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Abstract
Purposes  This work aimed to assess the possible role of TRIM25 in regulating hyperglycemia-induced inflammation, 
senescence, and oxidative stress in retinal microvascular endothelial cells, all of which exert critical roles in the pathological 
process of diabetic retinopathy.
Methods  The effects of TRIM25 were investigated using streptozotocin-induced diabetic mice, human primary retinal 
microvascular endothelial cells cultured in high glucose, and adenoviruses for TRIM25 knockdown and overexpression. 
TRIM25 expression was evaluated by western blot and immunofluorescence staining. Inflammatory cytokines were detected 
by western blot and quantitative real-time PCR. Cellular senescence level was assessed by detecting senescent marker p21 
and senescence‐associated‐β‐galactosidase activity. The oxidative stress state was accessed by detecting reactive oxygen 
species and mitochondrial superoxide dismutase.
Results  TRIM25 expression is elevated in the endothelial cells of the retinal fibrovascular membrane from diabetic patients 
compared with that of the macular epiretinal membrane from non-diabetic patients. Moreover, we have also observed 
a significant increase in TRIM25 expression in diabetic mouse retina and retinal microvascular endothelial cells under 
hyperglycemia. TRIM25 knockdown suppressed hyperglycemia-induced inflammation, senescence, and oxidative stress 
in human primary retinal microvascular endothelial cells while TRIM25 overexpression further aggregates those injuries. 
Further investigation revealed that TRIM25 promoted the inflammatory responses mediated by the TNF-α/NF-κB pathway 
and TRIM25 knockdown improved cellular senescence by increasing SIRT3. However, TRIM25 knockdown alleviated the 
oxidative stress independent of both SIRT3 and mitochondrial biogenesis.
Conclusion  Our study proposed TRIM25 as a potential therapeutic target for the protection of microvascular function during 
the progression of diabetic retinopathy.
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Introduction

As the most common diabetic microvascular complica-
tion, diabetic retinopathy (DR) is the leading cause of pre-
ventable blindness in the working-age population [1, 2]. 
Early DR is mainly manifested as retinal microangiopathy 
accompanied by the loss of retinal microvascular endothe-
lial cells (RMECs) and pericytes, resulting in increased 
vascular permeability, retinal ischemia, and hypoxia, and 
eventually leading to pathological neovascularization in 
proliferative DR [3]. Multiple pathological factors, includ-
ing inflammation [4, 5], senescence [6, 7], and oxidative 
stress [8, 9], are well recognized as being involved in 
microvascular endothelial injury under high glucose, and 
no effective intervention is currently available for early DR 
due to its complex pathogenesis.

As a member of the tripartite motif (TRIM), family of 
E3 ubiquitin ligases, tripartite motif-containing protein 25 
(TRIM25) is involved in a variety of physiological and 
pathological processes, including innate immunity, cell 
proliferation and survival, and RNA metabolism [10]. 
Recent work has also identified TRIM25 as a lipid metab-
olism regulator by suppressing adipocyte differentiation 
[11] and a glucose metabolism regulator by decreasing 
the expression of tricarboxylic acid cycle enzymes [12]. 
Although several members of the TRIM family have been 
reported to play a variety of roles in diabetes and its com-
plications [13], it is currently unclear whether TRIM25 
plays a role in DR development.

By detecting and comparing the expression and dis-
tribution of TRIM25 in human epiretinal membrane tis-
sues and mouse retina, we found that TRIM25 was highly 
expressed in retinal microvascular endothelial cells and 
further elevated under the hyperglycemia state. Therefore, 

we further investigated the effects of TRIM25 on inflam-
mation, senescence, and oxidative stress in human primary 
retinal microvascular endothelial cells (HRMECs) under 
high glucose by TRIM25 knockdown or overexpression. 
The protective effects of TRIM25 knockdown on HRMECs 
under high glucose and its mechanisms were discussed, 
and the results were reported as follows.

Methods

Adenoviruses

Adenovirus shT expressing a short hairpin RNA tar-
geting human TRIM25 mRNA and adenovirus TOE 
overexpressing human TRIM25  mRNA (GenBank 
NM_005082.5), and vehicle controls sh-ctrl (ADV-U6-
CMV-MCS) and ad-ctrl (ADV-CMV-MCS-3FLAG) 
were purchased from OBiO Technology (Shanghai, 
China). The knockdown target sequences are shown in 
Supplementary Table 1.

