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Abstract
TRI partite motif (TRIM) family proteins are RING �nger domain-containing proteins that are related to the
maintenance of cellular functions. TRIM9, a pivotal E3 ubiquitin ligase, and a member of TRIM family,
has been implicated in the pathogenesis of many diseases. However, the role of TRIM9 in myocardial
ischemia–reperfusion injury (MIRI) remains unknown. In this study, we found that TRIM9 expression is
upregulated in MIRI in vivo and in vitro. The inhibition of TRIM9 expression further increased the protein
levels of LC3II and p62, and they were elevated in the process of MIRI, suggesting the disruption of
autophagic �ow. Furthermore, we examined the cell viability, the result showed that when the ischemia
reperfusion and TRIM9 knocked down both happened, which harmful to H9c2. Mechanistically, TRIM9
downregulated the expression of Beclin1, a crucial protein in autophagy, and promoted the ubiquitination
of Beclin1, followed by a decreased expression of LC3II and p62. Collectively, our data revealed that
TRIM9 could protect against MIRI and might be a novel in�uence factor for cardiovascular disease.

1. Introduction
Ischemic cardiomyopathy remains a globally prevalent disease characterized by high morbidity and
mortality [1]. At present, for patients who are subjected to myocardial infarction, rapid reconstruction of
blood �ow in ischemic myocardial tissue has been approved widely as the most effective treatment.
However, a large amount of clinical and experimental evidence has con�rmed that reconstructing the
blood �ow of ischemic myocardial tissue results in myocardial tissue injury, which is known as
myocardial ischemia–reperfusion injury (MIRI) [2]. MIRI causes a series of pathophysiological changes in
the heart, and among these changes, excessive myocardial cell death is a principal and basic
pathological symptom of MIRI [3]. However, the mechanism underlying MIRI-induced cell death remains
unclear.

Autophagy, as an evolutionarily conserved catabolic mechanism, plays an important role in the
maintenance of energy and protein homeostasis, which digests and degrades damaged organelles and
misfolded proteins to maintain normal cellular function by fusing with lysosomes [4]. Emerging evidence
has suggested that the disruption of autophagy contributes to the pathogenesis and progression of a
variety of human diseases [5, 6]. Recent studies have demonstrated that autophagy is defective during
ischemia/reperfusion (I/R) [7]. However, the molecular underpinnings that regulate autophagy have not
yet been fully elucidated. Beclin1, one of the earliest autophagy effectors discovered in mammals [8] and
a core component of the class (III) phosphatidylinositol 3-kinase (PI3K)/Vps34 complex, is involved in the
regulation of autophagosome formation as an autophagy initiation factor [9–11]. Despite the role of
Beclin1 reported in MIRI, the bene�cial and harmful effects of Beclin1 on MIRI remain controversial.
Therefore, further analysis of the role and regulatory mechanism of Beclin1 in MIRI is of great value.

Accumulative evidence has demonstrated that autophagy and the ubiquitin–proteasome system (UPS)
are two major degradation mechanisms in eukaryotic cells [12]. Autophagy includes microautophagy,
macroautophagy and chaperone-mediated autophagy. Here, we focus on macroautophagy/autophagy
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[13]. The UPS is a selective proteolytic system in which the conjugation of ubiquitin to substrates induces
degradation by the proteasome [14]. Ubiquitination is mediated by the cooperative action of three
enzymes: ubiquitin-activating enzyme (E1), ubiquitin-transferring enzyme (E2), and ubiquitin ligase (E3)
[15]. The ubiquitin chain can then be recognized by the proteasome, which degrades the target substrate
in an ATP-dependent manner [16]. A recent study from our lab demonstrated that increased UBE2D3
expression, one of the members of the ubiquitin-binding enzyme 2 family, increases the ubiquitination of
p62/SQSTM, subsequently disrupting autophagic �ux and exacerbating myocardial ischemia–
reperfusion injury in a manner dependent on the mTOR-Beclin1 pathway [17]. In addition, some studies
from other groups have also demonstrated that ubiquitination plays a crucial role in the pathogenesis of
cardiovascular diseases, such as ischemia–reperfusion injury [18]. As a member of the tripartite motif-
containing protein (TRIM) family of E3 ubiquitin ligases, TRIM9 plays a signi�cant role in the central
nervous system of developing adults and affects a variety of biological processes, such as in�ammation,
immunity, cell proliferation, apoptosis, and antiviral mechanisms [19, 20]. Several studies have
demonstrated that TRIM proteins can recruit ULK1 and BECN1 complexes and bind to mammalian Atg8-
family paralogs via an LC3-interacting region, acting as both autophagy cargo receptors and platforms
assembling autophagosome-formation machinery [21, 22]. Moreover, in non-small-cell lung cancer,
TRIM59 inhibits Beclin1 expression to block autophagy by inhibiting the NF-κB pathway [23]. However,
whether and how TRIM9 regulates autophagy remains unclear.

