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Abstract

Dyslipidemia is a common risk factor of chronic kidney disease (CKD). Current notion suggests that insufficient
intracellular fatty acid oxidation (FAO) and subsequently enhanced fatty acid esterification within renal resident cells,
a process termed as renal lipotoxicity, is the key pathogenic event responsible for dyslipidemia-induced kidney
injury. However, the detailed mechanism is not fully elucidated. Recently, accumulating data indicated that acetyla-
tion modification is an important regulating manner for both mitochondrial function and energy metabolism, while
whether acetylation modification is involved in renal lipotoxicity is of little known. In the present study, the
expression level of global lysine acetylation was detected by immunohistochemistry in high-fat diet mice and
western blot in palmitic acid (PA) stimulated HK-2 cells. The acetylation levels of long-chain acyl-CoA dehydro-
genases (LCAD) and p-hydroxyacyl-CoA dehydrogenase (3-HAD) were measured by immunoprecipitation. And a
multifunction microplate reader was applied to detect FAO rate, triglyceride and acyl-CoA contents, and the enzyme
activities, with cellular lipid accumulation identified by Oil Red O staining. We evidenced the acetylation levels of
LCAD and (3-HAD that were enhanced, which led to decreased enzymatic activities and impaired FAO rate.
Furthermore, renal protein hyperacetylation induced by lipid overload was associated with increased expression of
GCNSL1. And the silence of GCNSLI in tubular epithelial cells resulted in deacetylation and activation of LCAD
and 3-HAD. Finally, excess lipids induced lipotoxicity and epithelial-mesenchymal transition (EMT) were amelio-
rated by GCNS5L1 suppression, suggesting GCN5L1-mediated mitochondrial LCAD and 3-HAD acetylation might be
a key pathogenic event underlying excess lipids induced FAO impairment.
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Keypoints

1. GCNSL1 is increased both in vivo and in vitro under
excess lipids conditions.

2. The acetylation of LCAD and 3-HAD are enhanced,
along with impaired FAO rate.

3. GCNS5L1 promotes the acetylation but decreased the ac-
tivities of LCAD and (3-HAD.

4. GCNSLI increases lipotoxicity and EMT by promoting
LCAD and (3-HAD acetylation.

Introduction

As the common clinic complication of CKD such as
nephrotic syndrome and diabetic nephropathy, dyslipid-
emia also act as a pathogenic factor in propelling pro-
gressive kidney injury [6]. Current notion suggest that
long-term systemic lipid metabolism disturbance might
induce the ectopic accumulation of intracellular lipid
within kidney resident cells, accordingly impairing their
morphology and function and ultimately leading to kid-
ney fibrosis, a process termed as lipotoxicity [17, 25].
During this pathogenesis, insufficient mitochondrial
FAO was proposed as the key event. Ample studies,
as well as our previous, have clearly demonstrated that
inhibiting mitochondrial FAO could induce morphologi-
cal and functional injuries on several types of kidney
resident cells, while enhancing FAO has protective ef-
fects [8, 12, 24]. However, the detailed mechanisms
responsible for dyslipidemia induced impairment of
FAO are not fully understood, and efficient intervening
method aiming at renal lipotoxicity is lacking yet.

In recent years, acetylation modification has emerged
as a crucial regulating manner for mitochondrial func-
tion [8, 26]. Over 60% of mitochondrial proteins have
been demonstrated to be acetylated, including those in-
volved in energy metabolism and mitochondrial turnover
[7, 16]. Furthermore, acetylation has also been proposed
as one major adapting mechanism for mitochondria in
sensing nutrients challenges, as nutrients oversupply
leads to mitochondrial hyperacetylation, while insuffi-
cient nutrient availability results in decreased mitochon-
drial acetylation level [13, 18]. To some extent, renal
lipotoxicity is also a status of nutrient oversupply, while
the role of mitochondrial acetylation in the pathogenesis
of renal lipotoxicity and potential interventional target
need to be elucidated.

GCNSL1 has recently been identified as an essential com-
ponent of the mitochondrial acetyltransferase machinery,
which has been shown to counter the activity of the mitochon-
drial deacetylase protein SIRT3 [20]. In the current study, we
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aimed to explore the impacts of GCN5L1 on lipid nephrotox-
icity by regulating acetylation of FAO enzymes. Our research
found that GCNS5L1 could attenuate FAO by acetylating the
key enzymes of FAO under high-fat conditions in tubular
cells, thus may not only shed new light on the understanding
for CKD caused by over nutrients but also hint GCN5SL1 as a
key intervention targets in CKD.