Human epiretinal membrane tissues

Retinal fibrovascular membrane tissues harvested from 
patients with DR and macular epiretinal membrane tissues 
harvested from patients without diabetes (non-DR) were 
used for immunofluorescence staining. The evaluation of DR 
was according to the International Clinical Diabetic Retin-
opathy Severity Scale adopted by the American Academy of 
Ophthalmology and the International Council of Ophthal-
mology. The clinical information of the patients is included 
in Supplemental Table 2.
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DR mouse model

Wild-type (WT) C57BL/6 male mice were purchased 
from the Shanghai Laboratory Animal Center, Chinese 
Academy of Sciences (Shanghai, China). The type 1 
diabetic mouse model was induced by intraperitoneal 
injection of streptozotocin (STZ, Sigma Aldrich). Mice 
(8 weeks old, ~ 25 g body weight) were randomly assigned 
to the DR or WT group. The DR group was fasted for 12 h 
before the first STZ injection and then administered with 
STZ (55 mg/kg in 10 mM citrate buffer, pH 4.5) injection 
for 6 consecutive days. The WT group received sodium 
citrate buffer as vehicle controls. The mice with random 
blood glucose levels over 300 mg/dL were determined as 
diabetic mice, n = 6–12 for each group. The mice were 
euthanized by CO2 inhalation, and their eyeballs were 
harvested ~ 5 months after diabetic induction.

Cell culture

Human retinal microvascular endothelial cells (HRMECs, 
three to four passages) (Cell Systems, WA, USA) were 
cultured in ECM (ScienCell, CA, USA) containing 5% 
FBS, 1% ECGS, 100 U/mL penicillin, and 100 μg/ml 
streptomycin at 5.5 mM d-glucose concentration for nor-
mal glucose and 30 mM for high glucose. The HRMECs 
were infected with shT at a multiplicity of infection of 
100, TOE at a multiplicity of infection of 25, or corre-
sponding vehicle controls at approximately 70% conflu-
ence. Inhibitors for SIRT3 (3-TYP, 16 μM) were used 
individually or in combination with the adenoviruses. 
Each experiment was repeated independently at least 
three times.

Immunofluorescence staining

Eyeballs from mice or human epiretinal membrane tissues 
were fixed with 4% paraformaldehyde (Sangon Biotech, 
Shanghai, China) overnight at 4 °C. Fixed issues were 
paraffin-embedded and sectioned at 5 μm thickness, and 
the fixed eyeballs were sectioned through the optic disk. 
Before staining, the paraffin sections were dewaxed with 
xylene and rehydrated by sequential dipping into differ-
ent concentrations of ethanol and water. Antigens were 
retrieved in a boiled target retrieval solution (Beyotime) 
for 15 min. After three washes with PBS, the paraffin sec-
tions were blocked in a blocking buffer (PBS containing 
5% BSA and 0.5% Triton X-100) for 30 min at 37 °C and 
incubated with primary antibody diluted in the blocking 
buffer at 4 °C overnight. Then, they were subjected to 
a secondary antibody diluted in the blocking buffer for 
1 h at 25 °C. After each incubation, three washes with 
PBS were performed. Cell nuclei were stained with 

4′,6-diamidino-2-phenylindole (DAPI). Images were taken 
with a confocal microscope (× 200 or × 400 magnification, 
Leica Microsystems, Wetzlar, Germany).

Western blot analysis

Cultured HRMECs and mouse retinal samples were lysed 
in RIPA lysis buffer (Cell signaling) containing 1 mM 
PMSF (Beyotime) and 1 × protease/phosphatase inhibitor 
cocktail (Roche). Protein concentrations were measured 
using a BCA protein assay reagent (Beyotime). Samples 
were loaded onto a 4–20% SDS-PAGE gel (30–50 μg/
sample) and transferred onto immuno-blot polyvi-
nylidene fluoride membranes (Roche, pore size 0.22 μm) 
in the Trans-Blot Turbo Transfer System (Bio-Rad) and 
subsequently blocked in TBS-T (TBS + 0.1% Tween-20) 
with 5% nonfat milk powder at 37 °C for 3 h. Next, the 
membranes were immunoblotted with primary antibodies 
diluted in a primary antibody dilution buffer (Beyotime) 
at 4 °C overnight and then incubated for 1 h at 25 °C with 
peroxidase-conjugated secondary antibodies diluted in 
TBS-T with 1% nonfat milk powder. Antibody detection 
was performed with an enhanced chemiluminescence sub-
strate (Millipore, MA, USA) with an Amersham Imager 
600 (GE, CT, USA). The antibodies used are shown in 
Supplemental Table 3.