In this study, we found that TRIM9 expression was upregulated in in vivo and in vitro MIRI models. TRIM9
downregulated the expression of Beclin1 and promoted the ubiquitination of Beclin1, subsequently
inhibiting the expression of LC3II and p62 and blocking autophagy to ameliorate MIRI. Taken together, our
study revealed that TRIM9 can protect against MIRI and may represent a promising valuable therapeutic
target for MIRI.

2. Materials And Methods

2.1 Animals
Adult male SD rats weighing 230 g ~ 250 g were purchased from the Experimental Animal Center of
Kunming Medical University (Kunming, China). The animals were kept under standard laboratory
conditions with 12 h of light and provided plenty of food and water. All animal feeding and experimental
protocols were performed according to the ethical standards set out in the Declaration of Helsinki and
were approved by the Institutional Committee for Animal Protection and Utilization of Kunming Medical
University.

2.2 Cardiac ischemia–reperfusion model
A rat model of myocardial ischemia reperfusion was constructed as described previously [24]. In brief, the
rats were anesthetized by intraperitoneal injection of 10% chloral hydrate (0.3 ml/100 g), subjected to
endotracheal intubation and connected to a ventilator. Electrocardiography was performed throughout
the whole procedure. After thoracotomy, the anterior descending branch of the left coronary artery was



Page 4/17

ligated with 6 − 0 silk thread. After 45 min of ischemia, the silk thread was cut, and reperfusion was
initiated.

2.3 2,3,5-Triphenyltetrazolium chloride (TTC) staining
Heart samples were collected, washed with PBS, stored at -20°C for 30 min, and cut into 2- to 3-mm-thick
slices. The tissue sections were submerged in 2% TTC solution for 20 min at 37°C in the dark, and the
stained sections were �xed with 4% paraformaldehyde for 15 min.

2.4 Immuno�uorescence
Fresh heart tissues were �xed in 4% paraformaldehyde, dehydrated in a gradient ethanol series and
embedded in para�n. The sections were subsequently incubated with 0.3% hydrogen peroxide in PBS to
block endogenous peroxidase activity. Thereafter, the sections were blocked with 5% goat serum in PBS
for 2 h and incubated overnight at 4°C with a rabbit polyclonal anti-TRIM9 antibody (1:200, Proteintech).
After three washes with PBS, the tissues were incubated with FITC-conjugated anti-rabbit
immunoglobulin (IgG) for an additional 2 h at room temperature, washed with TBST for 3×5 min,
incubated with 4,6-diamino-2-phenylindole (DAPI, 1 µg/mL, Sigma, USA) for nuclear staining and sealed.
The tissues were observed and photographed using a �uorescence microscope (Olympus, Japan).

2.5 DAPI �uorescence staining
Apoptotic cells were analyzed by DAPI staining, and stronger �uorescence intensity of apoptotic cells
than normal cells or condensed ruptured nuclei were observed due to nuclear fragmentation and
chromatin condensation. The cells in each group were treated with DAPI and placed at room temperature
for 2 h in the dark, and nuclear morphology was observed and recorded under a �uorescence microscope
(Olympus, Japan).

2.6 Cell culture and treatment
H9c2 rat cardiomyocytes were purchased from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). The cells were cultured in low-glucose DMEM/F12 containing 10% fetal bovine serum
and antibiotics (1% penicillin and streptomycin) in an incubator at 37°C and 5% CO2. The reagents were
purchased from Gibco.

2.7 H9c2 cell oxygen and glucose deprivation (OGD) model
Cardiomyocytes were cultured in low-glucose medium without serum in an incubator containing 1% O2,
94% N2 and 5% CO2 for 2 h to simulate ischemia and then cultured in complete medium for 2 h in an
incubator at 5% CO2 and 37°C to simulate reperfusion.

2.8 Cell transfection
Small interfering RNA (siRNA) targeting TRIM9 and negative control siRNA were purchased from Gene
Pharma (Shanghai, China). H9c2 cells in plates were transfected with the HA-UB plasmid, and siRNA and
plasmid DNA were added according to the instructions provided by the manufacturer of Lipofectamine



Page 5/17

3000 (Thermo). The transfected cells were used for other experiments according to the experimental
requirements.