Materials and methods
Cell culture and treatment

Human renal tubular epithelial cells (HK-2) were purchased
from American Type Culture Collection (Rockville, MD,
USA) and cultured in low glucose DMEM medium (Gibco,
USA) with 10% fetal bovine serum (Gibco, USA) in a humid-
ified atmosphere of 5% CO2 at 37 °C. Two groups of culture
conditions were investigated, which were treated with
200 uM PA (Sigma, coupled to BSA) for 72 h and BSA
(Solarbio, Beijing) alone.

Animals

Male C57BL/6 mice, 8 weeks old, were obtained from the
Experimental Animal Center of Shandong University. The
mice were randomized divided into two groups (n = 8 per
group) received either normal chow diet (D12450B, 20% pro-
tein, 70% carbohydrate, 10% fat, Research Diets, New
Brunswick, NJ, USA) or high-fat diet (D12492, 20% protein,
20% carbohydrate, 60% fat, Research Diets, New Brunswick,
NJ, USA). All animal experiments were carried out strictly
according to the guidelines of the Animal Center of
Shandong University, and the experimental procedures were
approved by the Ethical Committee of Shandong Provincial
Hospital Affiliated to Shandong University (No. S077).

General condition

After 18 weeks, all the mice were sacrificed, and the body
weights were measured at the beginning and end of the exper-
iment. Kidney tissues were quickly dissected and blood sam-
ples were collected from the inferior vena cava and centri-
fuged at 3,000xg for 5 min at 4 °C to collect serum.
Triglyceride and cholesterol levels were determined by
ROCHE module COBAS 8000 analyzer (Roche Group,
Switzerland).

Western blot analysis
Cell lysates were extracted with RIPA buffer containing pro-

tease and phosphatase inhibitor cocktail. Equal amounts of
proteins were separated in a 10% Tris-Tricine SDS gel and
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then transferred into a 0.45 pm PVDF membrane (Millipore,
USA). After incubated for 1 h with 5% non-fat milk, the
membranes were incubated overnight at 4 °C with primary
antibodies. The following primary antibodies were used: rab-
bit acetylated-lysine antibody (CST, 9441), rabbit ACADL-
specific antibody (Proteintech, 17526-1-AP), rabbit HADHB
antibody (Sigma, SAB2108608), rabbit COXIV antibody
(Proteintech, 11242-1-AP), rabbit GCN5L1 antibody
(Proteintech, 19687-1-AP). Then, all membranes were incu-
bated with corresponding secondary antibodies. Finally, pro-
tein bands were detected by enhanced chemiluminescence
(Millipore, USA).

Immunohistochemistry

Sections of freshly excised kidney tissue were fixed in 4%
neutral buffered formalin, embedded in paraffin, and sec-
tioned at 5-um intervals. To reveal antigens, sections were
then placed in sodium citrate buffer and heated in a pressure
cooker for 3 min. Endogenous peroxidase was blocked with
3% hydrogen peroxide for 10 min at room temperature.
Sections were incubated with Acetylated-Lysine Antibody
(rabbit pAb, 1:200, CST,) and GCN5L1 Antibody (rabbit
pAb, 1:200, Proteintech) diluted in PBS at 4 °C overnight
and then with the HRP-conjugated secondary antibody at 37
°C for 30 min. Slides were visualized by using 3,3'-
diaminobezidine, counterstained with light hematoxylin,
dehydrated, and coverslipped.

Immunoprecipitation assay

Immunoprecipitation assay was conducted using a
Crosslink IP kit (Thermo Scientific Pierce, 26147). In
brief, 10 pg acetyl-lysine antibodies were immobilized
with 20 ul coupling resin slurry. A total of 250 ug of
lysates was precleared with 20 pl of control agarose res-
in slurry. The precleared lysates were incubated with an-
tibody cross-linked resin on a rotator overnight at 4 °C,
then resin was washed, and the protein complexes bound
to the antibody were eluted with 50 ul of elution buffer.
The immune complexes were then subjected to immuno-
blot analysis as described above. As a negative control,
lysates were immunoprecipitated with normal rabbit IgG
coupled to agarose A/G beads. The extent of acetylation
protein was quantitated by calculating the ratio of acety-
lated protein/total protein band intensities.