Quantitative real‑time PCR

RNA was extracted using TRIzol (Invitrogen), after 
which DNase treatment (Takara, Kyoto, Japan) was per-
formed. Reverse transcription was carried out with a 
cDNA Synthesis Kit (Takara). Quantitative real-time PCR 
(qPCR) was performed using TB Green Premix Ex Taq™ 
(Takara) by ViiA 7 (Applied Biosystems, DE, USA). 
Relative mRNA levels were quantified by normalizing 
with β-actin detected using commercially available prede-
signed primers (Sangon Biotech). The primer sequences 
are as follows:

TNF-α, forward 5′-GCT​GCA​CTT​TGG​AGT​GAT​
CG-3′,reverse 5′-GCT​TGA​GGG​TTT​GCT​ACA​ACA-3′,

NF-κB, forward 5′-CCC​CAC​GAG​CTT​GTA​GGA​
AA-3′,reverse 5′- CCA​CGC​TGC​TCT​TCT​TGG​AA-3′,

IL-1β, forward 5′-TCG​AGG​GAC​AGG​ATA​TGG​
AG-3′,reverse 5′-TCT​TTC​AAC​ACG​CGA​GGA​CAG-3′.

Senescence‐associated‐β‐galactosidase staining

Intracellular senescence‐associated‐β‐galactosidase (SA‐β‐
Gal) activity was assayed using an SA‐β‐Gal Staining Kit 
(Beyotime) according to the manufacturer’s instructions. 
Senescent cells were identified as bluish-green‐stained cells 
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under a phase‐contrast microscope. The percentage of SA‐β‐
Gal‐positive cells was determined by the mean of five random 
fields (× 100 magnification).

Intracellular ROS and mitochondrial ROS 
measurement

HRMECs were incubated with diluted intracellular 
ROS probes 2′,7′-dichlorodihydrofluorescein diacetate 
(DCFH-DA, 10 μM, Molecular Probes, OR, USA) or 
MitoSOX red mitochondrial superoxide indicator in 
serum-free medium for 30  min protected from light. 
After washing DCFH-DA with cold PBS or washing 
MitoSOX with HBSS buffer, the cells were harvested 
and analyzed on a FACS scan flow cytometry machine 
(Beckman, CA, USA).

Mitochondria DNA copy number determination

Total DNA from HRMECs was extracted using the 
TaKaRa MiniBEST Universal Genomic DNA Extrac-
tion Kit (TaKaRa) and quantified using NanoDrop 2000 
(Thermo Fisher Scientific). Mitochondrial DNA level was 
detected using the Human Mitochondrial DNA Monitor-
ing Primer Set (TaKaRa) with qPCR. The procedures for 
DNA extraction and mtDNA quantification were conducted 
according to the manufacturer’s manual.

Statistical analysis

All data originated from at least three independent experi-
ments and were presented as mean ± standard deviation (SD). 
Differences among experimental groups were analyzed by 

Fig. 1   TRIM25 is highly expressed in retinal vascular endothelial 
cells and is elevated under hyperglycemia. a Immunofluorescence 
staining of TRIM25 in macular epiretinal membranes from patients 
without diabetes (non-DR, n = 5 eyes) and retinal fibrovascular mem-
branes from patients with diabetic retinopathy (DR, n = 6 eyes). Scale 
bar, 100 μm. b and c Western blot analysis of TRIM25 in the whole 
retina extracts of nondiabetic C57BL/6 mice (WT) and diabetic mice 

(DR). d Immunofluorescence staining of TRIM25. White arrows 
indicate TRIM25 that is highly expressed in retinal vascular endothe-
lial cells. n = 6. Scale bar, 50  μm. e and f Western blot analysis of 
TRIM25. Human retinal microvascular endothelial cells (HRMECs) 
were cultured in a medium containing 5.5 (NG) or 30 mmol/L (HG) 
glucose for 72 h as indicated. All results are displayed as means ± SD. 
**P < 0.01, unpaired two-tailed student’s t-test



85Graefe's Archive for Clinical and Experimental Ophthalmology (2024) 262:81–91	

1 3

two-tailed student’s t-test or one-way ANOVA (followed by 
Turkey’s or Sidak’s test) using GraphPad Prism 9.0. Signifi-
cance was set at P < 0.05.

