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Abstract

Background: Hyperuricemic nephropathy is associated with mitochondrial dysfunction. Dynamin-related protein 1 (DRP1), a key reg-
ulator of mitochondrial fission, is activated under stress and translocates to the mitochondria, where it interacts with adapter proteins
such as mitochondrial fission 1 protein (FIS1), thereby promoting excessive mitochondrial fission and apoptosis. Recent research has
shown that inhibiting the DRP1/FIS1 interaction can reduce cellular injury in various disease models; however, its role in hyperuricemic
nephropathy is unclear. Methods: An in vitro model of hyperuricemic nephropathy was established by treating human renal tubular ep-
ithelial cells with uric acid (UA). Reverse transcription quantitative PCR and western blotting, and enzyme-linked immunosorbent assays
were used to quantify the mRNA and protein levels of the target molecules. A specific peptide inhibitor, P110, was used to disrupt the
binding between DRP1 and FIS1. Co-immunoprecipitation (Co-IP) was performed to confirm the interactions between DRP1 and FIS1.
Cell viability was assessed using propidium iodide staining and the Cell Counting Kit-8 assay. Results: UA significantly upregulated
DRP1 expression, activated DRP1, and promoted mitochondrial translocation. P110 inhibited DRP1/FIS1 binding, preventing DRP1
UA-induced mitochondrial translocation. Excessive mitochondrial fission, reactive oxygen species generation, release of inflammatory
factors, and apoptosis were significantly alleviated. In addition, inhibition of DRP1 mitochondrial translocation decreased the expression
of apoptosis-related markers and apoptosis. Conclusions: The overactivation of DRP1 is crucial for UA-induced renal tubular epithelial
cell injury. P110 exerts a cytoprotective effect by inhibiting the DRP1/FIS1 interaction and modulating the mitochondrial apoptotic
pathway. This study proposes a possible target for therapeutic intervention in the treatment of hyperuricemic nephropathy.
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1. Introduction creased apoptosis [7-10]. As an organ with high oxy-
gen consumption, the kidney’s tubular epithelial cells are
rich in mitochondria, which are highly susceptible to ox-
idative stress. UA can induce the overproduction of reac-
tive oxygen species (ROS), thereby disrupting mitochon-
drial function and establishing a vicious cycle of “ROS-
mitochondrial damage”, which significantly exacerbates re-
nal injury [11]. Hence, maintaining mitochondrial home-

ostasis is essential to alleviate UA-mediated renal pathol-
ogy.

Hyperuricemia is a chronic metabolic disorder caused
by the dysregulation of purine metabolism and/or impaired
uric acid excretion, and it shows abnormally high levels of
serum uric acid (UA) levels [1]. Persistent hyperuricemia
can result in secondary kidney injury, which may progress
to uric acid nephropathy [2—4]. With the increasing con-
sumption of high-purine foods, sugars, and alcohol, the in-
cidence of uric acid nephropathy is also increasing, posing
a substantial threat to public health, especially among adult
males in China [5,6]. Therefore, exploring the molecular

X : X ) - Mitochondria are highly dynamic organelles whose
mechanisms underlying UA-induced kidney injury and de-

morphology and function are precisely regulated by the bal-

vising effective intervention strategies is of great clinical
significance.

Recent studies have revealed that a hyperuricemic en-
vironment can trigger mitochondrial dysfunction, which
manifests as a decrease in the mitochondrial membrane
potential, abnormal mitochondrial morphology, and in-

ance between fusion and fission [ 12]. Dynamin-related pro-
tein 1 (DRP1) is a key molecule involved in regulating mi-
tochondrial fission [13]. The activity of DRP1 is mod-
ulated by various post-translational modifications. Phos-
phorylation at Ser616 activates DRP1 and facilitates its
binding to mitochondrial outer membrane receptors, such
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as mitochondrial fission 1 protein (FIS1) and mitochon-
drial fission factor (MFF), mediating DRP1 translocation
to the mitochondria and initiating fission [14,15]. Overac-
tivation of DRP1 can lead to mitochondrial fragmentation,
loss of membrane potential, ROS burst, impaired adenosine
triphosphate (ATP) synthesis, and further induce mitochon-
drial outer membrane permeabilization and Cytochrome C
(CYT C) release via B-cell lymphoma 2 (BCL-2) family
proteins (e.g., BCL2-associated X protein (BAX)), thus ac-
tivating downstream apoptotic pathways [16,17].

P110 is a specific peptide inhibitor that targets acti-
vated DRP1. It blocks the interaction between DRP1 and
FIS1, effectively inhibiting DRP1 mitochondrial transloca-
tion and overactivation [18]. This inhibitor is composed
of a seven-amino acid functional peptide fused with the
cell-penetrating transactivator of transcription (TAT, 47—
57) peptide, endowing it with high cell membrane perme-
ability, effective in vivo delivery, and no toxic side effects,
providing a solid basis for its therapeutic potential [18,19].
Previous studies have shown that P110 has protective ef-
fects in various disease models, including neurological dis-
orders, heart diseases, and cancer [20-23]. Additionally,
downregulation of DRP1 alleviates UA-induced renal in-
jury, suggesting that DRP1 may be a potential therapeutic
target in kidney diseases [24]. However, the specific role of
DRP1 overactivation in the pathogenesis of hyperuricemic
nephropathy and the corresponding interventional strate-
gies, especially the protective mechanism of P110-mediated
inhibition of the DRP1/FIS1 interaction in this model, re-
main to be clarified.

This study identifies the critical role of DRP1 over-
activation in the pathogenesis of hyperuricemic nephropa-
thy. Further investigation confirmed that P110, by specif-
ically inhibiting the DRP1/FIS1 interaction, effectively
blocked DRP1 overactivation and attenuated UA-induced
renal tubular epithelial cell apoptosis via the mitochondrial
pathway, demonstrating significant protective effects. This
study identified a potential molecular target for the treat-
ment of hyperuricemic nephropathy.

