9C2 cells were plated in 96-well plates for different intervention. 10μl MTT reagent was added and
incubated at 37°C for 4h. Then DMSO was added to dissolve the formazan. The results were determined
by microplate reader at 592 nm.

2.17 Statistics

Results was expressed as mean ± standard deviation and mapped with graphpad prism 7.0 (graphpad
software, San Diego, California). Statistical analysis was determined by one-way ANOVA of Student t-test
(comparison between two groups) or student Newman Keuls test (more than two groups). The value of P
< 0.05 was considered statistically signi�cant.

3. Results
3.1 Establishment of OGD/R model and identi�cation of ferroptosis

We set up different time of OGD for 3, 6, 9, 12 hours and different time of reperfusion for1, 3, 6, 9 hours.
Compared with control group, results of CCK8 and MTT assay showed that the cell viability treated with
OGD decreased signi�cantly with the extension of OGD time. The cell viability decreased to less than 40%
at OGD 12h and about 50% at OGD 9h. We chose 9h as the OGD model time in order to leave more space
for next intervention. Compared with OGD9/R0 group, cell viability decreased after reperfusion of 1 hour
and 3 hours, while slightly increasing at the point of 6 and 9 hours. (Fig 1A and 1B) Therefore, OGD 9h/R
3h was chosen as the most suitable model time. Under light microscope, the cells in control group were
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spindle shaped and cell membrane surface was smooth and arranged neatly. However, the cells appeared
empty and retracted in model groups. In addition, cells number also decreased signi�cantly. (Fig 1C) 

The results of iron ion kit showed that the Fe2+ in OGD/R group was signi�cantly higher than that in
control group, but partly decreased after treatment of DFO. (Fig 1D) In addition, SOD assay showed that
SOD level decreased after OGD/R intervention but partly increased after DFO treatment. (Fig 1E) MDA
assay showed that MDA level increased after OGD/R intervention but partly decreased after DFO
treatment. (Fig 1F) JC-1 �uorescence assay showed that mitochondrial membrane potential level
decreased after OGD/R intervention but partly increased after DFO treatment. (Fig 1G) ROS �uorescence
assay showed that ROS level increased after OGD/R intervention but partly decreased after DFO
treatment. (Fig 1H)

3.2 Mir-326-5p upregulation decreased ferroptosis in OGD/R H9C2

We analyzed four myocardial injury related GEO databases GEO36239, GEO95855, GEO44179,
GEO143168 . The results showed that there were signi�cant differences in the expression of rno-mir-532,
rno-mir-345, rno-mir-34a, rno-mir-18a and rno-mir-326. (Fig 2A) Since KEGG enrichment analysis showed
that only the target genes of mir-326 were enriched in pathway of ferroptosis, we would like to explore the
role of mir-326-5p in ferroptosis of myocardial injury. (Supplementary Fig 1)

Real-time PCR results showed that mir-326-5p mimic and inhibitor were successfully transfected into
H9C2 cells. (Supplementary Fig 2) Iron ion kit showed that mir-326-5p could decreased intracellular Fe2+
in OGD/R H9C2 cells while inhibitor could increase it. (Fig 2B) MTT assay also con�rmed that
overexpression of mir-326-5p increased cell viability. (Fig 2C) Moreover, SOD assay showed that
overexpression of mir-326-5p increased the level of SOD but knockdown of mir-326-5p decreased it. (Fig
2D) MDA assay also revealed that overexpression of mir-326-5p decreased the level of MDA but
knockdown of mir-326-5p increased it. (Fig 2E) In conclusion, mir-326-5p upregulation could clear
intracellular Fe2+ and protect OGD/R H9C2 cells from oxidative stress injury.

3.3 Mir-326-5p targeted LCN2 and repressed its expression

In order to further clarify the mechanism of mir-326-5p regulating ferroptosis, we searched potential
targets of mir-326-5p. With the help of Targetscan (version 7.2), we found that LCN2 has the highest
weighted context + + score among the target genes of mir-326-5p; while mir-326-5p has the second
highest target score among the upstream miRNA of LCN2. Other prediction software also con�rmed the
targeting relationship between LCN2 and mir-326-5p. Therefore, we hypothesized that mir-326-5p may
directly bind with LCN2 to regulate ferroptosis.  Supplementary Fig 3