Results

TRIM25 is highly expressed in retinal vascular 
endothelial cells and is further elevated 
under hyperglycemia

To begin to understand the state of TRIM25 in retinal vas-
cular endothelial cells in vivo, we examined the expres-
sion of TRIM25 in human epiretinal membrane tissues. 
TRIM25 expression is elevated in the endothelial cells of 
the retinal fibrovascular membrane from diabetic patients 
compared with that of the macular epiretinal membrane 
from non-diabetic patients, as shown in the results of 
immunofluorescence staining (Fig. 1a). Consistent with 
that, western blot analysis of the mouse retina showed 
that the TRIM25 protein level increased in the diabetic 
retinas compared with the control group (Fig. 1b and c). 
The immunofluorescence staining of the mouse retina was 
next conducted to further investigate the distribution of 
TRIM25. As shown in Fig. 1d, the increase in TRIM25 
level in diabetic mouse retina was also confirmed, and spe-
cial attention needs to be paid to the high expression of 
TRIM25 in retinal vascular endothelial cells. Moreover, 
high glucose increased the TRIM25 protein levels in the 
HRMECs in vivo (Fig. 1e and f).

TRIM25 knockdown reduces hyperglycemia‑induced 
inflammation in HRMECs

To initially investigate the effect of TRIM25, we treated 
HRMECs under high glucose with adenoviruses for TRIM25 
knockdown (Fig. 2a). Inflammatory injury mediated by 
NF-κB is a crucial and classical factor in the apoptosis and 
loss of endothelial cells in diabetes and diabetic complica-
tions [4], so we detected the activated form of NF-κB and 
Caspase-3 by western blot. The results showed that both 
p-NF-κB and cleaved Caspase-3 were elevated under high 
glucose, which was reversed by the TRIM25 knockdown 
(Fig. 2b and c). Moreover, TRIM25 has been reported to 
mediate inflammatory response by activating the TNF-α/
NF-κB pathway [14] and by increasing IL-1β production 
[15]. Thus, we next measured the RNA level of TNF-α, 
NF-κB, and IL-1β by quantitative real-time PCR (qPCR), 
showing that high glucose increased the RNA expression 
of all three inflammatory factors while TRIM25 knockdown 
reduced them (Fig. 2d). We have also evaluated the effect of 
TRIM25 overexpression (Fig. 2e) on the TNF-α/NF-κB path-
way, showing that TRIM25 overexpression further elevated 

the protein level of p-NF-κB and TNF-α under high glucose 
(Fig. 2f). Therefore, TRIM25 is involved in hyperglycemia-
induced inflammatory injury mediated by the TNF-α/NF-κB 
pathway in HRMECs.

TRIM25 knockdown attenuates 
hyperglycemia‑induced senescence in HRMECs

Cellular senescence of vascular endothelial cells contrib-
utes to the pathogenesis of various age-related diseases 
including DR [7, 16]. Therefore, we conducted a western 
blot analysis of senescent marker p21 and the detection of 
SA‐β‐Gal activity to determine the effect of TRIM25 on cel-
lular senescence in HRMECs under high glucose, showing 
that TRIM25 overexpression aggravated senescence induced 
by high glucose (Fig. 3a–d). Extensive studies have clearly 
revealed that sirtuins (SIRTs) regulate endothelial senes-
cence in the process of vascular aging [17, 18]. Here, we 
found by western blot analysis that SIRT3, a mitochondrial 
member of the SIRTs, declined in HRMECs under high glu-
cose, while TRIM25 knockdown reversed that accompanied 
by a decline of p21 (Fig. 3e–g). To explore whether SIRT3 
is involved in the role of TRIM25 on the cellular senescence, 
we treated HRMECs with SIRT3 inhibitor 3-TYP. As shown 
in Fig. 3h and i, TRIM25 knockdown alleviated the senes-
cence induced by high glucose and SIRT3 inhibition blocked 
its protective effects. These data reveal that TRIM25 knock-
down attenuates hyperglycemia-induced cellular senescence 
in HRMECs by increasing SIRT3.