Quantitative real-time PCR

Total RNA was extracted using TRIzol Reagent (Invitrogen,
USA) and reversed transcribed into cDNA using reverse tran-
scriptase kits (Takara, RR047A). Then, real-time PCR was
carried out by using Ultra SYBR Mixture kit (Cwbio,

CW2601M) according to the manufacturer’s instructions.
Sequence-specific primers used were as follow: GCNSLI
Fwd: 5-TGG GGA TGT GGA GAA CTGG-3', Rev: 5'-
AGG GAA CAG GGG CTA GGAAG-3', human {3-actin
Fwd: 5'-GAA GTG TGA CGT GGA CATCC-3', Rev: 5'-
CCG ATC CAC ACG GAG TACTT-3".

Fatty acid B-oxidation rate assay

Cells were cultured in the 100 mm Petri dish and were stim-
ulated as requested. Mitochondria isolation kit (Abcam,
ab110170) was used to isolate mitochondria from cultured
HK-2 cells. Then the fatty acid 3-oxidation rate was measured
by using mitochondria according to the Fatty Acid [3-
Oxidation Kit (Genmed Scientifics, USA).

LCAD and B-HAD activity assay

HK-2 cells were cultured in 100 mm Petri dishes and collected
with trypsin. LCAD and (3-HAD were extracted according to
the long-chain acyl CoA dehydrogenase Kit (Genmed
Scientifics, USA) and beta-hydroxyzine CoA dehydrogenase
Kit (Genmed Scientifics, USA). Then the activity of LCAD
and (3-HAD was determined by spectrophotometry at 340 nm
and 600 wavelength for 5 min.

Measurement of acetyl-CoA and triglyceride content

HK-2 cells were cultured in six-well plates and were stimulat-
ed as requested. Acetyl-CoA content was tested according to
the manufacturer’s protocols (Sigma, MAK039). Triglyceride
content was extracted according to the Tissue triglyceride as-
say kit (Pplygen company of Beijing). The concentration of
triglyceride was measured by SpectraMax M2 microplate
reader and normalized by protein concentration per mg.

Oil-Red O staining

HK-2 cells were grown on a cover slide in 24-well plates then
treated with PA or BSA and transfected with GCN5L1 siRNA
(KD) or scramble control siRNA (CTR). After fixed in 4%
paraformaldehyde for 10 min, cells were washed thoroughly
with distilled water. Then, cells were incubated with a work-
ing solution of Oil-Red O (Solarbio, Beijing) for 10 min at 37
°C. To remove the background staining, cells were incubated
in 60% isopropanol for 5 s. Finally, sections were counter-
stained with hematoxylin and fixed in glycerol jelly-
mounting medium.

Statistical analysis

Results are presented as means = SD unless stated otherwise.
The statistical analysis was carried out using SPSS 17.0
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software. Graphs were performed using GraphPad Prism 7
(GraphPad Software, San Diego, CA). Data were analyzed
using one-way ANOVA or Student’s ¢ test. P < 0.05 was
considered to be significant.

Results

Enhanced global lysine hyperacetylation by excess
lipids in renal in renal tubular epithelial cells both
in vivo and in vitro, along with increased acetylation
of LCAD and B-HAD and impaired fatty acid oxidation

To investigate the effect of lipid overload on protein
lysine acetylation, we fed mice with high-fat diet
(HFD) for 18 weeks, and body weights, plasma triglyc-
eride, and cholesterol levels were shown in
Supplementary Fig. 1. The expression of lysine acetyla-
tion was detected by immunohistochemistry. As shown
in Fig. la, the lysine acetylation was highly expressed
in renal tubule and was greatly increased in mice on
high-fat diet than in mice on regular chow diet, which
was accompanied by more severe tubulointerstitial dam-
ages revealed by periodic acid-Schiff (PAS) staining.
Accordingly, the tubular epithelial cells (TECs) were
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Fig. 1 The global lysine acetylation was increased under excess lipids
conditions in renal TECs both in vivo and in vitro, accompanied by
impaired fatty acid oxidation. a Immunohistochemistry of acetylated
lysine and periodic acid—Schiff (PAS) staining in the kidney of chow
and HFD-fed mice. Black asterisks show tubulointerstitial damages. n =
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treated with PA for 72 h, and the mitochondrial pro-
teins’ acetylation level was intensely increased in PA
treated cells compared with BSA treated control cells
(Fig. 1b). In order to understand the effects of the en-
hanced mitochondrial lysine hyperacetylation on fatty
acid metabolism, the FAO rate was detected. As shown
in Fig. 1c, the FAO rate was dramatically decreased for
more than 50% in PA stimulated TECs, followed by a
decreased acetyl-CoA concentration (Fig. 1d), demon-
strating an impaired FAO capacity.