Real-time PCR and WB results showed that mir-326-5p mimic reduced mRNA and protein of LCN2 of
H9C2, while inhibitor increased it. (Fig 3A and 3B) The primers sequence of LCN2 used for real-time PCR
was lister in Supplementary Table 1. Immuno�uorescence and DAPI staining revealed that in normal
H9C2 cells, mir-326-5p mimic decreased the expression of LCN2, while inhibitor increased its expression.
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(Fig 3C) Luciferase assay showed that �uorescence level of WT psiCHECK2-LCN2 but not MUT
psiCHECK2-LCN2 was signi�cantly decreased by rno-mir-326-5p mimic, con�rming that LCN2 was the
direct target of mir-326-5p. (Fig 3D) Real-time PCR results showed that the mRNA expression of LCN2 in
OGD/R group was signi�cantly higher than that in control group, while expression of mir-326 signi�cantly
decreased. This condition was partly reversed after DFO intervention. (Fig 3E and 3F) WB results also
con�rmed the signi�cant changes in protein expression of LCN2 between groups of OGF, OGD/R and
OGD/R+DFO. (Fig 3G)

3.4 Axis of mir-326-5p/LCN2 regulated ferroptosis, autophagy and in�ammatory response in OGD/R
H9C2

Real-time PCR and WB results showed that LCN2 siRNA was successfully transfected into H9C2 cells.
(Fig 4 and Supplementary Fig 4) The results of iron ion kit showed that the Fe2+ level decreased
signi�cantly after LCN2 siRNA intervention, which was conversed by mir-326-5p inhibitor. (Fig 4A) SOD
and MDA experiments also con�rmed that SOD increased and MDA decreased after LCN2 siRNA
intervention, which was conversed by mir-326-5p inhibitor. (Fig 4B-C) JC-1 �uorescence experiment and
ROS �uorescence experiment showed that mitochondrial membrane potential level increased and ROS
level decreased after LCN2 siRNA intervention, which was reversed by mir-326-5p inhibitor. (Fig 4D-E)
Combined with our previous experimental results, we concluded that mir-326-5p reduced the ferroptosis
of OGD/R by negatively regulating LCN2. In addition, we also found that LCN2 siRNA reduced the
expression of in�ammatory factors MMP9 and NF-KB, and simultaneous decreased the autophagy level
by decreasing autophagy related marker proteins Beclin-1 and LC3b and increasing p62. Mir-326-5p
inhibitor could partly reversed its function of inhibiting in�ammatory reaction and autophagy by
negatively regulating LCN2. (Fig 4F)

3.5 DEX treatment attenuated ferroptosis via mir-326-5p/LCN2 axis

Previous studies have shown that DEX could signi�cantly reduce IRI. In order to further explore the
mechanism of DEX in protecting cardiomyocytes from IRI. We intervened the H9C2 cells with 1.0 mM DEX
before OGD/R. Real-time PCR results showed that mir-326-5p of OGD/R H9C2 treated with DEX increased
signi�cantly while LCN2 mRNA decreased signi�cantly. (Fig 5A) The protein level of LCN2 decreased
signi�cantly after DEX treatment while increasing after mir-326-5p inhibitor intervention. (Fig 5B) Iron ion
kit showed that DEX treatment could decrease intracellular Fe2+ in OGD/R H9C2 cells while inhibitor
increased it. (Fig 5C)

In addition, SOD and MDA experiments also con�rmed that SOD increased and MDA decreased after DEX
treatment, which was conversed by mir-326-5p inhibitor. (Fig 5D-E) JC-1 �uorescence experiment and
ROS �uorescence experiment showed that mitochondrial membrane potential level increased and ROS
level decreased after DEX treatment, which was reversed by mir-326-5p inhibitor. (Fig 5F-G) All above
results con�rmed that DEX may inhibit ferroptosis in OGD/R H9C2 via regulating mir-326-5p.
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4. Discussion
The pathogenesis of ischemia-reperfusion is complex. How to prevent IRI has been a di�cult problem in
the �eld of anesthesia. It is a comprehensive process of various noxious stimulation, including oxygen
free radical release, calcium overload, leukocyte activation and lack of high-energy phosphate
compounds. At present, great progress has been made in IRI prevention, such as ischemic
preconditioning, ischemic postconditioning or drug intervention  12-13 . Dexmedetomidine, as a β2

adrenergic agonists, has been proved positive effect on IRI. Previous studies have proved that it may
protect cell activity and maintain organ function by inhibiting cellular apoptosis, autophagy, focal death
or necrotic apoptosis. However, whether it can regulate ferroptosis and the speci�c mechanism have not
been explored and discussed  14 .

