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INTRODUCTION 
 

Supraventricular tachyarrhythmia, a disorder charac-

terized by rapid disruptions in atrial electrical activities, 

is a critical component of heart failure [1]. In China, 

heart failure prevalence stands at approximately 

0.77%, with a notable increase correlating with age, 
particularly among individuals over 80 years old 

(7.5%) [2]. Heart failure represents a primary and 

independent risk factor and a significant contributor to 

the occurrence of ischemic stroke [3]. Patients with 

heart failure face a significantly higher risk, up to 5-7 

times, of suffering a stroke compared to those without 

this condition [3]. A pivotal mechanism behind heart 

failure recurrence is atrial remodeling, encompassing 

autonomic, structural, and electrical alterations [4]. 

Atrial dysfunction, stemming from abnormal 
conduction and systolic function loss, contributes to 

heart failure development [5], primarily driven by 

structural remodeling processes [6]. 
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ABSTRACT 
 

Background: Heart failure is a prevalent and life-threatening medical condition characterized by abnormal atrial 
electrical activity, contributing to a higher risk of ischemic stroke. Atrial remodelling, driven by oxidative stress 
and structural changes, plays a central role in heart failure progression. Recent studies suggest that HACE1, a 
regulatory gene, may be involved in cardiac protection against heart failure. 
Methods: Clinical data analysis involved heart failure patients, while an animal model utilized C57BL/6J mice. 
RT-PCR, microarray analysis, histological examination, ELISA, and Western blot assays were employed to assess 
gene and protein expression, oxidative stress, and cardiac function. Cell transfection and culture of mouse atrial 
fibroblasts were performed for in-vitro experiments. 
Results: HACE1 expression was reduced in heart failure patients and correlated negatively with collagen levels. 
In mouse models, HACE1 up-regulation reduced oxidative stress, mitigated fibrosis, and improved cardiac 
function. Conversely, HACE1 knockdown exacerbated oxidative stress, fibrosis, and cardiac dysfunction. HACE1 
also protected against ferroptosis and mitochondrial damage. NRF2, a transcription factor implicated in 
oxidative stress, was identified as a target of HACE1, with HACE1 promoting NRF2 activity through 
ubiquitination. 
Conclusions: HACE1 emerges as a potential therapeutic target and diagnostic marker for heart failure. It 
regulates oxidative stress, mitigates cardiac fibrosis, and protects against ferroptosis and mitochondrial 
damage. The study reveals that HACE1 achieves these effects, at least in part, through NRF2 activation via 
ubiquitination, offering insights into novel mechanisms for heart failure pathogenesis and potential 
interventions. 
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Oxidative stress, mediated by reactive oxygen species 

(ROS), exacerbates atrial structural and electrical 

remodeling and plays a detrimental role in the onset 

and progression of heart failure. Elevated ROS levels 

lead to DNA, lipid, and myocardial protein damage, 

as well as the activation of inflammatory cell cytokine 

production, tissue damage, heightened inflammatory 

responses, and atomic fibrosis [7, 8]. In response to 

hemodynamic changes sensed in cardiac tissues, 

HACE1 acts to protect against heart failure through 

cardiac protection mechanisms [9]. Heart failure 

patients exhibit elevated serum HACE1 levels, which 

help control protein degradation and safeguard the 

heart from hemodynamic stress [10]. HACE1-

mediated ubiquitinated proteins interact with ankyrin 

domain proteins, facilitating selective autophagy of 

heart failure-related cells, underscoring its pivotal role 

in cardiac protection [11]. 

 

Mice with defective HACE1 expression display 

abnormal myocardial hypertrophy, left ventricular 

dysfunction, and the accumulation of autophagy-

related proteins LC3 and p62, indicating disrupted 

autophagy processes that exacerbate heart failure and 

increase mortality rates. Given this context, HACE1 

emerges as a promising candidate for both heart 

disease diagnosis and treatment [12]. Understanding 

the significance of heart failure, circulatory embolism, 

and ischemic stroke in clinical practice provides 

valuable context for appreciating the relevance of this 

study. 

 

MATERIALS AND METHODS 
 

Clinical data analysis  

 

This study was approved by the Ethics Committee of 

Second Affiliated Hospital of Nanchang University, 

Nanchang, China (Approval No. AHNU/2019/A213). 