2.9 Western blot analysis
Cell lysis products were extracted using radioimmunoprecipitation assay (RIPA) buffer containing the
protease inhibitor PMSF. The cell supernatant was collected after centrifugation at 4°C and 12,000 rpm
for 30 min, and the protein content was determined using a Beyotime protein quanti�cation kit. The
protein samples were separated by electrophoresis using different concentrations of sodium dodecyl
sulfate polyacrylamide gels and then transferred to PVDF membranes. Subsequently, the membranes
were blocked with 5% skimmed milk for 3 h at room temperature and incubated overnight at 4°C with the
primary antibody (1:1000 dilution). The membrane was washed with TBST, and the secondary antibody
(1:2000 dilution) was added and incubated at room temperature for 2 h. The bands were visualized using
enhanced chemiluminescence reagents and quanti�ed using ImageJ software.

2.10 Immunoprecipitation
An immunoprecipitation (IP) kit (Thermo, 88804) was used to assess the interaction between different
proteins. Protein was extracted from H9c2 cells and incubated with primary antibody (5 µg) or an
equivalent amount of normal mouse IgG (Santa Cruz Biotechnology, SC-2025) or normal rabbit IgG (Cell
Signaling Technology, 2729) at 4°C overnight. After extensive washing, the supernatant was removed,
and 10 µl neutralizing solution was added. If the primary antibody and the secondary antibody were
rabbit antibodies, the samples were prepared after incubation at room temperature for 10 min. If the
primary antibody and the secondary antibody were different, the samples were heated to 95°C for 10 min,
and then the samples were used for Western blotting.

2.11 mRFP-GFP-LC3

H9c2 cells were transfected with an mRFP-GFP-LC3 lentivirus (Shanghai Hanhengsheng Material Science
and Technology Co., Ltd., China) according to the manufacturer’s instructions. mRFP was used to label
LC3, and cells expressed both red (mRFP) and green (GFP) �uorescence at neutral pH. Since GFP is
sensitive to acidic conditions, only red �uorescence was detected when GFP was quenched after fusion
of autophagosomes and lysosomes. Thus, a decrease in the GFP signal may indicate the formation of
autophagolysosomes by the fusion of lysosomes and autophagosomes. Yellow (green + red) puncta
represent autophagosomes. The ratio of the number of red puncta to the number of yellow puncta was
used as an indicator of autophagic �ux.

2.12 CCK-8

The proliferation and viability of CCK8 cells were determined. H9c2 cells (100 µL/well) were plated in 96-
well plates, and modeling was started after cells adhered to the wall and grew to an appropriate density.
After modeling, 10 µL CCK8 solution was added to each well and placed in an incubator for incubation
for 1–4 h. The absorbance at 450 nm was measured with a microplate reader.
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2.13 Statistical analysis

Statistical analysis was performed using GraphPad Prism 8.0.1 software, and all data are expressed as
the mean ± standard deviation (SD). Student's t test was used to analyze the differences between two
groups, and one-way ANOVA and Tukey's post-hoc test were used for multiple group comparisons. For
nonnormally distributed data, the Wilcoxon signed rank test for paired samples was used to compare the
differences between the two groups. A value of p < 0.05 indicated statistical signi�cance.

3. Results

3.1 Cardiac TRIM9 expression was increased after MIRI
A report from Zeng [39] et al. showed that TRIM9 in mice has a protective effect against ischemic stroke.
However, the role of TRIM9 in MIRI remains unclear. Previous studies have suggested that the early time
point of reperfusion is 20 min–3 h [26]. Therefore, to determine the function of TRIM9 in early myocardial
ischemia reperfusion, the left anterior descending coronary artery of SD rats was ligated with a prolene
suture. After 45 min, reperfusion was performed by cutting the line for 20 min. Then, we used TTC
staining to assess the infarct size in the hearts from normal rats and rats subjected to myocardial
ischemia–reperfusion. The myocardial tissue was white after 45 min of ischemia and 20 min of
reperfusion (Fig. 1A), and the ECG analysis of the heart showed that the ST segment was elevated
(Fig. 1B). Moreover, using Western blotting, our results showed that the expression level of TRIM9 in the
MIRI group was increased compared with that in the sham group (Fig. 1C-1D). To further verify these
results, immuno�uorescence staining was used to detect the expression of TRIM9 in the sham and MIRI
groups, and we found that TRIM9 expression was signi�cantly more upregulated in the MIRI group than
in the sham group (Fig. 1E). These results indicate that TRIM9 expression is upregulated in MIRI.