2. Materials and Methods
2.1 Cell Culturing and Handling

Human renal proximal tubular epithelial cells (HK-
2) were procured from Procell Life Science & Technology
Co., Ltd. (Wuhan, Hubei, China; Product No. CL-0109)
with accompanying official certificates for STR profiling
and mycoplasma-free status. To ensure ongoing quality,
we perform routine in-house testing using the BeyoDirect™
Mycoplasma qPCR Detection Kit (Beyotime, Shanghai,
China; Product No. C0303S); all results have been nega-
tive, consistent with the kit’s criteria (sample Ct >35). The
cells were cultured in HK-2 Cell Complete Medium (Pro-
cell, Wuhan, Hubei, China; Product No. CM-0109) at 37
°C in a humidified 5% CO5 incubator. The medium was
refreshed every three days, and the cells were passaged at

a 1:4 ratio upon reaching 80% confluence. To establish the
UA-injured cell model, HK-2 cells were seeded at an ap-
propriate density and exposed to UA (MedChemExpress,
MCE, Monmouth Junction, NJ, USA; Product No. HY-
B2130) for 36 h. In order to explore the function of ox-
idative stress in the injury induced by UA, HK-2 cells were
pre-treated. Specifically, they were incubated with the an-
tioxidant N-acetylcysteine amide (NACA; 1 mM; Sigma-
Aldrich, St. Louis, MO, USA; Product No. A0737) for
2 h before being co - exposed to UA (3 mM) for 36 h.
P110 peptides and the TAT fragment, synthesized by On-
tores Biotechnologies (Hangzhou, Zhejiang, China), were
administered at a final concentration of 1 uM three hours
prior to UA intervention.

2.2 CCK-8 Test

The viability of cells was evaluated using the Cell
Counting Kit-8 (CCK-8; Beyotime, Shanghai, China; Prod-
uct No. C0037). Cells were plated in 96-well plates (2000
cells/well), subjected to compounds at different concentra-
tions for specific time periods, and then each well was incu-
bated with 10 pL of CCK-8 reagent. After incubation, ab-
sorbance was measured at 450 nm using a microplate reader
(BioTek, Winooski, VT, USA).

2.3 ROS Measurement

Intracellular ROS levels were detected using 2’,7’-
dichlorodihydrofluorescein diacetate (DCFH-DA; Bey-
otime, Shanghai, China; Product No. S1105M). Cells were
incubated with DCFH-DA in serum-free medium for 30
minutes at 37 °C in the dark. After washing with PBS,
the fluorescence intensity was quantified using a microplate
reader (BioTek, Winooski, VT, USA) with excitation and
emission wavelengths set at 495/529 nm.

2.4 Propidium lodide (PI) Staining

Cell viability was evaluated by propidium iodide (PI;
Servicebio, Wuhan, Hubei, China; Product No. G1021)
staining. After treatments, cells were gently washed twice
with PBS and stained with PI solution (10 pg/mL in PBS)
for 10 minutes at room temperature in the dark. The nu-
clei were stained again with Hoechst 33342 (10 pg/mL;
Thermo Fisher Scientific, Waltham, MA, USA; Product No.
R37605). Fluorescent images were acquired using a Leica
STELLARIS 5 confocal laser-scanning microscope (Leica
Microsystems, Wetzlar, Germany).

2.5 RNA Isolation and Reverse Transcription-Quantitative
Polymerase Chain Reaction (RT-qPCR)

According to the manufacturer’s guidelines, total
RNA was extracted from cells using AG RNAex Pro
Reagent (Accurate Biotechnology, Changsha, Hunan,
China; Product No. AG21102). Complementary DNA
(cDNA) was synthesized from 1 pg total RNA with the Evo
M-MLV RT Premix (Accurate Biotechnology, Changsha,
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Hunan, China; Product No. AG11728). Quantitative PCR
(qPCR) was carried out on a QuantStudio 3 Real-Time PCR
System (Thermo Fisher Scientific, Waltham, MA, USA)
using the SYBR® Green Premix Pro Taq HS qPCR Kit (Ac-
curate Biotechnology, Changsha, Hunan, China; Product
No. AGI11718) and specific primers. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) served as an internal
reference. Gene expression levels were calculated by
the 272ACT method. The sequences of the primers used
were as follows: 5'-CCAGTGAAGCCGGTCAATCT-

3’ (F, DRP1); 5-GCTGCCGTGACAGAAAACAC-3/
(R, DRPl);  5-CTGAACGAGCTGGTGTCTGT-3'
(F, FISl);  5-GAACAGGGAAAGGACAGCGA-3'
(R, FIS1); 5'-AAAGATGGTGTGGCCGATGT-3' (F,
SOD2);  5-CAAGCCAAACGACTTCCAGC-3' (R,
SOD2);  5-GTGCCACCAAGTTCAAGCAG-3'  (F,
HO-1);  5-CACGCATGGCTCAAAAACCA-3 (R,
HO-1);  5-TGCTTACACTTACGCTGCCAT-3'  (F,
NQO-1); 5'-CCAGTGGTGATGGAAAGCAC-3' (R,
NQO-1);  5-CGGGAAGGTGAAGCGCAATG-3' (F,

MFN); 5'-CTGTCCAGCTCTGTGGTGAC-3' (R, MFN);

5'-CTGTGGCCTGGATAGCAGAA-3’ (F, OPAl);
5'-GCGAGGCTGGTAGCCATATT-3' (R, OPAl); 5'-
AATGGGCAGCCGTTAGGAAA-3’ (F, GAPDH);

5-TCGTGTTGCACTGGTTAAAGC-3’ (R, GAPDH).

2.6 Isolation of Cytosolic and Mitochondrial Fractions

Cytosolic and mitochondrial fractions were isolated
using a Mitochondria Isolation Kit (Thermo Fisher Scien-
tific, Waltham, MA, USA; Product No. 89874) following
the manufacturer’s protocol. Briefly, the cells were washed
with ice-cold PBS, resuspended in ice-cold mitochondrial
isolation buffer, and homogenized. The homogenate was
centrifuged at 800 x g for 10 min at 4 °C to pellet the nuclei
and unbroken cells. The supernatant was then centrifuged
at 15,000 x g for 10 min at 4 °C. The resulting supernatant
constituted the cytosolic fraction and the pellet contained
the mitochondrial fraction.