After getting approval from the ethical committee the 

current study was conducted and all participants 

provided written informed consent prior to enrolment in 

the study. This research was conducted ethically in 

accordance with the World Medical Association 

Declaration of Helsinki. Electrocardiogram results were 

obtained for those patients (n=29) who were diagnosed 

with heart failure. Patients with ddiagnosis of Heart 

Failure based on clinical assessment, including 

symptoms, medical history, and diagnostic tests such as 

echocardiography and B-type natriuretic peptide (BNP) 

levels, 40-70 years old must have undergone ECG 

testing to confirm the presence of supraventricular 

tachyarrhythmia or relevant atrial electrical ab-

normalities, were enrolled in the study. Patients with 

below or above the specified age range with or without 

severe comorbid conditions, such as end-stage renal 

disease, advanced cancer, or other life-limiting 

illnesses, were excluded. Based on these results, the 

patients were recruited from the hospital for the current 

study.  

 

Animal experiment  

 

Protocols for animal experiments were approved by 

the Animal Experimental Ethics Committee of the 

Nanchang University, Nanchang, China (Approval 

No. AHNU/2019/A215) in compliance with the 

National Institutes of Health guidelines for the care 

and use of laboratory animals. For this study, the 

animals (C57BL/6J mice) of 5-6 weeks old were 

divided into two groups in a randomized manner with 

each group containing 8 mice. The groups were sham 

and model or model and model+si-HACE1. The sham 

group mice were injected with normal saline 

intraperitoneally. On the other hand, the model group 

mice were intraperitoneally injected with Ang II (1.5 

μg/g/ day; Sigma-Aldrich, USA). Then, the mice were 

sacrificed after 4 weeks under anesthetic conditions. 

Afterwards, the model+UBQLN1 group mice were 

injected with Ang II (1.5 μg/g/ day; Sigma-Aldrich, 

USA) and UBQLN1 RNA vectors (4 ×107 TU/ 

mice/week) intraperitoneally. Again, the mice were 

sacrificed under anesthesia after 4 weeks. The 

chemically-synthesized lentiviral vectors containing 

si-HACE1 RNA and a negative control, was designed 

and procured from Hanyin Biotechnology Limited 

Company (Shanghai, China). The diameter, ejection 

fraction, fractional shortening and the stroke volume 

of the left ventricles were determined using Nillar 

pressure-volume system (MPVS-400). 

 

RT-PCR assay and microarray analysis 

 

In brief, the extraction of the total RNA was 

performed using RIzol reagent (Invitrogen, Thermo 

Fisher Scientific, Inc., Waltham, MA, USA) either 

from heart tissue or cell samples of the mice or from 

human serum samples. Then, the total RNA was made 

to undergo reverse transcription into cDNAs with the 

help of Reverse Transcription System Kit (Takara, 

Dalian, China). qRT-PCR was used to amplify the 

cDNAs in which TB Green™ Premix Ex Taq™ II 

(Takara, Dalian, China) was utilized on a StepO-

nePlus Real-Time PCR System. Based on 2 -ΔΔCt 

methods, the fold changes of the mRNA level were 

determined.  

 

Out of the serum samples, the extraction of the total 

RNA was performed. Afterwards, the RNA 
quantification was performed with the help of 

NanoDrop 1000. Every sample’s total RNA was 

utilized to perform the reverse transcription process in 
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which Invitrogen SuperScript double stranded cDNA 

synthesis kit was utilized. NimbleGen one-color DNA 

labeling kit was utilized to execute the double-

stranded cDNA after which array hybridization was 

performed with the NimbleGen hybridization system. 

Then, the sample was washed using NimbleGen wash 

buffer kit. For the purpose of scanning, the researchers 

used Axon GenePix 4000B microarray scanner 

(Molecular Devices, San Jose, CA, USA).  

 

Histological examination and enzyme-linked 

immunosorbent assay (ELISA) 

 

After fixing the tissue in 4% paraformaldehyde for 

about 24 hours, the sample was cut into slices 

measuring 5 μM thick in transverse plane. Then, the 

sectioning of the paraffin-embedded tissues was 

accomplished at 4-μm and the sections were stained 

using H&E staining or else Masson staining. In order to 

analyze the sections, the authors used Olympus BH-2 

light microscope (Olympus Corporation). ELISA kit’s 

instructions (manufactured by Beyotime) were followed 

to determine the levels of ROS produced, GSH, MDA, 

GSH-px and SOD levels. 