OGD/R is often used as cell model of IRI. In our experiment, when OGD time reached 9 hours, cell death
occurred in about 50% of cardiomyocyte. Cell viability reached the lowest level after three hours of
reoxygenation. Therefore, we chose OGD9/R3 as the modeling time. Our results also showed that after
OGD/R intervention, intracellular Fe2+, ROS and MDA increased signi�cantly, and SOD decreased
signi�cantly. In addition, remarkable changes also happened in the mitochondrial membrane potential,
proving that OGD/R could induce ferroptosis in H9C2 cells. 

The intracellular iron plays an important role in maintaining cellular homeostasis 15-16 . However,
excessive iron may cause series of cellular reactions, including oxidative stress, mitochondrial
dysfunction and endoplasmic reticulum stress. Iron ion is mainly absorbed in the duodenum through
divalent metal ion transporter 1 (DMT-1) and heme carrier protein 1 (HCP-1). Iron ion in the cytoplasm can
be stored as ferritin or released into the blood through iron transporter (FPN) 17-18 . When transferrin
(TF) mediated classical iron transporting reaches saturation, iron starts entering cells through a non-TF
binding pathway, including DMT-1, T-type calcium channel (TTCC), L-type calcium channel (LTCC) 19-
20 . LCN2 has also been found bind to LCN2 receptor and in�uence iron carrier on the surface of cell
membrane, signi�cantly increasing the content of intracellular iron as an additional access 21-22 . 

Previous studies have recorded the continuous occurrence of LCN2 in heart that LCN2 starts from
epicardium to myocardium, and �nally arrived in endocardium. In fact, several studies have reported that
LCN2 increased in various heart disease. The level of LCN2 was also negatively correlated with the degree
of disease and prognosis 23 . In chronic heart failure (CHF) patients, stronger LCN2 immunostaining was
observed in cardiomyocytes. Expression of LCN2 in serum was also associated with the NYHA grade and
N-terminal pro-brain natriuretic peptide (NT-proBNP) 24-25 . According to our research results, abnormal
aggregation of LCN2 in myocardium may increase intracellular Fe2+ and oxidative stress, �nally causing
ferroptosis, and this condition could be reversed by its upstream mir-326-5p. This was also consistent
with the phenomenon that many clinical trial found LCN2 in serum and myocardium acted as a predictive
biomarker and increased in cardiac disease. 
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In animal experiments, , LCN2 mRNA in aorta and myocardium of atherosclerotic mice was higher than
that of normal mice after 48 hours of exposure to hypoxic environment. Pathological sections also
con�rmed that LCN2 protein was abundant in the myocardial and lipid core of arterial plaque, which was
co-located with MMP-9 26-27 . In the rat autoimmune myocarditis model, the increased myocardial and
plasma LCN2 were more obvious in the active stage of myocarditis, which may be related to myocardial
and plasma IL-1β 28 . 

Studies over the past decade have veri�ed that miRNA played a crucial role in many aspects of life
activity. MiRNA targeted therapy is also moving from experiment to clinic trail. For example, the tumor
suppressor miRNA miR-34 mimic encapsulated in lipid nanoparticles was the most advanced miRNA
therapy. At present, it has been applied in the phase I clinical trial of several tumors and hematological
diseases (NCT01829971). In addition, the treatment of locked nuclear acids (LNA) inhibiting miR-122 has
also been used in phase II clinical trials for the treatment of hepatitis 29-30 . MiRNA targeted therapy has
a wide application prospect  31 . We found that mir-326-5p is a co-expressed differential miRNA in
multiple myocardial injury related GEO databases, and its target genes are mainly enriched in ferroptosis,
lipid metabolism and vesicular transport. LCN2 is the direct target of mir-326-5p. Our study con�rmed the
mir-326/LCN2 axis could regulate ferroptosis in myocardium injury. Silencing LCN2 can signi�cantly
reduce the content of intracellular Fe2+, ROS, MDA and mitochondrial membrane potential disorder.
Moreover, it could also inhibit autophagy in OGD/R H9C2 cells and reduce the expression of in�ammatory
factors MMP9 and NF-KB. 

In conclusion, our results con�rmed for the �rst time that DEX in�uenced the ferroptosis in OGD/R H9C2
cells through mediating mir-326-5p/LCN2 axis, and con�rmed that LCN2 knockdown could alleviate
in�ammatory reaction and inhibit autophagy simultaneous. This study explored the mechanism of
ferroptosis in the process of myocardial injury, providing a new perspective and target for the prevention
of myocardial ischemia-reperfusion.
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Figures

Figure 1

Establishment of OGD/R model and identi�cation of ferroptosis. (A) Cell viability of OGD H9C2 detected
by MTT and CCK8 assay. (B) Cell viability of OGD/R H9C2 detected by MTT and CCK8 assay. (C) Cell
morphology photographed under light microscope. (D) Detection of Fe2+ concentration in H9C2 treated
with OGD/R and DFO. (E) Detection of SOD level in H9C2 treated with OGD/R and DFO. (F) Detection of
MDA level in H9C2 treated with OGD/R and DFO. (G)Fluorescence staining of JC-1 in H9C2 treated with
OGD/R and DFO. (green �uorescent represents JC-1 monomers and red �uorescent represents JC-1
aggregate forms). (H) Fluorescence staining of ROS in H9C2 treated with OGD/R and DFO.