2.7 Protein Extraction and Detection

Total cellular protein was isolated by employing RIPA
lysis buffer (Thermo Fisher Scientific, Waltham, MA,
USA; Product No. 89901) that had been supplemented
with protease and phosphatase inhibitors (Sigma-Aldrich,
St. Louis, MO, USA; Product No. 78440). The con-
centration of the extracted protein was measured via the
Pierce BCA Protein Assay Kit (Thermo Fisher Scien-
tific, Waltham, MA, USA; Product No. 23227). Subse-
quently, equivalent quantities of the protein samples were
subjected to separation through sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) and then
transferred onto polyvinylidene difluoride (PVDF) mem-
branes. Membranes were blocked and probed with pri-
mary antibodies overnight at 4 °C in TBST (Tris-buffered
saline with 0.1% Tween-20). The blocking agent and di-
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lution buffer was 5% skim milk for all antibodies, ex-
cept for the anti-p-DRP1 (Ser616) antibody, for which 5%
BSA was used to minimize background. The primary anti-
bodies used were as follows: anti-GAPDH (1:5000, Pro-
teintech, Wuhan, Hubei, China; Product No. 60004-1-
Ig), anti-DRP1 (1:2000, Proteintech, Wuhan, Hubei, China;
Product No. 12957-1-AP), anti-p-DRP1 (Ser616; 1:1000,
Abcam, Cambridge, UK; Product No. Ab314755), anti-
COX IV (1:2000, Abcam, Cambridge, UK; Product No.
Ab202554), anti-FIS1 (1:2000, Proteintech, Wuhan, Hubei,
China; Product No. 10956-1-AP), anti-IL-15 (1:1000,
Cell Signaling Technology, Danvers, MA, USA; Prod-
uct No. 12703), anti-IL-18 (1:1000, Cell Signaling Tech-
nology, Danvers, MA, USA; Product No. 67775), anti-
BCL-2 (1:2000, Proteintech, Wuhan, Hubei, China; Prod-
uct No. 12789-1-AP), anti-BAX (1:5000, Proteintech,
Wuhan, Hubei, China; Product No. 60267-1-Ig), anti-
CYT C (1:2000, Proteintech, Wuhan, Hubei, China; Prod-
uct No. 10993-1-AP), anti-cleaved Caspase-3 (1:1000,
Proteintech, Wuhan, Hubei, China; Product No. 25128-
1-AP), and anti-cleaved Caspase-9 (1:1000, Cell Signal-
ing Technology, Danvers, MA, USA; Product No0.9509).
After that, the PVDF membranes were incubated with a
horseradish peroxidase (HRP)-conjugated secondary anti-
body (1:5000, Proteintech, Wuhan, Hubei, China; Prod-
uct No. SA00001-1 and SA00001-2) for at room temper-
ature 2 h. The protein bands were made visible using the
Thermo iBright CL1000 imaging system (Thermo Fisher
Scientific, Waltham, MA, USA) along with Pierce™ ECL
Western reagent (Thermo Fisher Scientific, Waltham, MA,
USA; Product No. 32209). The intensities of the bands
were quantified using ImagelJ software (version 1.46r, Na-
tional Institutes of Health, Bethesda, MD, USA), and all the
data were derived from a minimum of three independent ex-
perimental runs.

2.8 Co-Immunoprecipitation (Co-IP) Assay

Protein-protein interactions between DRP1 and FIS1
were assessed using the Pierce™ Classic IP Kit (Thermo
Fisher Scientific, Waltham, MA, USA; Product No.
88804). Briefly, the magnetic beads were washed and in-
cubated with anti-FIS1 antibody or control IgG for 60 min.
Cell lysates were introduced to antibody-bound beads and
subjected to an overnight incubation at 4 °C under contin-
uous rotation. Once the incubation period was completed,
the beads were washed, and the immunoprecipitated com-
plexes were then eluted. The existence of DRP1 within
the FIS1 immunoprecipitates was examined through SDS-
PAGE followed by Western blotting analysis.

2.9 Transmission Electron Microscopy (TEM)

Cells from each group were harvested by trypsiniza-
tion, pelleted by centrifugation, and fixed in 2.5% glu-
taraldehyde (Servicebio, Wuhan, Hubei, China; Product
No. G1102-100ML) for 3 h at 4 °C. Samples were then
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Fig. 1. UA triggers HK-2 cell injury, oxidative stress, and inflammatory response. (A) PI/Hoechst double-staining fluorescence
images showing cell membrane damage in the UA-treated group (3 mM) (PI red, nuclei blue). Scale bar: 50 pm. (B) Quantitative
analysis of Pl-positive cells/signals. (C) Quantitative results of intracellular ROS levels detected by DCFH-DA fluorescence probe. (D)
Protein expression levels of inflammatory factors IL-15 and IL-18 detected by ELISA. UA, Uric acid; HK-2, Human renal proximal
tubular epithelial cells; PI, Propidium iodide; ROS, Reactive oxygen species; DCFH-DA, 2°,7’-Dichlorodihydrofluorescein diacetate;
IL-1p, Interleukin-13; IL-18, Interleukin-18. The data are presented as the mean 4+ SD with a sample size of n = 3. Statistics were done
using Student’s #-test. **p < 0.01 and ***p < 0.001.

post-fixed in 1% osmium tetroxide in 0.1 M PBS (pH 7.4) tions (50 nm) were prepared, stained with uranyl acetate
for 2 h. After dehydration using a graded ethanol series, and lead citrate and examined under a transmission electron
the pellets were embedded in epoxy resin. Ultrathin sec-  microscope (Hitachi High Technologies, Tokyo, Japan).
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2.10 Mitochondrial Membrane Potential (AVYm)

Mitochondrial membrane potential was assessed us-
ing the potentiometric dye JC-1 (MCE, Monmouth Junc-
tion, NJ, USA; Product No. HY-15534). After treatments,
cells were incubated with 20 uM JC-1 in complete medium
for 20 minutes at 37 °C in a 5% CO- atmosphere. Cells
were washed with PBS, and JC-1 fluorescence (monomeric
form: green, Ex ~510 nm/Em ~527 nm; J-aggregates: red,
Ex ~585 nm/Em ~590 nm) was visualized and quantified
using a Leica STELLARIS 5 confocal microscope (Leica,
Wetzlar, Germany). The ratio of red to green fluorescence
intensity was calculated to determine AUm.

2.11 Mitochondrial DNA Copy Number

Total DNA was extracted from HK-2 cells using Qi-
agen DNeasy Blood and Tissue Kits (Product No. 69504;
Hilden, Germany) according to standard methods. To deter-
mine mitochondrial DNA (mtDNA) copy number, mtDNA
was quantified by normalizing the mitochondrial-encoded
gene ND1 to the nuclear-encoded gene B2M using RT-PCR
and the AACt method. The sequences of primer pairs
were as follows: 5-CCCTAAAACCCGCCACATCT-3’
(F, ND1); 5-GAGCGATGGTGAGAGCTAAGGT-3' (R,
ND1); 5'-GCTCGCGCTACTCTCTCTTT-3' (F, B2M); 5'-
TCATCCAATCCAAATGCGGC-3’ (R, B2M).

The mtDNA copy number was normalized to that of
B2M to calculate its relative value.