TRIM25 knockdown decreases oxidative stress 
in HRMECs under a hyperglycemia state

Hyperglycemia induces excessive reactive oxygen species 
(ROS) production, which also plays an essential role in dia-
betic vascular endothelial injury including inflammation 
and senescence [8, 9]. Thus, we measured the intracellular 
ROS production and examined the effect of TRIM25 on it. 
As shown in Fig. 4a, high glucose-induced ROS elevation, 
which was rescued by TRIM25 knockdown. The same result 
was observed in the western blot for mitochondrial superox-
ide dismutase (SOD2), showing that defective SOD2 antiox-
idant response under high glucose was improved by TRIM25 
knockdown (Fig. 4b and c). We also confirmed the effects of 
TRIM25 overexpression, which further elevated the intracel-
lular ROS production under high glucose with a significant 
decrease in SOD2 protein level (Fig. 4d–f). Mitochondrial 
ROS are the main factor in endothelial oxidative injury 
under high glucose [19], so we determined the mitochondrial 
ROS generation using MitoSOX red mitochondrial superox-
ide indicator and TRIM25 knockdown eliminated mitochon-
drial ROS elevation under high glucose (Fig. 4g). As SIRT3 
can reduce ROS in vascular endothelium by increasing SOD 
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and improving mitochondrial biogenesis [20–22], we next 
investigate whether SIRT3 or the mitochondrial homeostasis 
is involved in the mechanism underlying the alleviation of 
oxidative stress by TRIM25 knockdown. However, as shown 
in Fig. 4h and i, the improvement of the ROS production 
by TRIM25 knockdown in HRMECs under high glucose 
remained even after the treatment of SIRT3 inhibition, and 
TRIM25 knockdown did not promote the impaired mitochon-
drial biogenesis under high glucose, suggesting that TRIM25 
knockdown alleviated oxidative stress through mechanisms 
independent of mitochondrial homeostasis or SIRT3.

Discussion

In the present study, we have discussed the role of TRIM25 
in the hyperglycemia-induced injury of RMECs. TRIM25 
was highly expressed in the retinal vascular endothelial 
cells and was further elevated in vivo and in vitro under the 
stimulation of hyperglycemia. We further determined that 
TRIM25 participates in hyperglycemia-induced inflamma-
tion, cellular senescence, and oxidative stress in HRMECs 
by adenovirus-mediated knockdown or overexpression of 
TRIM25. Moreover, we revealed that TRIM25 potentiates 
the inflammatory responses mediated by the TNF-α/NF-κB 
pathway, and TRIM25 knockdown improves cellular senes-
cence by increasing SIRT3. However, TRIM25 suppression 
alleviates the oxidative stress independent of both SIRT3 
and mitochondrial biogenesis.

TRIM25 plays a pivotal role in regulating the inflamma-
tory response. Previously, TRIM25 has been reported to 
enhance NF-κB signaling in the antiviral signaling process 
[23], and TRIM25 can also directly regulate TNF-α-induced 
NF-κB signaling and enhanced the transcription of proin-
flammatory cytokines, such as IL-1β and TNF-α [14, 15]. 
Consistent with these studies, we demonstrated that TRIM25 
inhibition decreased the level of activated NF-κB and 
cleaved Caspase-3 and markedly repressed the expression 
of inflammatory cytokines including TNF-α, NF-κB, and 
IL-1β induced by high glucose in HRMECs while TRIM25 
overexpression further elevated the level of TNF-α and 

activated NF-κB. However, previous studies have reported 
that TRIM25 expression is increased and serves as a nega-
tive regulator of TNF-induced cell necrosis under necrotic 
stimulation [24], and TRIM25 can protect human bronchial 
epithelial cells in a COPD rat model by decreasing IL-1β 
secretion [25]. Moreover, the NF-κB activation by TRIM25 
contributed to suppressive immune microenvironments in 
gliomas [26]. Therefore, how the enhancement of the inflam-
matory responses of the TNF-α/NF-κB pathway mediated by 
TRIM25 affects the pathology of diabetic retinopathy needs 
to be further studied.

TRIM25 regulates cell cycle and cell survival through 
a variety of pathways, and one of the most discussed is the 
p53/p21 pathway, which modulates cellular senescence and 
organismal aging by inducing irreversible cell cycle arrest 
[27, 28]. However, few studies have also reported that 
TRIM25 exhibits complex effects on the cell cycle and the 
p53/p21 pathway. For example, TRIM25 has been found to 
promote cancer cell proliferation and migration by inhibit-
ing the p53 axis [10]. Another separate study found that 
TRIM25 has a dual function in the regulation of the p53 
signaling, which increases the p53 level but decreases p53 
activities at the same time [29]. In contrast, TRIM25 knock-
down reverses cell cycle arrest and apoptosis by facilitating 
DNA repair in nasopharyngeal carcinoma cells [30]. Moreo-
ver, SIRT3 has been reported to protect endothelial cells 
from high glucose-induced senescence and dysfunction via 
the direct suppression of the p53/p21 pathway [18]. Consist-
ent with that, our results showed that TRIM25 knockdown 
attenuates hyperglycemia-induced cellular senescence in 
HRMECs by increasing SIRT3 with a significant decrease 
in the p21 level. Whether TRIM25 knockdown decreases the 
activation of the p53/p21 pathway in HRMECs under high 
glucose by increasing SIRT3 remains to be investigated.