 

Cell transfection and culture of adult mouse atrial 

fibroblasts 

 

For the purpose of down-regulating the expression of 

HACE1, the authors introduced thesi-HACE1 virus 

(sc-41670, Santa Cruz Biotechnology, USA) into 

mice. As per the methodology in literature [13], the 

atrial fibroblasts of the adult mice were isolated. From 

the animals considered for study i.e., C57BL/6J mice 

(5–6 weeks old measuring 18-20 g) were sacrificed, 

hearts excised and submerged in cold PBS. Then, a 

tissue chopper was used to chop the atria into pieces 

after which it was washed with cold PBS. Then, 

collagenase II (1 mg/mL, Worthington Biochemical, 

USA) was used for 30 minutes to dissociate the cells 

at a temperature of 37° C. Then, the collection of the 

isolated cells was performed followed by its 

centrifugation at 1500 rpm for 5 min. Again, the 

solution was suspended in DMEM medium 

(supplemented with 10% FBS) for about 2 hours at a 

temperature of 37° C under 5% CO2 incubator. After 

the removal of myocyte-rich medium, the cells were 

inoculated for about 3-4 days prior to passage. 

Lipofectamine™ 2000 (Invitrogen, USA) was used to 

transfect the cells with their corresponding constructs 

as per the instructions from the manufacturer. Then, 

the cells were treated using 1 μM Ang II (Sigma-

Aldrich, St. Louis, MO, USA) after four 4 of 

transfection. These cells were then utilized to perform 

the rest of the experiments after 48 hours of 

incubation.  

Western blot assay  

 

With the help of protein lysis buffer (Keygen Biotech, 

Nanjing, China), the extraction of the proteins was 

conducted from the heart tissues or otherwise the cell 

samples. BCA reagent kit was utilized to determine the 

quantity of the protein present in the samples. Then, the 

protein samples (Lysates) were separated using 10% SDS-

PAGE after which it was shifted to polyvinylidene 

difluoride (PVDF) membranes (Millipore Corp. Billerica, 

MA, USA). At 4° C overnight, the incubation of the 

PVDF was performed by HACE1, NRF2, GPX4 and β-

actin. Then, for about 2 hours, the horseradish peroxidase-

conjugated secondary antibody (Beyotime, 1:5000) was 

used for the incubation of PVDF. Then, the signal was 

analyzed by leveraging the chemiluminescence system 

(Amersham Pharmacia, UK).  

 

Immunofluorescence 

 

After fixing the cells in 4% paraformaldehyde for about 

15 mins, the permeabilization of the cells was conducted 

using 0.1% Triton X-100 in PBS for about 15 min at room 

temperature. Then, 5% BSA was used to block the cells 

for about 30 minutes at 37° C. Then, the cells were made 

to undergo treatment with primary antibodies such as anti- 

HACE1 (1:100) and anti-Nrf2 (1:100) at 4° C overnight. 

After the incubation of the cells with Cy3-conjugated  

goat anti-rabbit or goat anti-mouse IgG DyLight 488‐

conjugated secondary antibodies (1:500), for about one 

hour at a temperature of 37° C, DAPI was used to stain 

the nuclei. Fluorescent confocal microscopy (Nikon, 

Tokyo, Japan) was used to visualize the cells. 

 

Data and statistical analysis 

 

For the current study’s statistical analysis, SPSS 16.0 

statistical software (SPSS, Inc., Chicago, IL, USA) was 

used and the results are reported in the form of mean 

±SD. The evaluations were repeated thrice while the 

differences between the groups were analyzed with the 

help of unpaired student’s t-test. The statistical 

significance was determined using unpaired student's t-

tests and one-way ANOVA, with p < 0.05 indicating 

significance in all cases. 

 

Availability of data and material 

 

All data are provided in this study and raw data can be 

requested from the corresponding author.  

 

Consent for publication 

 
IEC, The Second Affiliated Hospital of Nanchang 

University, Nanchang, 330006, China approved the 

publication of data generated from this study.  
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RESULTS 
 

The expression levels of HACE1 in patients with 

heart failure 

 

HACE1 mRNA expression was significantly inhibited 

in heart failure patients (p < 0.05) (Figure 1A). A 

negative correlation was observed between HACE1 

serum expression levels and collagen I (p < 0.05)  

and collagen III (p < 0.05) in heart failure patients  

(Figure 1B, 1C). Receiver Operating Characteristic 

(ROC) curve analysis showed the diagnostic  

potential of HACE1 level (Figure 1D). HACE1 

mRNA was up-regulated in mice with heart failure 

after 2-4 weeks of induction (p < 0.05) (Figure 1E). 