2.12 Enzyme-Linked Immunosorbent Assay (ELISA)

Concentrations of interleukin-15 (IL-15) and
interleukin-18 (IL-18) in the supernatants of cell cultures
were measured using commercially available ELISA
kits (Elabscience, Wuhan, Hubei, China; Product No.
E-EL-H0149 and E-EL-H0253) following the guidelines
provided by the manufacturer. Briefly, supernatants were
added to antibody-precoated wells and incubated for 1.5
hours at 37 °C. Once the washing step was completed,
the biotinylated detection antibody and the streptavidin-
biotin-peroxidase conjugate were added in a sequential
manner. The reaction was stopped after incubation with
the chromogenic substrate for 30 min. The absorbance at
450 nm was measured using a multifunctional microplate
reader (BioTek, Santa Clara, CA, USA).

2.13 Statistical Analysis

Data are presented as mean =+ standard deviation (SD).
Statistical analysis was performed using GraphPad Prism 8
(GraphPad Software, San Diego, CA, USA) with two-way
analysis of variance (ANOVA) followed by Bonferroni’s
test for multiple comparisons or Student’s #-test for com-
parison between two groups. All experiments were inde-
pendently replicated at least thrice. p < 0.05 was consid-
ered statistically significant.
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3. Results

3.1 UA Induces HK-2 Cell Injury and Activates Oxidative
Stress and Inflammatory Response

To establish a hyperuricemic cell injury model, HK-2
cells were subjected to different concentrations of UA (0,
1, 2, 3, and 4 mM) for a duration of 36 h. The CCK-8 as-
say was employed to evaluate the viability of the cells. The
data clearly demonstrated a dose-dependent decline in cell
viability as UA concentration increased (Supplementary
Fig. 1). Among the tested concentrations, treatment with
3 mM UA led to a reduction of cell viability by approxi-
mately 50%, which corresponded to the half-maximal in-
hibitory concentration. Therefore, this concentration was
selected for subsequent experiments, as it effectively rep-
resents a condition where significant cell injury is induced
while maintaining a measurable cell population for further
analysis.

Next, to evaluate the effect of UA on cell membrane
integrity, we compared the UA-treated group with the con-
trol group. Propidium iodide staining was used because PI
can only enter cells with compromised membranes. The re-
sults showed a marked increase in the number of PI-positive
cells in UA-treated groups (Fig. 1A,B). This substantial
increase in PI-positive cells clearly indicated that the cell
membranes in the UA-treated group were damaged, result-
ing in the loss of their normal barrier function.

In addition to cell membrane integrity, we investigated
oxidative stress and inflammatory responses. ROS levels
were measured, and the results showed a significant in-
crease in the UA-treated group compared to that in the con-
trol group (Fig. 1C). Moreover, the expression of inflam-
matory factors such as IL-13 and IL-18 was also signifi-
cantly upregulated (Fig. 1D). Collectively, these findings
confirmed the successful establishment of the UA-induced
HK-2 cell injury model, as the observed impairment of cell
membrane integrity, increased ROS levels, and upregula-
tion of inflammatory factors are all characteristic features
of cell injury.

To verify the pivotal role of oxidative stress in UA-
mediated injury, we used the antioxidant, NACA. As shown
in Supplementary Fig. 2A, UA treatment significantly
reduced HK-2 cell viability, whereas NACA pretreatment
(UA + NACA) markedly restored cell viability. NACA
alone did not exhibit cytotoxicity. Consistent with the vi-
ability assay results, UA stimulation led to a substantial
increase in intracellular ROS levels (Supplementary Fig.
2B). This oxidative burst was effectively suppressed by
NACA pretreatment. These results demonstrate that UA-
induced oxidative stress is the primary cause of cytotoxic-

ity.
3.2 UA Treatment Promotes DRP1 Activation and
Mitochondrial Translocation

To further explore the mechanisms underlying UA-
induced cell injury, we focused on mitochondrial dynam-
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Fig. 2. UA promotes DRP1 activation and mitochondrial translocation. (A) RT-qPCR detection of DRPI and FIS] mRNA expres-
sion levels. (B) Western blot detection of total DRP1 and phosphorylated DRP1 (p-DRP1 Ser616) protein expression. (C,D) Quantitative
analysis of DRP1 and p-DRP1 protein expression in (B). (E) Western blot detection of DRP1 enrichment in the mitochondrial fraction.

(F,G) Quantitative analysis of DRP1 distribution in cytosolic and mitochondrial fractions. UA, Uric acid; DRP1, Dynamin-related protein

1; RT-qPCR, Reverse transcription quantitative polymerase chain reaction; FIS1, Mitochondrial fission 1 protein; p-DRP1, Phosphory-

lated DRP1. The data are presented as the mean £ SD with a sample size of n = 3. Statistics were done using Student’s ¢-test. *p < 0.05,

**p < 0.01, and #not significant.

ics, specifically the role of DRP1, a key regulator of mi-
tochondrial fission. RT-qPCR was performed to examine
the mRNA expression levels of DRP1 and FIS1. The re-
sults revealed that UA treatment significantly upregulated
the mRNA expression of both DRP1 and FIS1 (Fig. 2A),
suggesting that UA initiates mitochondrial fission at the
transcriptional level.

At the protein level, Western blot analysis was carried
out to assess the expression of total DRP1 and its activated
form, phosphorylated DRP1 at Ser616 (p-DRP1 Ser616).
These results indicated that UA treatment significantly in-
creased the expression of both total DRP1 and p-DRP1
Ser616. Notably, the increase in p-DRP1 Ser616 was more
pronounced than that in total DRP1 (Fig. 2B-D). This dif-
ferential increase suggests that UA not only enhances the
overall expression of DRP1, but also promotes its activa-
tion, which is crucial for its function in mitochondrial fis-
sion.

Since the activation of DRP1 is known to mediate
its translocation to the mitochondria, we investigated the
subcellular distribution of DRP1. Cellular fractionation,
a technique that separates cellular compartments based on
their physical properties, was combined with Western blot

analysis. This approach allowed quantification of DRP1
in the mitochondrial fraction. The outcomes indicated that
UA treatment notably enhanced the enrichment of DRP1
in mitochondria (Fig. 2E—G). This finding provides direct
evidence that UA treatment promotes the mitochondrial
translocation of DRP1, which is likely to be of crucial im-
portance in the mitochondrial fission event and contribute
to UA-induced cell injury.

3.3 P110 Inhibits DRP1/FISI Interaction and Ameliorates
UA-Induced Cell Injury

To explore the significance of the DRP1/FIS1 interac-
tion in UA-induced cell injury, we used the specific pep-
tide inhibitor P110. Co-IP assays were carried out, and
the results clearly demonstrated that P110 treatment effec-
tively inhibited the UA-induced protein interaction between
DRP1 and FIS1 (Fig. 3A,B). This finding serves as an initial
indication that P110 can disrupt relevant molecular interac-
tions associated with cell injury.