Increased acetylation and decreased activities
of LCAD and B-HAD

Furthermore, the acetylation levels of two key FAO enzymes
long LCAD and (3-HAD were examined by immunoprecipi-
tation and immunoblotting. As shown in Fig. 2 a and b, the
acetylation of both LCAD and (3-HAD were obviously in-
creased for about 3 folds after the cells were treated with PA
compared with control. As numerous metabolic enzymes, ly-
sine acetylation has been demonstrated to be able to modulate
their activities [2], the activities of LCAD and 3-HAD were
then examined and were both decreased significantly in PA
treated TECs (Fig. 2c).
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8, scale bar represents 200 um. b Western blotting for total acetylated
lysine in mitochondria of palmitic acid (PA) treated HK-2 cells. COX IV
was used for normalization. ¢ The decreased TECs oxidation rate in PA
stimulated HK-2 cells with BSA treated cells as control group. d The
declined acetyl-CoA content in PA stimulated HK-2 cells. **P < 0.01
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Fig.2 The acetylation level of LCAD and (3-HAD was increased, and the
enzymatic activity was decreased in PA-treated HK-2 cells. a The acety-
lation of LCAD and (3-HAD was detected by immunoprecipitation and
western blotting in PA treated HK-2 cells. COX IV was used for

The upregulated expression of GCN5L1 under lipid
overload both in vivo and in vitro

Immunohistochemical staining showed that the expression of
GCNSL1 was increased in kidneys of HFD mice, especially in

Fig. 3 The expression of a
GCNSL1 was upregulated both
in vivo and in vitro under lipid
overload. a
Immunohistochemical staining of
GCNSL1 in kidney tissues of
chow and HFD-fed mice. Scale
bar represents 200 um. b
Quantifications of IHC staining of
GCNSL1 in renal tissue of the
different groups. n = 8, *P < 0.05.
¢ Western blotting of GCNSLI1 in
kidney tissues of chow and HFD- c
fed mice. d Relative density of c.
n=3,*P<0.05. e Western blot-

ting of GCNS5L1 in HK-2 cells

treated with BSA or PA. f

Relative density ofe. n =3, *P <

0.05

GCN5L1

w
|
|
-
-
|

*
5

*%

Ac-B HAD/B HAD
T 1 N e

BSA PA

BSA PA

normalization of mitochondrial fractions. b Relative density of A. *P <
0.05. **P < 0.01. ¢ LCAD and 3-HAD activities were measured using
microplate kits. *P < 0.05

proximal tubular cells (Fig. 3a, b). This was further confirmed
by western blotting for protein extractions from kidneys of
HFD or regular chow fed mice (Fig. 3¢, d). The cell lysates
of PA stimulated TECs also showed dramatically increased
expression of GCNSL1 compared with control (Fig. 3e, f).
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Fig. 4 Suppression of GCNSL1 decreased the acetylation but promoted
the activities of LCAD and 3-HAD. The cells were transfected by siRNA
targeting GCNSL1 (KD) or scramble control (CTR), and the knockdown
efficiency were detected by a RT-qPCR on mRNA level and b, ¢ western
blotting on protein level. d, e The acetylation of LCAD and 3-HAD was

Decreased acetylation and promoted activities
of LCAD and 3-HAD by the downregulation of GCN5L1

To further prove that the increased GCNSLI is directly associ-
ated with the altered acetylation and activities of FAO enzymes,
we generated siRNAs to knockdown the expression of
GCNSLI in TECs. The knockdown efficiency was evaluated
by both qPCR and western blotting (Fig. 4 a, b, and c). The
acetylation status analysis of LCAD and [3-HAD based on im-
munoprecipitation showed that the suppression of GCN5SLI1 sig-
nificantly reduced the PA induced elevation of acetylated LCAD
and 3-HAD (Fig. 4 d, e, f, and g). Subsequently the declined
enzymic activities of LCAD and (3-HAD in PA stimulated cells
were totally rescued by GCN5L1 knockdown (Fig. 4h, 1).
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detected by immunoprecipitation (IP) and western blotting in PA treated
HK-2 cells after GCNSL1 was knocked down. f, g Relative density of
acetylated LCAD and 3-HAD compared to total LCAD and 3-HAD ind,
e. h, i LCAD and 3-HAD activities were detected by microplate kits. *P
<0.05, **P < 0.01