Expression of the HACE1 protein was detected in 

heart tissue samples from the heart failure mice model 

(Figure 1F). 

 

HACE1 reduced oxidative stress in vitro model 

 

Up-regulation of HACE1 via HACE1 plasmid increased 

ROS and MDA levels (p < 0.05) but reduced SOD, 

GSH, and GSH-PX levels (p < 0.05) in the in vitro heart 

failure model (Figure 2A–2F). HACE1 overexpression 

led to a decrease in collagen I, collagen III, and TGF-β 

mRNA expression (p < 0.05) (Figure 2G–2I). 

 

The inhibition of HACE1 promoted oxidative stress 

in vitro model 

 

Knockdown of HACE1 via si-HACE1 decreased ROS 

and MDA levels (Figure 3A) (p < 0.05) but increased 

SOD, GSH, and GSH-PX levels (p < 0.05) in the in 
vitro heart failure model (Figure 3B–3F). HACE1 

knockdown resulted in increased collagen I, collagen 

III, and TGF-β mRNA expression (p < 0.05) (Figure 

3G–3I). 

 

HACE1 inhibited ferroptosis and mitochondrial 

damage in vitro model 

 

Up-regulation of HACE1 enhanced cell viability and 

promoted calcien-AM/CoCl2 levels (p < 0.05), 

reduced LDH activity and IL-1α levels (p < 0.05), and 

decreased PI-positive cells and iron concentration  

(p < 0.05) in the in vitro heart failure model (Figure 

4A–4G). HACE1 overexpression increased GPX4 

mRNA and protein expression (p < 0.05) (Figure 4H, 

4J). HACE1 knockdown led to decreased cell 

viability, increased PI-positive cells and iron 

concentration (p < 0.05), and reduced GPX4 

expression (p < 0.05) in the in vitro heart failure 

model (Figure 4A–4G, 4I, 4K). 

 

Sh-HACE1 could promote heart failure in mice 

model 

 

Sh-HACE1 aggravated CK and LDH activity (p < 0.05), 

increased left ventricular internal diameter, and caused 

heart tissue injury (p < 0.05). It also reduced ejection 

fraction, fractional shortening in left ventricles, and 

stroke volume of left ventricles in the heart failure mice 

model (p < 0.05). SOD, GSH, and GSH-PX levels were 

reduced by Sh-HACE1, while MDA levels were 

increased in heart tissue (p < 0.05) (Figure 5A–5L). 

 

 
 

Figure 1. The expression levels of HACE1 in patients with heart failure. HACE1 mRNA expression (A), HACE1 related to collagen I or 

collagen III (B, C), ROC curve (D) in patients with Heart failure; HACE1 mRNA and promoted expression-rtPCR (E, F) and wester blot (G) in mice 
model of Heart failure. ##p<0.01 compared with normal group or sham group. 
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Figure 2. HACE1 reduced oxidative stress in vitro model. HACE1 mRNA expression (A), MDA, ROS, SOD, GSH and GSH-px levels 

(B–F), collagen I, collagen III and TGF-β mRNA expression (G–I). ##p<0.01 compared with control group. Immunofluorescence images 
of HACE1 (J). 

 

 
 

Figure 3. The inhibition of HACE1 promoted oxidative stress in vitro model. HACE1 mRNA expression (A), MDA, ROS, SOD, GSH and 

GSH-px levels (B–F), collagen I, collagen III and TGF-β mRNA expression (G–I). ##p<0.01 compared with si-nc group. Immunofluorescence 
images of si-HACE1 activity (J). 
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Figure 4. HACE1 inhibited ferroptosis and mitochondrial damage in vitro model. Cell viability (A), LDH activity (B), IL-1α level (C), JC-1 
disaggregation (D), calcien-AM/CoCl2 rate level (E), PI positive cells (F), Iron concentration levels (G), GPX4 mRNA expression (H, I) and GPX4 
protein expression (J, K) western blot images for GPX4 protein expression (L, M). ##p<0.01 compared with control group or si-nc group. 