Data are expressed as mean ± SD (n = 3); *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 2

Mir-326-5p upregulation decreased ferroptosis in OGD/R H9C2. (A) Differential genes in four GEO
databases. (B) Cell viability of OGD H9C2 detected by MTT assay. (C) Detection of Fe2+ concentration in
H9C2 treated with mir-326-5p mimic and mir-326-5p inhibitor. (D) Detection of SOD level in H9C2 treated
with mir-326-5p mimic and mir-326-5p inhibitor. (E) Detection of MDA level in H9C2 treated with mir-326-
5p mimic and mir-326-5p inhibitor.

Data are expressed as mean ± SD (n = 3); *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 3

Mir-326-5p targeted LCN2 and repressed its expression. (A) Real-time PCR analysis of LCN2 in OGD/R
H9C2 transfected with mir-326-5p mimic or mir-326-5p inhibitor. (B) Western blot analysis of LCN2 in
OGD/R H9C2 transfected with mir-326-5p mimic and mir-326-5p inhibitor. (C) Immuno�uorescence
staining of LCN2 in H9C2 transfected with mir-326-5p mimic or mir-326-5p inhibitor. (D) Luciferase
activity of WT-LCN2 and MUT-LCN2 binding with mir-326-5p mimic. (E) Real-time PCR analysis of mir-326-
5p in H9C2 of control, OGD/R and OGD/R + DFO group. (F) Real-time PCR analysis of LCN2 in H9C2 of
control, OGD/R and OGD/R + DFO group. (G) Western blot analysis of LCN2 in H9C2 of in H9C2 of
control, OGD, OGD/R and OGD/R + DFO group.

Data are expressed as mean ± SD (n = 3); *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 4

Axis of mir-326-5p/LCN2 regulated ferroptosis, autophagy and in�ammatory response in OGD/R H9C2.
(A) Detection of Fe2+ concentration in OGD/R H9C2 treated with LCN2 siRNA and mir-326-5p inhibitor. (B)
Detection of SOD level in OGD/R H9C2 treated with LCN2 siRNA and mir-326-5p inhibitor. (C) Detection of
MDA level in OGD/R H9C2 treated with LCN2 siRNA and mir-326-5p inhibitor. (D)Fluorescence staining of
ROS in OGD/R H9C2 treated with LCN2 siRNA and mir-326-5p inhibitor. (E)Fluorescence staining of JC-1
in OGD/R H9C2 treated with LCN2 siRNA and mir-326-5p inhibitor. (green �uorescent represents JC-1
monomers and red �uorescent represents JC-1 aggregate forms). (F) Western blot analysis of LCN2, Bcl-
2, Bax, MMP9, p65, Beclin-1, p62 and LC3 I/II in OGD/R H9C2 treated with LCN2 siRNA and mir-326-5p
inhibitor.

Data are expressed as mean ± SD (n = 3); *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 5

DEX treatment attenuated ferroptosis via mir-326-5p/LCN2 axis. (A) Real-time PCR analysis of mir-326-5p
and LCN2 in OGD/R H9C2 and OGD/R H9C2 treated with DEX. (B) Western blot analysis of LCN2 in
OGD/R H9C2 treated with DEX and mir-326-5p inhibitor. (C) Detection of Fe2+ concentration in OGD/R
H9C2 treated with DEX and mir-326-5p inhibitor. (D) Detection of SOD level in OGD/R H9C2 treated with
DEX and mir-326-5p inhibitor. (E) Detection of MDA level in OGD/R H9C2 treated with DEX and mir-326-5p
inhibitor. (F)Fluorescence staining of ROS in OGD/R H9C2 treated with DEX and mir-326-5p inhibitor.
(E)Fluorescence staining of mitochondrial membrane potential in OGD/R H9C2 treated with DEX and mir-
326-5p inhibitor. (green �uorescent represents JC-1 monomers and red �uorescent represents JC-1
aggregate forms).

Data are expressed as mean ± SD (n = 3); *P < 0.05, **P < 0.01, ***P < 0.001.
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