Subsequently, we investigated the impact of P110 on
the intracellular distribution of DRP1. Western blot analy-
sis revealed that P110 did not affect the total expression of
DRPI1. However, it significantly reduced the distribution
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ANOVA followed by Bonferroni’s test. *p < 0.05, **p < 0.01, and *not significant.

of DRP1 in the mitochondrial fraction (Fig. 3C—E). This
reduction in mitochondrial DRP1 levels indicates that P110
effectively blocks the mitochondrial translocation of DRP1,
which is likely to be an important step in alleviating UA-
induced cell injury.

In terms of cellular function, the P110 treatment had
a significant positive effect on cell viability. As shown in
Fig. 4A, P110 significantly improved the UA-induced re-
duction in cell viability, suggesting a cytoprotective effect.
In the context of oxidative stress, P110 effectively counter-
acted UA-induced excessive ROS induced by UA stimu-
lation (Fig. 4B). Moreover, it significantly upregulated the
expression of antioxidant enzymes including SOD2, HO-1,
and NQO1 (Fig. 4C). These changes in antioxidant enzyme
expression imply enhanced cellular antioxidant defense ca-
pacity, which is crucial for cell survival under oxidative
stress conditions.
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Additionally, P110 treatment had a notable effect on
the inflammatory response. It markedly suppressed the up-
regulation of inflammatory factors such as IL-15 and IL-18
(Fig. 4D,E). In contrast, the control peptide, TAT, did not
produce these protective effects. Collectively, these results
strongly suggest that P110 can effectively alleviate UA-
induced oxidative stress, inflammatory responses, and cell
injury by specifically inhibiting DRP1/FIS1 interaction.

3.4 P110 Restores Mitochondrial Fusion and
Mitochondrial Homeostasis

To gain an in-depth understanding of the cytoprotec-
tive mechanism of P110, we focused on its regulatory ef-
fects on mitochondrial homeostasis. RT-qPCR was per-
formed to examine the expression of mitochondrial fusion
proteins. The results showed that P110 treatment signif-
icantly reversed UA-induced downregulation of the mito-
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of n = 3. Statistics were done using two-way ANOVA followed by Bonferroni’s test. *p < 0.05, **p < 0.01, ***p < 0.001, and “not

significant.

chondrial fusion proteins MFN2 and OPA1 (Fig. 5A). This
restoration of fusion protein expression indicates that P110
may play a role in promoting mitochondrial fusion, which
is an important aspect of mitochondrial dynamics.

Transmission electron microscopy was used to di-
rectly observe morphological changes in the mitochondria.
The images revealed that P110 intervention markedly al-
leviated UA-induced mitochondrial fragmentation and ef-
fectively increased mitochondrial length (Fig. 5B,C). These

morphological changes suggest that P110 can improve the
mitochondrial structure, which is closely related to its func-
tion.

Furthermore, we evaluated the effects of P110 on
A¥m and mtDNA content. P110 treatment effectively re-
stored the mitochondrial membrane potential (Fig. 5D,E)
and increased mtDNA content (Fig. 5F). These results
indicate that P110, through specifically inhibiting the
DRP1/FIS1 interaction and reducing DRP1 mitochondrial
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translocation, can improve mitochondrial dynamics and 3.5 P110 Inhibits Mitochondrial-Mediated Apoptosis
maintain the structural and functional integrity of mitochon-

dria. Mitochondrial dysfunction is a key event in intrin-

sic apoptotic pathway. To determine whether P110 ex-
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erts its protective effects via this pathway, we exam-
ined mitochondria-mediated apoptosis-related indicators.
Western blotting was performed to assess the expression
of apoptosis-related proteins. The results showed that
UA treatment significantly upregulated the expression of
pro-apoptotic proteins including BAX, CYT C, cleaved
Caspase-9, and cleaved Caspase-3, and concurrently down-
regulated the level of the anti-apoptotic protein BCL-2.
However, P110 treatment reversed these abnormal expres-
sion patterns (Fig. 6A,B).

To further confirm the anti-apoptotic effect of P110,
apoptosis was detected using PI staining. The results
showed that P110 treatment significantly reduced UA-
induced apoptosis (Fig. 6C,D). These findings suggest that
P110 attenuates mitochondria-mediated apoptosis by in-
hibiting DRP1/FIS1 interaction, thereby protecting against
UA-induced renal tubular epithelial cell injury.

In summary, this study comprehensively demon-
strated that P110 can specifically inhibit the DRP1/FIS1 in-
teraction, which in turn leads to a series of beneficial effects,
including the alleviation of oxidative stress, restoration of
mitochondrial homeostasis, and inhibition of apoptosis, ul-
timately protecting cells from UA-induced injury.

4. Discussion

This study comprehensively explored the pivotal role
and molecular mechanisms of DRP1-mediated imbalance
in mitochondrial dynamics during UA-induced injury of re-
nal tubular epithelial cells. The key findings were as fol-
lows: (1) UA treatment notably enhanced DRP1 expres-
sion, activation, and mitochondrial translocation; (2) the
interaction between DRP1 and FIS1 mediated UA-induced
excessive mitochondrial fission, ROS production, and the
inflammatory response; and (3) blocking this interaction
with the specific inhibitor P110 effectively preserved mito-
chondrial homeostasis and suppressed cell apoptosis, thus
exerting renal protective effects.

Numerous studies have established a strong associa-
tion between mitochondrial dysfunction and development
and progression of hyperuricemic nephropathy [7,25,26].
This study further linked this pathological process to DRP1-
mediated excessive mitochondrial fission. After UA treat-
ment, we observed that DRP1 was phosphorylated and ac-
tivated at Ser616, translocated to the mitochondria, and
bound to the receptor FIS1, resulting in mitochondrial frag-
mentation (Figs. 2,5). This finding is consistent with reports
on neurodegenerative diseases and cancer, suggesting that
abnormal DRP1 activation is a common pathway in diverse
cellular stress responses [20,23].

Notably, a recent study by Wu demonstrated that the
traditional Chinese medicine compound shizhifang ame-
liorated hyperuricemia-induced renal tubular injury and
maintained mitochondrial homeostasis by inhibiting DRP1-
mediated mitochondrial fission [24]. This result is consis-
tent with the conclusions of our study and highlights the
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significance of DRP1 as a crucial therapeutic target for hy-
peruricemic nephropathy.