3.2 TRIM9 expression was increased in the in vitro model of
MIRI
Next, an in vitro model of myocardial ischemia and reperfusion was established. We extracted proteins
from myocardial cells and performed Western blotting, and found that the expression of TRIM9 was also
increased (Fig. 2A-2B). In line with these results, we performed immuno�uorescence staining of
myocardial cells after 2 h of ischemia and reperfusion for 2 h and observed that TRIM9 expression was
upregulated under oxygen and glucose deprivation conditions compared to normal oxygen and glucose
conditions (Fig. 2C). To rule out the effect of cell type on TRIM9 expression, we used a human-derived
myocyte cell line (AC16) and then performed the same experiment. Consistent with the results in the H9c2
cell line, TRIM9 expression was also elevated (Fig. 2D-2F). Therefore, our results suggest that ischemia–
reperfusion can upregulate the expression of TRIM9 both in vivo and in vitro.
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3.3 Knockdown of TRIM9 might regulate autophagy and
autophagic �ow
Perera et al. reported that TRIM55 was closely related to the expression of the autophagy-related
molecules SQSTM1/p62 and LC3 during the development of striated muscle [26]. Thus, we sought to
identify whether TRIM9 is also related to autophagy in myocardial ischemia–reperfusion conditions.
Transfection with siRNAs targeting three different domains of the TRIM9 gene was performed in H9c2
cells. Western blot analysis showed that the transfection e�ciency of the three different TRIM9 siRNAs
was similar. At the same time, we found that LC3II expression was upregulated after TRIM9 siRNA
transfection, indicating that autophagy occurred after TRIM9 knockdown (Fig. 3A-3C). In addition, we
determined SQSTM1/p62 expression and found that p62 expression was also upregulated (Fig. 3D-3E),
indicating that autophagic �ux was disrupted in MIRI. To further demonstrate these results, we
transfected H9c2 cells with a lentivirus harboring tandem �uorescent mRFP-GFP-LC3. After decreasing
TRIM9 expression, there was more yellow puncta, indicating defective autophagic �ux. (Fig. 3F).
Combined with the above results, our data demonstrate that TRIM9 enhances autophagic �ux in MIRI.

3.4 TRIM9 is required for MIRI
To determine the effect of TRIM9 downregulation in MIRI, we transfected H9c2 cells with siRNA targeting
the TRIM9 gene, and before protein extraction, two of these four groups were exposed to OGD as
previously described. Using western blotting, we found that the expression levels of p62 and LC3II were
upregulated after TRIM9 knockdown, indicating that autophagic �ux was destroyed (Fig. 4A-4C). Next, we
built the same model in the same way, and cell viability and proliferation were measured by the CCK8
method. We found that the condition of H9c2 cells was even worse after TRIM9 knockdown than after
simple ischemia reperfusion (Fig. 4D). Taken together, these observations demonstrate that TRIM9
enhances autophagic �ux and aggravates myocardial ischemia reperfusion injury.

3.5 TRIM9 regulated autophagy via ubiquitination of Beclin1
To deeply understand the function of TRIM9, we used an antibody against TRIM9, performed
immunoprecipitation, and then performed mass spectrometry and bioinformatics analysis. We found that
TRIM9 was related to autophagy, spliceosomes, RNA degradation and other pathways (Fig. 5A). Our
previous experiments revealed that TRIM9 was indeed associated with autophagy. Additionally, Beclin1
plays a central role in autophagy and triggers the expression of multiple proteins involved in
autophagosome formation [27]. Therefore, to verify the relationship between TRIM9 and Beclin1, we
performed coimmunoprecipitation (co-IP). The results con�rmed that Beclin1 was present in the samples
pulled down with a TRIM9 antibody but not in the samples pulled down with IgG (Fig. 5B). This indicated
that an interaction occurs between TRIM9 and Beclin1.