 

 
 

Figure 5. Sh-HACE1 could promote heart failure in mice model. CK and LDH activity levels (A, B), heat tissue injury (Masson and HE 

staining, C), left ventricular internal diameter (D), heat tissue injury (Masson and HE staining (E), left ventricular ejection fraction (F), left 
ventricular fractional shortening (G), left ventricular stroke volume (H), MDA/SOD/ GSH/GSH-PX levels in heat tissue (I–L) ##p<0.01 compared 
with model+vector group. 
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NRF2 is one target for HACE1 in model of heart 

failure 

 

Sh-HACE1 reduced NRF2 mRNA expression in heart 

tissue (p < 0.05) (Figure 6D). HACE1 overexpression 

increased NRF2 mRNA expression (p < 0.05) (Figure 

6E). HACE1 knockdown decreased NRF2 mRNA 

expression (p < 0.05) (Figure 6F). Sh-HACE1 reduced 

NRF2 and GPX4 protein expression in heart tissue (p < 

0.05) (Figure 6H). 

 

HACE1 promoted NRF2 activity levels by its 

ubiquitination in model of heart failure 

 

HACE1 up-regulation led to increased expression of 

both HACE1 and NRF2 proteins in the in vitro  

model (p < 0.05) (Figure 7A–7C). Microscopic 

examination confirmed increased expression of 

HACE1 and NRF2 when HACE1 was up-regulated (p 

< 0.05) (Figure 7D). Immunoprecipitation (IP) 

showed a relationship between HACE1 and NRF2 

proteins (Figure 7E). Up-regulation of HACE1 

reduced the Ubiquitination of NRF2, while si- 

HACE1 promoted NRF2 Ubiquitination (p < 0.05) 

(Figure 7F). 

 

NRF2 inhibition and HACE1 impact 

 

NRF2 inhibitor mitigated the impact of HACE1 on Nrf2 

and GPX4 expression, oxidative stress, and ferroptosis 

in vitro (p < 0.05) (Figure 8). NRF2 agonist countered 

the impact of si-HACE1 on Nrf2 and GPX4 expression, 

oxidative stress, and ferroptosis in vitro (p < 0.05) 

(Figure 9). 

 

 
 

Figure 6. NRF2 is one target for HACE1 in model of heart failure. Microarray analysis (A–C), NRF2 mRNA expression (D–F), NRF2 

and GPX4 protein expressions (G, H) GPX4 protein expressions in blot (I). ##p<0.01 compared with model+vector group or control group or 
si-nc group. 
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DISCUSSION 
 

In clinical arrhythmias, heart failure is the most 

commonly observed on [14]. Due to aging population, 

heart failure has become common these days while its 

incidence rate and mortality levels are increasing on a 

remarkable number [15]. By 2010, 33.5 million patients 

were diagnosed with heart failure across the globe [16]. 

In the event of heart failure, the risks are high for stroke, 

cardiac arrest, thromboembolism etc., which in turn 

fatally impact the patients. These conditions further 

aggravate the economic burden of people and their 

society. Due to these reasons, the condition has gained 

attention in national and international levels in the field of 

CVDs [17]. As per the literature, atrial fibrosis, oxidative 

stress, cardiac remodeling, ion channel abnormalities and 

other such pathological changes occur due to multiple 

diseases including CHD, diabetes, heart failure, 

hypertension and so on. Further, it also results in the 

blood’s hypercoagulability which eventually leads to heart 

failure [17, 18]. In current study, an inhibitory effect was 

expressed by HACE1 mRNA in heart failure model. In in-

vitro studies, the oxidative stress got reduced by the 

expression of HACE1. However, the Sh-HACE1 tend to 

 

 
 

Figure 7. HACE1 promoted NRF2 activity levels by its Ubiquitination in model of heart failure. NRF2 protein expression (A–C), 

HACE1 and NRF2 expression (Microscopic display, (D), ACE1 protein connected with NRF2 protein (IP, E), NRF2 Ubiquitination (F). ##p<0.01 
compared with control group or si-nc group. 
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aggravate the heart failure problem in mice model. 

According to Razaghi et al., the cardiac development in 

zebrafish was regulated by HACE1 via ROS-oxidative 

stress [19]. As per these findings, the HACE1 was 

found to be one of the crucial regulatory genes that 

mitigate the oxidative stress in case of heart failure 

model.  