Excessive mitochondrial fission not only impairs en-
ergy metabolism, but also promotes substantial ROS pro-
duction, disrupts the oxidative/antioxidant balance, forms
a vicious cycle, and exacerbates cellular damage. In this
study, we confirmed that P110 treatment significantly up-
regulated the antioxidant enzymes expression, for instance,
SOD2, HO-1, and NQOI1 (Fig. 3C). This suggests that
by maintaining mitochondrial structural integrity, P110
indirectly enhances cellular antioxidant defense capacity,
thereby interrupting the positive feedback loop of UA-
induced oxidative stress.

More importantly, this study revealed the complete
signaling axis from DRP1 activation to apoptosis. Mito-
chondria serve not only as energy-producing organelles, but
also as integration centers for apoptotic signals. Our re-
sults showed that by inhibiting the DRP1/FIS1 interaction,
P110 stabilized the mitochondrial membrane potential, de-
creased the release of CYT C, and consequently suppressed
the downstream activation of Caspase-9 and Caspase-3,
and modulated the BCL-2/BAX balance (Fig. 6). This
clearly demonstrates that the protective effect of P110 was
achieved by interfering with the mitochondrial apoptotic
signal transduction pathway.

Wu et al. [24] also reported improved expression of
apoptosis-related proteins after shizhifang treatment in an
animal model, further supporting the generalizability of tar-
geting the DRP1-mitochondria-apoptosis axis to alleviate
hyperuricemic renal injury. Additionally, recent research
has reported a direct molecular interaction between DRP1
and the pro-apoptotic protein BAX [27]. Activated DRP1
can directly bind to BAX and induce its conformational ac-
tivation and oligomerization, leading to mitochondrial outer
membrane permeabilization and CYT C release, ultimately
triggering apoptosis. Therefore, the protective effect of
P110 may not be limited to inhibition of mitochondrial frag-
mentation. By preventing DRP1 recruitment to the mito-
chondria, P110 likely blocks the direct activation of BAX
by DRP1, a key apoptosis-inducing pathway, thereby sup-
pressing the initiation of mitochondrial apoptosis at its ori-
gin. This provided a novel mechanistic explanation for the
potent cytoprotective effects of P110.

The primary innovation of this study is the first-time
validation of the therapeutic potential of P110 in a model of
hyperuricemic nephropathy. As a peptide inhibitor target-
ing the DRP1/FIS1 interaction, P110 has advantages, such
as high specificity, efficient cell membrane penetration, and
effective in vivo delivery. The results of this study are
in line with those of previous reports, indicating that the
downregulation of DRP1 expression protects against hy-
peruricemic renal injury. Moreover, this study further re-
fines the intervention strategy at the “protein interaction”
level, providing a more precise target for the development
of novel therapeutic drugs.
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Our study found that UA concurrently upregulated
DRP1 and FIS1, suggesting a coordinated cellular response
to fission stress, as evidenced by their reported functional
coupling [28]. We focused on DRP1 because it is a cen-
tral fission effector and its phosphorylation at Ser616 is a
key regulatory event that directly governs mitochondrial
translocation. This focus aligned with our aim to evalu-
ate P110, a specific inhibitor of the DRP1/FISI interac-
tion. Our results confirmed that disrupting this interaction
with P110 was sufficient to mitigate fission and apopto-
sis. Although genetic knockdown of DRP1 or FISI of-
fers deeper mechanistic insights, as supported by studies
in which DRP1 knockdown alleviated UA-induced injury
[24,29] and FIS1 modulation was protective in other mod-
els [29], our work demonstrates that pharmacologically tar-
geting the DRP1/FIS1 complex with P110 is a viable and
effective therapeutic strategy for hyperuricemic nephropa-
thy.

However, this study had certain limitations. First, the
study was restricted to HK-2 cells. The therapeutic poten-
tial and pharmacokinetic profile of P110 requires further
investigation using in vivo preclinical models and future
clinical studies. Second, DRP1 activation involves various
upstream regulatory kinases (e.g., CDK1 and ERK), and
the specific signaling pathway through which UA triggers
DRP1 phosphorylation requires further investigation.

5. Conclusion

In this study, we successfully established a renal tubu-
lar epithelial cell injury in uric acid nephropathy by treat-
ing HK-2 cells with UA. Exposure to UA led to the up-
regulation and phosphorylation (at Ser616) of DRP1, pro-
moting its mitochondrial translocation, which subsequently
induced excessive mitochondrial fission, ROS burst, in-
flammatory response, and cell apoptosis. In contrast, treat-
ment with the specific peptide inhibitor P110 effectively in-
hibited the interaction between DRP1 and FIS1, blocking
DRP1 mitochondrial translocation. This action alleviates
mitochondrial fragmentation, restores mitochondrial mem-
brane potential, and enhances antioxidant capacity. P110
significantly improves UA-induced cell injury by inhibit-
ing mitochondria-mediated apoptosis. These results indi-
cate that DRP1 overactivation is a key molecular event in
the process of UA-induced injury of renal tubular epithe-
lial cells and that targeted inhibition of the DRP1/FISI in-
teraction provides a potential strategy for the treatment of
hyperuricemic nephropathy.

Abbreviations

UA, uric acid; Co-IP, co-immunoprecipitation; ROS,
reactive oxygen species; DRP1, dynamin-related protein
1; CYT C, cytochrome C; BAX, BCL-2-associated X
protein; TAT, transactivator of transcription; NACA, N-
acetylcysteine; HK-2, human renal proximal tubular epithe-
lial cells; MCE, MedChemExpress; CCK-8, Cell Counting

12

Kit-8; DCFH-DA, 2’,7’-dichlorodihydrofluorescein diac-
etate; PI, propidium iodide; cDNA, complementary DNA;
qPCR, quantitative polymerase chain reaction; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase; TEM, trans-
mission electron microscopy; ELISA, enzyme-linked im-
munosorbent assay.

Availability of Data and Materials

All data and materials are available from the corre-
sponding author upon reasonable request.

Author Contributions

YS, GH, and CL designed the experiments. YL and
CL performed the experiments. YS, GH, and YL analyzed
the data. FP, JL, and ZM contributed to data interpretation
and manuscript revising. YS and ZM wrote the paper. All
authors contributed to editorial changes in the manuscript.
All authors read and approved the final manuscript. All au-
thors have participated sufficiently in the work and agreed
to be accountable for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment

We thank Mrs. Lei Zhang from Longgang District
People’s Hospital of Shenzhen for her administrative assis-
tance.

Funding

This work was supported by the Longgang District
Science and Technology Innovation Special Fund of Shen-
zhen (LGWJ2022-31). This work was supported by the
Longgang Medical Discipline Construction Fund.

Conflict of Interest

The authors declare no conflicts of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
31083/FBL46700.