To further understand the regulatory relationship between TRIM9 and Beclin1, H9c2 cardiomyocytes were
transfected with siRNA targeting the TRIM9 gene as described above. Proteins were extracted 48 h later,
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and the change in Beclin1 expression at the translational level was assessed by Western blotting. Beclin1
expression was upregulated (Fig. 5C-5D). Beclin1 is downstream of TRIM9 and regulates autophagy.
Hence, we added siRNA targeting the Beclin1 gene to cardiomyocyte cells. After 48 h, we extracted the
protein and performed SDS-page, which found that LC3II and P62 were downregulated (Fig. 5E-5H).
Therefore, we added UB with HA labeling in cardiomyocytes. After 48 h, coimmunoprecipitation was
performed, and the results con�rmed that Beclin1 ubiquitination was reduced by knockdown of TRIM9
expression in H9c2 rat cardiomyocytes (Fig. 5I). These results indicate that TRIM9 may regulate Beclin1
degradation in MIRI to induce autophagy but that autophagic �ow is disrupted.

4. Discussion
MIRI is accompanied by clinical complications such as reperfusion arrhythmias, lethal reperfusion,
myocardial stunning and no-re�ow [28], and it is a common clinical disease that needs to be solved. The
purpose of our study was to investigate the role of the ubiquitin ligase TRIM9 in early cardiac ischemia–
reperfusion. We found that the expression of TRIM9 was upregulated in MIRI and acts as a negative
regulator of the translation of Beclin1, a critical autophagy protein. Moreover, we showed that knocking
down Beclin1 decreased the expression of LC3II and p62 and reduced autophagy. More importantly, after
TRIM9 knockdown in cardiomyocytes, autophagic �ux was disrupted through upregulation of Beclin1
expression and inhibition of Beclin1 ubiquitination.

A recent study provides compelling evidence that the coupling of ubiquitination to proteasomal
degradation becomes inadequate during IRI and that such inadequacy contributes to MIRI [29], and as an
E3 ubiquitin ligase, TRIM9 is a newly identi�ed RING-type E3 ubiquitin protein ligase that was �rst
described to be speci�cally expressed in the embryonic and adult nervous systems [30]. However, more
research on this ubiquitin-protein ligase is needed to gain more insights into its roles in other tissues and
diseases. For example, in cancer, previous studies have shown that methylated TRIM9, which inhibits the
expression of TRIM9 mRNA, can be used as a blood biomarker for breast cancer in patients [31]. In
addition, overexpression of TRIM9 can promote uterine �broid cell proliferation and inhibit apoptosis
through the NF-κB signaling pathway [32]. Regarding the nervous system, in patients with dementia and
Lewy bodies, TRIM9 expression in the brain is decreased. More recent studies have shown that TRIM9
and TRIM67 may regulate the structure and function of neurons by interacting with a large number of
proteins and potential substrates [33]. These interactions have opened many new research directions
related to TRIM9, such as its ability to regulate actin, simulate membrane remodeling and regulate the
morphology of protrusions. However, there have been no studies on the role of TRIM9 in MIRI.

Previous studies have shown that autophagy and associated cell death are increased during myocardial
infarction/reperfusion [34, 35]. Beclin1 is central to autophagy and is involved in a variety of other
pathways. Downregulation of Beclin1 expression reduces myocardial ischemia–reperfusion-induced
autophagy and improves cell survival [36]; however, other studies have revealed that Beclin1 decreases
the infarct size after myocardial ischemia–reperfusion [37]. Accumulating evidence suggests that the
inhibition of autophagic cell death protects cardiomyocytes during ischemia/reperfusion [38]. Hence,
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disruption of autophagic �ow is not bene�cial for the ischemic myocardium or recovery of the ischemic
myocardium after reperfusion.

Zeng [39] et al. found that upregulation of TRIM9 expression seems to be critical to resolving
in�ammation and minimizing the area of damage around the cerebral infarct. Therefore, we speculated
that TRIM9 expression is also upregulated during myocardial ischemia–reperfusion, regardless of
whether it has a potential regulatory role in the early stage of reperfusion. We focused on one type of cell
death, autophagy. Moreover, through in vivo and in vitro studies, we con�rmed that TRIM9 was
upregulated in the early stage of reperfusion after cardiac ischemia and that TRIM9 can regulate
autophagy in cardiomyocytes by regulating Beclin1 expression. I hope that this �nding could be help to
identify potential molecular biomarkers and therapeutic targets related to TRIM9-mediated regulation of
autophagy in cardiomyocytes and MIRI. Thus, whether the TRIM9-Beclin1 network regulates autophagy in
MIRI is a very interesting and potential question for future studies. Whether autophagy can be modulated
by targeting TRIM9 and Beclin1 may also need to be con�rmed in the future.