Few studies have reported that TRIM25 also exerts a two-
sided role in modulating oxidative stress. Oxidative stress 
contributes to the loss of diabetic RMECs by inducing DNA 
damage, which results in the following activation of multiple 
glycolytic side branching pathways that, in turn, triggers subse-
quent oxidative injury and related inflammatory and apoptotic 
responses [8, 9, 31], and TRIM25 has been reported to aggra-
vate oxidative stress and cellular apoptosis by ubiquitinating 
DNA repair enzyme XRCC5 and Ku80 [30, 32]. On the other 
hand, TRIM25 itself can ameliorate oxidative stress by target-
ing the NRF2 signaling and mitochondrial biogenesis, which 
bolsters antioxidant defense in hepatocellular carcinoma and in 
lens epithelial cells [33, 34]. Our study showed that TRIM25 
increased intracellular ROS production, the main source of oxi-
dative stress in endothelial cells under high glucose, accompa-
nied by a decline of SOD2 level, indicating an impairment of 
the antioxidative ability of HRMECs under high glucose. How-
ever, TRIM25 knockdown alleviated hyperglycemia-induced 
oxidative stress independent of both mitochondrial homeostasis 

Fig. 2   TRIM25 knockdown reduces hyperglycemia-induced inflam-
mation in HRMECs. a–c Western blot analysis of TRIM25, p-NF-κB, 
and cleaved caspase-3. HRMECs were treated with adenoviruses for 
TRIM25 knockdown (shT) or vehicle controls in NG or HG medium 
for 72 h as indicated. d Quantitative real-time PCR (qPCR) of inflam-
matory cytokines TNF-α, NF-κB, and IL-1β. HRMECs were treated 
with shT or vehicle controls for 72 h in NG or HG medium as indi-
cated. e and f Western blot analysis of TRIM25, p-NF-κB, and TNF-
α. HRMECs were treated with adenovirus for TRIM25 overexpres-
sion (TOE) or vehicle controls for 72  h in NG or HG medium as 
indicated. Each experiment was repeated independently at least three 
times. All results are displayed as means ± SD. *P < 0.05, **P < 0.01, 
***P < 0.001, ****P < 0.0001, one-way ANOVA analysis

◂
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Fig. 3   TRIM25 knockdown attenuates hyperglycemia-induced cel-
lular senescence in HRMECs. a and b Western blot analysis of 
p21. HRMECs were treated with TOE or vehicle controls for 72  h 
in NG or HG medium as indicated. c and d Cellular senescence 
detected by SA‐β‐Gal staining in HRMECs subjected to treatments 
(72  h) as indicated. Scale bar, 100  μm. e–g Western blot analysis 
of p21 and SIRT3. HRMECs were treated with shT or vehicle con-

trols in NG or HG medium for 72  h as indicated. h and i Cellular 
senescence detected by SA‐β‐Gal staining. HRMECs were treated 
with DMSO or SIRT3 inhibitor 3-TYP combined with shT or vehi-
cle controls for 72 h in NG or HG medium as indicated. Scale bar, 
100 μm. Each experiment was repeated independently at least three 
times. All results are displayed as means ± SD. *P < 0.05, **P < 0.01, 
***P < 0.001, ****P < 0.0001, one-way ANOVA analysis
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and SIRT3 in our results. Taking these into account, future stud-
ies need to address how TRIM25 knockdown enhanced the 
antioxidative ability of HRMECs under high glucose, such as 
by enhancing DNA repair and decreasing DNA damage. Fur-
thermore, given that TRIM25 is an E3 ubiquitin ligase, high-
sensitivity mass spectrometry followed by immunoprecipita-
tion using an anti-ubiquitin antibody may help reveal further 
potential molecular interaction with TRIM25.

Collectively, our study proposed that TRIM25 inhibition 
protected RMECs from high glucose by alleviating inflam-
mation mediated by TNF-α/NF-κB pathway, by attenuating 

cellular senescence via increasing SIRT3, and by relieving 
oxidative stress. Our results have underscored the broad pro-
tective effects of TRIM25 on hyperglycemia-induced injury 
in RMECs, which may provide a new therapeutic target for 
diabetic retinopathy.
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