References

[1] Grayson PC, Kim SY, LaValley M, Choi HK. Hyperuricemia and
incident hypertension: a systematic review and meta-analysis.
Arthritis Care & Research. 2011; 63: 102—110. https://doi.org/
10.1002/acr.20344.

[2] Ma Q, Immler R, Pruenster M, Sellmayr M, Li C, von Brunn A,
et al. Soluble uric acid inhibits 82 integrin-mediated neutrophil
recruitment in innate immunity. Blood. 2022; 139: 3402-3417.
https://doi.org/10.1182/blood.2021011234.

[3] Roughley MJ, Belcher J, Mallen CD, Roddy E. Gout and risk
of chronic kidney disease and nephrolithiasis: meta-analysis of

&% IMR Press


https://doi.org/10.31083/FBL46700
https://doi.org/10.31083/FBL46700
https://doi.org/10.1002/acr.20344
https://doi.org/10.1002/acr.20344
https://doi.org/10.1182/blood.2021011234
https://www.imrpress.com

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

observational studies. Arthritis Research & Therapy. 2015; 17:
90. https://doi.org/10.1186/s13075-015-0610-9.

Sato Y, Feig DI, Stack AG, Kang DH, Lanaspa MA, Ejaz AA,
et al. The case for uric acid-lowering treatment in patients with
hyperuricaemia and CKD. Nature Reviews. Nephrology. 2019;
15: 767-775. https://doi.org/10.1038/s41581-019-0174-z.
Johnson RJ, Sanchez Lozada LG, Lanaspa MA, Piani F, Borghi
C. Uric Acid and Chronic Kidney Disease: Still More to Do.
Kidney International Reports. 2022; 8: 229-239. https://doi.or
2/10.1016/j.ekir.2022.11.016.

Zhang M, Zhu X, Wu J, Huang Z, Zhao Z, Zhang X, et al.
Prevalence of Hyperuricemia Among Chinese Adults: Findings
From Two Nationally Representative Cross-Sectional Surveys
in 2015-16 and 2018-19. Frontiers in Immunology. 2022; 12:
791983. https://doi.org/10.3389/fimmu.2021.791983.

Choe JY, Park KY, Kim SK. Oxidative stress by monosodium
urate crystals promotes renal cell apoptosis through mitochon-
drial caspase-dependent pathway in human embryonic kidney
293 cells: mechanism for urate-induced nephropathy. Apopto-
sis: an International Journal on Programmed Cell Death. 2015;
20: 38—49. https://doi.org/10.1007/s10495-014-1057-1.

Che R, Yuan Y, Huang S, Zhang A. Mitochondrial dysfunction
in the pathophysiology of renal diseases. American Journal of
Physiology. Renal Physiology. 2014; 306: F367-F378. https://
doi.org/10.1152/ajprenal.00571.2013.

Sanchez-Lozada LG, Lanaspa MA, Cristobal-Garcia M, Garcia-
Arroyo F, Soto V, Cruz-Robles D, et al. Uric acid-induced
endothelial dysfunction is associated with mitochondrial alter-
ations and decreased intracellular ATP concentrations. Nephron.
Experimental Nephrology. 2012; 121: e71-e78. https://doi.org/
10.1159/000345509.

Qiao P, Sun Y, Wang Y, Lin S, An Y, Wang L, ef al. Activation
of NRF2 Signaling Pathway Delays the Progression of Hyper-
uricemic Nephropathy by Reducing Oxidative Stress. Antioxi-
dants (Basel, Switzerland). 2023; 12: 1022. https://doi.org/10.
3390/antiox12051022.

Huang MLH, Chiang S, Kalinowski DS, Bae DH, Sahni S,
Richardson DR. The Role of the Antioxidant Response in Mi-
tochondrial Dysfunction in Degenerative Diseases: Cross-Talk
between Antioxidant Defense, Autophagy, and Apoptosis. Ox-
idative Medicine and Cellular Longevity. 2019; 2019: 6392763.
https://doi.org/10.1155/2019/6392763.

Detmer SA, Chan DC. Functions and dysfunctions of mitochon-
drial dynamics. Nature Reviews. Molecular Cell Biology. 2007
8: 870-879. https://doi.org/10.1038/nrm2275.

Chan DC. Mitochondria: dynamic organelles in disease, aging,
and development. Cell. 2006; 125: 1241-1252. https://doi.org/
10.1016/5.cell.2006.06.010.

Chang CR, Blackstone C. Dynamic regulation of mitochon-
drial fission through modification of the dynamin-related pro-
tein Drpl. Annals of the New York Academy of Sciences. 2010;
1201: 34-39. https://doi.org/10.1111/j.1749-6632.2010.05629.
X.

Loson OC, Song Z, Chen H, Chan DC. Fisl, Mff, MiD49,
and MiD51 mediate Drpl recruitment in mitochondrial fission.
Molecular Biology of the Cell. 2013; 24: 659—667. https://doi.
org/10.1091/mbc.E12-10-0721.

Estaquier J, Arnoult D. Inhibiting Drp1-mediated mitochondrial
fission selectively prevents the release of cytochrome ¢ during
apoptosis. Cell Death and Differentiation. 2007; 14: 1086—1094.
https://doi.org/10.1038/sj.cdd.4402107.

&% IMR Press

[17]

(18]

[19]

[20]

(21]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Cassidy-Stone A, Chipuk JE, Ingerman E, Song C, Yoo C,
Kuwana T, ef al. Chemical inhibition of the mitochondrial divi-
sion dynamin reveals its role in Bax/Bak-dependent mitochon-
drial outer membrane permeabilization. Developmental Cell.

2008; 14: 193-204. https://doi.org/10.1016/j.devcel.2007.11.
019.

Qi X, Qvit N, Su YC, Mochly-Rosen D. A novel Drpl in-
hibitor diminishes aberrant mitochondrial fission and neurotox-
icity. Journal of Cell Science. 2013; 126: 789-802. https://doi.
org/10.1242/jcs.114439.

Guo X, Disatnik MH, Monbureau M, Shamloo M, Mochly-
Rosen D, Qi X. Inhibition of mitochondrial fragmentation di-
minishes Huntington’s disease-associated neurodegeneration.
The Journal of Clinical Investigation. 2013; 123: 5371-5388.
https://doi.org/10.1172/JC170911.

Rappold PM, Cui M, Grima JC, Fan RZ, de Mesy-Bentley
KL, Chen L, et al. Drpl inhibition attenuates neurotoxicity
and dopamine release deficits in vivo. Nature Communications.
2014; 5: 5244. https://doi.org/10.1038/ncomms6244.