Ameliorated FAO defects and lipids accumulation
by GCN5L1 downregulation in PA treated TECs

Then we analyzed whether downregulation of GCNSLI1 had an
effect on FAO indeed. As shown in Fig. 5a, the diminished FAO
rate by PA stimulation was attenuated after GCNSL1 was
knocked down. The dramatically impaired acetyl-CoA produc-
tion was partially attenuated (Fig. 5b). Consequently, the in-
creased concentration of cellular triglyceride in PA treated cells
was significantly reduced after GCN5SL1 was suppressed (Fig.
5¢). This was further confirmed by Oil-Red O staining, which
showed that the PA induced accumulation of neutral lipid droplets
in scramble control siRNA transfected cells were nearly depleted
in cells transfected with siRNA targeting GCN5L1 (Fig. 5d).
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Alleviated EMT by GCN5L1 downregulation in PA
treated TECs

As impaired FAO in renal tubular cells has been proved
to play a key role in kidney tubulointerstitial fibrosis by
numerous studies [23, 24], the expression of EMT
markers was investigated in our following experiments.

As shown in Fig. 6 a, b, and c, loss of epithelial marker
E-cadherin and acquisition of mesenchymal marker
vimentin were observed in PA treated cells, and the
knockdown of GCNSL1 completely inhibited the effects
of PA on E-cadherin and vimentin expression in TECs,
suggesting that GCNSL1 suppression may protect TECs
from PA induced fibrosis process.
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Discussion

Renal proximal tubule epithelial cells have high energy demand
and prefer FAO as the major energy source, as oxidation of fatty
acids is more efficient to generate ATP compared with oxidation
of glucose [22].Thus, insufficient intracellular FAO has been
recognized as the key pathogenic event and potential intervention
target in mediating renal lipotoxicity. In recent years, acetylation
modification has emerged as an important mechanism for multi-
ple dysfunction of mitochondrial energy metabolism, such as the
tricarboxylic acid (TCA) cycle, oxidative phosphorylation
(OXPHOS), and FAO [9, 26]. Lysine acetylation is mainly con-
trolled via enzymatic regulation, which contains a number of
acetyltransferase and deacetylase enzymes [11]. The role of his-
tone deacetylases (HDACsS), especially sirtuins, in the regulation
of lysine acetylation and energy metabolism has been extensively
investigated. For example, Alrob et al. found that cardiac proteins
were hyperacetylated in HFD-fed mice, which was associated
with a decrease in SIRT3 expression [1]. SIRT3 was also found
to regulate mitochondrial fatty-acid oxidation by reversible en-
zyme deacetylation in fasting liver [1]. On the contrary, the role
of acetyltransferase in this process has not been well-character-
ized. Some histone acetyltransferases (such as p300, CBP, and
GCNS) were identified and found to be able to regulate chroma-
tin dynamics and transcriptional activation [14]. GCNSLI1 is a
novel gene with sequence homology to the histone acetyltrans-
ferase GCNS [19]. There are only a few studies exploring the
direct function of GCN5L1 and the relative investigation in the
kidney is lacking. In the present study, we first found that the
expression of GCN5L1 was elevated both in the kidney of HFD
mice and in PA stimulated TECs and identified GCN5LI as a
potential intervening target for renal lipotoxicity in that downreg-
ulation of GCNS5L1 dramatically enhanced FAO rate by reducing
the acetylation of key FAO enzymes, indicating that the active
regulation of acetylation by GCNS5LI1 besides sirtuins has an
important role in the renal lipotoxicity. In addition to the enzy-
matic regulation of lysine acetylation, it has recently been pro-
posed that acetyl-CoA can promote non-enzymatic regulation of
mitochondrial protein acetylation. The incubation of acetyl-CoA
with isolated mitochondria in vitro can promote global protein
acetylation [15]. However, in our study, the PA induced
hyperacetylation was totally reduced by GCN5SL1 suppression
(Fig. 4), along with an elevated acetyl-CoA concentration (Fig.
5). This result indicates that the enzymatic regulation, especially
GCNSLL, is likely to prevail in the regulation of renal mitochon-
drial protein acetylation and mitochondrial energy metabolism
under excess lipids conditions, and the acetyl-CoA pool does
not seem to be a major contributor in this process.
Mitochondrial protein acetylation has been proved to
be one of the major sensory and adaptive mechanisms
of mitochondria under different pathological conditions
[4, 9]. A recent study has shown that multiple enzymes
of the kidney are differentially acetylated in diabetes
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especially in tubular cells, suggesting acetylation might
be involved in the development of CK [13].In agree-
ment with this study, we demonstrated a significant in-
crease of lysine acetylation levels in high-fat diet mice
kidney samples (Fig. 1a), indicating that the kidney pro-
teins are generally hyperacetylated under excess energy
supply status. In addition, we provided evidence that the
mitochondrial proteins, which are known to involve
many metabolic enzymes, were acetylation in PA treated
renal tubular epithelial cells (Fig. 1b). Particularly, we
identified GCNSL1 as a novel intermediating interven-
ing target to control the hyperacetylation of FAO en-
zymes in the kidney.