5. Conclusion
In summary, our present study illustrated that the expression of the pivotal E3 ubiquitin ligase TRIM9 is
upregulated in MIRI in vivo and in vitro. The inhibition of TRIM9 expression further increased the protein
levels of LC3II and p62, while they were elevated during MIRI, suggesting the disruption of autophagic
�ow. Mechanistically, TRIM9 downregulated the expression of Beclin1, a crucial protein in autophagy, and
promoted the ubiquitination of Beclin1, followed by the decreased expression of LC3II and p62. These
results revealed that TRIM9 can protect against MIRI and might be a novel and potential therapeutic
target for cardiovascular disease.
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Figure 1

Cardiac TRIM9 expression was increased after myocardial IR injury. (A) The myocardial infarct area in SD
rats was determined by TTC staining after myocardial ischemia–reperfusion. The red color represents the
survival area, whereas the white area indicates the infarcted size. (B) The ECG changes of rats with sham
or I/R were detected by two‐lead ECG. (C) The expression of TRIM9 in SD rats after 45 min of ischemia
and 20 min of reperfusion. Cardiac tissue was extracted, and Western blotting was performed to detect
the expression of TRIM9. (D) Data in (C) are presented as the means ± SD from three independent
experiments. (F) Immuno�uorescence analysis of TRIM9 expression in heart tissue after ischemia–
reperfusion (blue �uorescence: nuclei; green �uorescence: TRIM9). **P value < 0.01, *P value <0.05, ns: no
signal.
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Figure 2

TRIM9 expression was increased in the MIRI model in vitro. (A) H9c2 cells were exposed to OGD (I-2 h/R-2
h), and Western blotting was used to detect the expression of TRIM9. (B) Data from (A) are presented as
the means ± SD from three independent experiments. (C) Immuno�uorescence analysis of TRIM9
expression in H9c2 rat myocardium cells after I-2 h/R-2 h (blue �uorescence: nuclei; red �uorescence:
TRIM9). (D) AC16 cells were exposed to OGD (I-2 h/R-2 h), and Western blotting was used to detect the
expression of TRIM9. (E) Data in (D) are presented as the means ± SD from three independent
experiments. (F) Immuno�uorescence analysis of TRIM9 expression in the human myocardium cell line
AC16 after I-2 h/R-2 h (blue �uorescence: nuclei; red �uorescence: TRIM9). **P value < 0.01, *P value
<0.05, ns: no signal.
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Figure 3

TRIM9 knockdown could regulate autophagy and autophagic �ow. (A) The expression of the autophagy
initiation protein LC3II was upregulated after TRIM9 expression was downregulated. (B, C) Data from (A)
are presented as the means ± SD from three independent experiments. (D) P62 expression was also
upregulated after TRIM9 expression was downregulated. (E) Data in (D) are presented as the means ± SD
from three independent experiments. (F) mRFP-GFP-LC3 was used to evaluate autophagic �ow. After
H9c2 cells were transfected with TRIM9 siRNA and mRFP-GFP-LC3, there was more yellow �uorescence
than red �uorescence in the merged images. (green �uorescence: autophagosome; red �uorescence:
lysosome; yellow �uorescence: autolysosome.) **P value < 0.01, *P value <0.05, ns: no signal. NC:
negative control.
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Figure 4

TRIM9 was required for MIRI. (A) LC3II and P62 expression was upregulated after TRIM9 expression was
downregulated after ischemia reperfusion. (B, C) Data from (A) are presented as the means ± SD from
three independent experiments. (D) CCK8 was used to test the viability of NC, NC+IR, siTRIM9 and
siTRIM9+IR (I2 h/R2 h) H9c2 myocardial cells. **P value < 0.01, *P value <0.05, ns: no signal.
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Figure 5

TRIM9 regulated autophagy via ubiquitination of Beclin1. (A) Bubble diagram of the mass spectrometry
results, and the autophagy pathway was detected. (B) The result of co-IP found that Beclin1 was detected
in the samples pulled down with a TRIM9 antibody but not in the samples pulled down with IgG. (C)
Beclin1 expression was increased after TRIM9 levels were reduced. (D) Data in (C) are presented as the
means ± SD from three independent experiments. (E) LC3II and P62 expression was downregulated when
Beclin1 was knocked down. (F-H) Data from (E) are presented as the means ± SD from three independent
experiments. (I) HA-UB was detected in the samples pulled down with a Beclin1 antibody in both the HA-
UB plasmid and TRIM9 siRNA-transfected groups, and downregulation of TRIM9 expression affected the
ubiquitination of Beclin1. **P value < 0.01, *P value <0.05, ns: no signal. NC: negative control.