Luo F, Herrup K, Qi X, Yang Y. Inhibition of Drpl hyper-
activation is protective in animal models of experimental multi-
ple sclerosis. Experimental Neurology. 2017; 292: 21-34. https:
//doi.org/10.1016/j.expneurol.2017.02.015.

Disatnik MH, Ferreira JCB, Campos JC, Gomes KS, Dourado
PMM, Qi X, et al. Acute inhibition of excessive mitochondrial
fission after myocardial infarction prevents long-term cardiac
dysfunction. Journal of the American Heart Association. 2013;
2: €000461. https://doi.org/10.1161/JAHA.113.000461.

Xie Q, Wu Q, Horbinski CM, Flavahan WA, Yang K, Zhou W,
et al. Mitochondrial control by DRP1 in brain tumor initiating
cells. Nature Neuroscience. 2015; 18: 501-510. https://doi.org/
10.1038/nn.3960.

Wu Z, Zhou Y, Yang F, Wang L, Wu F, Liu W, et al. Shizhi-
fang alleviates hyperuricemia -induced renal injury by inhibiting
Drpl and maintaining mitochondrial homeostasis in renal tubu-
lar epithelial cells. Journal of Ethnopharmacology. 2025; 351:
120084. https://doi.org/10.1016/j.jep.2025.120084.
Cristobal-Garcia M, Garcia-Arroyo FE, Tapia E, Osorio H,
Arellano-Buendia AS, Madero M, et al. Renal oxidative stress
induced by long-term hyperuricemia alters mitochondrial func-
tion and maintains systemic hypertension. Oxidative Medicine
and Cellular Longevity. 2015; 2015: 535686. https://doi.org/10.
1155/2015/535686.

Verzola D, Ratto E, Villaggio B, Parodi EL, Pontremoli R, Gari-
botto G, et al. Uric acid promotes apoptosis in human proximal
tubule cells by oxidative stress and the activation of NADPH
oxidase NOX 4. PloS One. 2014; 9: el15210. https://doi.org/
10.1371/journal.pone.0115210.

Jenner A, Pefia-Blanco A, Salvador-Gallego R, Ugarte-Uribe B,
Zollo C, Ganief T, et al. DRP1 interacts directly with BAX to
induce its activation and apoptosis. The EMBO Journal. 2022;
41: ¢108587. https://doi.org/10.15252/embj.2021108587.

Ding XQ, Jian TY, Gai YN, Niu GT, Liu Y, Meng XH, ef al.
Chicoric Acid Attenuated Renal Tubular Injury in HFD-Induced
Chronic Kidney Disease Mice through the Promotion of Mi-
tophagy via the Nrf2/PINK/Parkin Pathway. Journal of Agricul-
tural and Food Chemistry. 2022; 70: 2923-2935. https://doi.or
2/10.1021/acs.jafc.1c07795.

Kim D, Sankaramoorthy A, Roy S. Downregulation of Drp1 and
Fis1 Inhibits Mitochondrial Fission and Prevents High Glucose-
Induced Apoptosis in Retinal Endothelial Cells. Cells. 2020; 10;
9: 1662. https://doi.org/10.3390/cells9071662.

13


https://doi.org/10.1186/s13075-015-0610-9
https://doi.org/10.1038/s41581-019-0174-z
https://doi.org/10.1016/j.ekir.2022.11.016
https://doi.org/10.1016/j.ekir.2022.11.016
https://doi.org/10.3389/fimmu.2021.791983
https://doi.org/10.1007/s10495-014-1057-1
https://doi.org/10.1152/ajprenal.00571.2013
https://doi.org/10.1152/ajprenal.00571.2013
https://doi.org/10.1159/000345509
https://doi.org/10.1159/000345509
https://doi.org/10.3390/antiox12051022
https://doi.org/10.3390/antiox12051022
https://doi.org/10.1155/2019/6392763
https://doi.org/10.1038/nrm2275
https://doi.org/10.1016/j.cell.2006.06.010
https://doi.org/10.1016/j.cell.2006.06.010
https://doi.org/10.1111/j.1749-6632.2010.05629.x
https://doi.org/10.1111/j.1749-6632.2010.05629.x
https://doi.org/10.1091/mbc.E12-10-0721
https://doi.org/10.1091/mbc.E12-10-0721
https://doi.org/10.1038/sj.cdd.4402107
https://doi.org/10.1016/j.devcel.2007.11.019
https://doi.org/10.1016/j.devcel.2007.11.019
https://doi.org/10.1242/jcs.114439
https://doi.org/10.1242/jcs.114439
https://doi.org/10.1172/JCI70911
https://doi.org/10.1038/ncomms6244
https://doi.org/10.1016/j.expneurol.2017.02.015
https://doi.org/10.1016/j.expneurol.2017.02.015
https://doi.org/10.1161/JAHA.113.000461
https://doi.org/10.1038/nn.3960
https://doi.org/10.1038/nn.3960
https://doi.org/10.1016/j.jep.2025.120084
https://doi.org/10.1155/2015/535686
https://doi.org/10.1155/2015/535686
https://doi.org/10.1371/journal.pone.0115210
https://doi.org/10.1371/journal.pone.0115210
https://doi.org/10.15252/embj.2021108587
https://doi.org/10.1021/acs.jafc.1c07795
https://doi.org/10.1021/acs.jafc.1c07795
https://doi.org/10.3390/cells9071662
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Cell Culturing and Handling
	2.2 CCK-8 Test
	2.3 ROS Measurement
	2.4 Propidium Iodide (PI) Staining
	2.5 RNA Isolation and Reverse Transcription-Quantitative Polymerase Chain Reaction (RT-qPCR)
	2.6 Isolation of Cytosolic and Mitochondrial Fractions
	2.7 Protein Extraction and Detection
	2.8 Co-Immunoprecipitation (Co-IP) Assay
	2.9 Transmission Electron Microscopy (TEM)
	2.10 Mitochondrial Membrane Potential (m)
	2.11 Mitochondrial DNA Copy Number
	2.12 Enzyme-Linked Immunosorbent Assay (ELISA)
	2.13 Statistical Analysis

	3. Results
	3.1 UA Induces HK-2 Cell Injury and Activates Oxidative Stress and Inflammatory Response
	3.2 UA Treatment Promotes DRP1 Activation and Mitochondrial Translocation
	3.3 P110 Inhibits DRP1/FIS1 Interaction and Ameliorates UA-Induced Cell Injury
	3.4 P110 Restores Mitochondrial Fusion and Mitochondrial Homeostasis
	3.5 P110 Inhibits Mitochondrial-Mediated Apoptosis 

	4. Discussion
	5. Conclusion
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