In recent years, lysine acetylation has emerged as a key
protein posttranslational modification in metabolic regulation
[26]. Our study further found the acetylation level of LCAD
and (3-HAD, which are mitochondrial fuel substrate oxidation
key enzymes, were enhanced in TECs (Fig. 2). This is in
accordance with the study in the heart of HFD mice that both
the enzymes were found to be hyperacetylated [21]. In addi-
tion, we observed that the hyperacetylation of LCAD and f3-
HAD was along with the decrease of enzymatic activity and
FAO rate in PA stimulated renal tubular epithelial cells (Fig.
2). Consistent with our results, Hirschey and colleagues also
found that hyperacetylation of LCAD reduced its enzymatic
activity with defective FAO in liver [10]. However, the enzy-
matic activity was upregulated along with the
hyperacetylation status in the heart of HFD mice and with
maturation [5, 21]. Reasons for these discrepancies remain
enigmatic but may be explained by tissue differences in con-
trolling acetylation status and energy balance or tissue specific
acetylated sites of the enzymes. For example, there are eight
acetylated lysine residues identified in LCAD, and Lys-42 was
identified as a critical lysine residue for the regulation of
LCAD enzymatic activity in liver during fasting [9], while
two other sites, Lys-318 and Lys-322, were found to suppress
LCAD activity by modulating its confirmation in vitro [3].
This difference as to what effects lysine acetylation has on
fatty acid [3-oxidation needs to be explored in the future study.

Renal TECs have high levels of baseline energy con-
sumption and abundant mitochondria [22] and preferred
FAO as major energy source [12]. When the cells were
exposed to excess FAs, FAO rate was depressed (Fig. 1).
It has been reported that defective FAO in renal tubular
epithelial cells had a key role in kidney fibrosis develop-
ment [12]. Facing the high fat metabolic constraints,
TECs exhibit a phenotypic switch including the extracel-
lular matrix proteins rearrangement and contribute to renal
fibrogenesis. Our present study reveals that this process is
controlled by lysine acetylation, and as shown in Fig. 6,
the GCNS5L1 knockdown attenuated the EMT phenotype
of TECs and protected the cells from PA induced
lipotoxicity. Collectively, GCNSL1 may serve as a critical



GCNS5L1 controls renal lipotoxicity through regulating acetylation of fatty acid oxidation enzymes 605

Fig. 7 Model for the role of
GCNSL1 in the regulation of fatty
acid metabolism in renal tubule
cells. In renal tubule cells,
GCNSL1 is upregulated upon PA
stimulation, which leads to the
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increase of acetylation levels of
key FAO enzymes LCAD and f3-

HAD and further weakened their
activities. Correspondingly, the
FAO rate was decreased, resulting
in the accumulation of FAO in-
termediates and occurrence of
lipotoxicity. However, when
GCNSL1 was suppressed, the
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enzyme activities are recovered,
which accelerates the FAO rate
and ameliorates lipotoxicity
eventually in the cells
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component of the mitochondrial acetyltransferase machin-
ery in the regulation of FA metabolism in kidney, and it
may also be a potential therapeutic target for CKD by
controlling mitochondrial enzymes acetylation (Fig. 7).
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