 

With remarkable differences from autophagy and 

apoptosis, Ferroptosis is a novel type of programmed 

cell death process that was found recently [20]. The 

lipid metabolism pathway of this novel cell death 

process primarily manifests in the increased levels of 

intracellular biological markers such as such as ROS, 

ACSl4 and lpcat3 [21]. GPx-4 is a type of peroxidase 

reductase that contains selenium and has the potential to 

degrade the lipid peroxides into hydroxyl lipids that are 

non-toxic in nature. Being a core-level protease enzyme, 

it tends to antagonize the iron death [21]. When  

the activity of GPx-4 is inhibited, it enhances the lipid 

peroxide levels and eventually, the activation of 

Ferroptosis occurs [22]. The current study results infer 

that both ferroptosis and mitochondrial damage were 

inhibited by the expression of HACE1 in in-vitro 

model. Ugarteburu et al. found the regulation of 

HACE1 in mitophagy and oxidative stress [23]. So, it is 

inferred that the inhibition of ferroptosis and 

mitochondrial damage was accomplished by HACE1 by 

preventing the ROS-oxidative stress in heart failure 

model. 

 

Being an endogenous cell resistance regulator against 

oxidants, NRF2 also functions as a crucial transcription 

factor [24]. When NRF2 is activated, it results in the 

gene-level expression of antioxidant defense enzyme 

HO-1 [25] and other such antioxidant response 

 

 
 

Figure 8. The inhibition of NRF2 reduced the effects of HACE1 in model of heart failure. NRF2 and GPX4 protein expression (A, B), 

MDA/ROS/SOD/GSH/GSH-PX levels (C–G), cell viability (H), LDH activity (I), IL-1α level (J), Iron concentration levels (K), JC-1 disaggregation (L). 
NRF2 and GPX4 protein expression in blot and immunofluorescence (M, N). ##p<0.01 compared with control group, **p<0.01 compared with 
HACE1 group. 
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elements (ARE). In literature, it has been concluded that 

NRF2 gets inhibited as a result of heavy oxidative 

stress, fibrosis and hypertrophy. So, it is well 

understood that NRF2 enacts a critical role in atomic 

fibrosis pathway [26, 27]. Through current study results, 

NRF2 was identified as a target for HACE1 in heart 

failure model. By ubiquitination, the HACE1 boosted 

the activity levels of NRF2 in heart failure model. 

According to Da et al., NRF2 gets activated by HACE1 

in glioma cells [28]. The current study outcomes 

confirm the promotion of NRF2’s activities by HACE1, 

while the latter inhibited the ubiquitination of the 

former in order to mitigate the mitochondrial damage 

and ferroptosis by inactivating the ROS-oxidative stress 

in heart failure model. 

 

Limitations of this study include its heavy reliance on 

animal models, necessitating further clinical validation 

to establish the practical utility of HACE1 in diagnosing 

and prognosing heart failure in humans. The intricate 

mechanisms underpinning heart failure remain in-

completely understood, emphasizing the need for more 

in-depth research. Additionally, the generalizability of 

HACE1's role to all heart diseases may not hold true 

given the heterogeneity of these conditions. In the 

future, extensive clinical studies, mechanistic elucida-

tion, humanized models, and investigations into 

therapeutic potential should guide research efforts 

towards a better understanding and management of 

heart diseases. 

 

Among various clinical arrhythmias, heart failure is 

associated with increased risks of circulatory embolism 

and ischemic stroke. This study aimed to investigate the 

role of HACE1 in heart failure and its potential 

therapeutic applications. The study compared the 

expression levels of HACE1 between heart failure 

patients (experimental group) and normal individuals 

 

 
 

Figure 9. The activation of NRF2 reduced the effects of si-HACE1 in model of heart failure. NRF2 and GPX4 protein expression 

(A, B), MDA/ROS/SOD/GSH/GSH-PX levels (C–G), cell viability (H), LDH activity (I), IL-1α level (J), Iron concentration levels (K), JC-1 
disaggregation (L). NRF2 and GPX4 protein expression in blot and immunofluorescence (M, N). ##p<0.01 compared with si-nc group, 
**p<0.01 compared with si-HACE1 group.  
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 (normal group). The results revealed a significant 

down-regulation of HACE1 in the heart failure patients, 

suggesting its possible involvement in the disease. In in-
vitro experiments, the overexpression of HACE1 

mitigated oxidative stress induced by ROS, while down-

regulation of HACE1 increased oxidative stress. 

Additionally, HACE1 triggered the NRF2 pathway, 

promoting the expression of GPX4 protein, which 

further mitigated oxidative stress and ferroptosis. 

Furthermore, in-vivo experimentation on mice showed 

that down-regulation of HACE1 using shRNA 

aggravated heart failure and enhanced oxidative  

stress. Conversely, up-regulation of HACE1 inhibited 

ferroptosis and mitochondrial damage. 
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