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Inflammation and fibrosis are the important pathophysiologic processes in diabetic kidney disease (DKD), which is induced by
epigenetics, especially histone posttranslational modification (HPTMs). Recent reports highlighted that butyrate, one of the
short-chain fatty acids (SCFAs) primarily originated from the fermentation of dietary fiber in the gut, attenuates inflammation
and fibrosis in the prevention and treatment of DKD; however, the molecular mechanisms are still unclear. Histone lysine
butyrylation (Kbu), a novel histone modification marker induced by butyrate, has been found to be involved in the regulation
of pathophysiological processes. To reveal the mechanisms of butyrate-induced histone (Kbu), in the prevention and treatment
of DKD, both DKD models in vivo and in vitro were treated with sodium butyrate (NaB). Our results confirmed that
exogenous NaB improved the disorder of glucose and lipid metabolism, prevented proteinuria and renal failure, and inhibited
renal inflammation and fibrosis. Meanwhile, NaB also induced histone Kbu and H3K9 butyrylation (H3K9bu) in vivo and
in vitro; however, inhibition of histone Kbu with the histone modification enzyme p300 inhibitor A485 reversed the anti-
inflammatory and anti-fibrosis effects of NaB. In conclusion, our data reveal that NaB antagonizes renal inflammatory and
fibrosis injury and attenuates DKD possibly via histone Kbu, suggesting that butyrate-induced histone Kbu or H3K9bu may be
an important molecular mechanism in the pathogenesis and treatment of DKD.

1. Introduction

Diabetic kidney disease (DKD), the typical microvascular
complication of diabetes mellitus, is the leading cause of
end-stage renal disease (ESRD) [1]. The pathogenesis of
DKD is the result of an interaction between genetic and
environmental factors; up to now, there still lacks effective
therapy for DKD [2]. The latest research found that histone
posttranslational modifications (HPTMs) regulate the tran-
scriptional activity of inflammation and fibrosis-related

genes, such as interleukin-6 (IL-6) and transforming growth
factor-β (TGF-β), by altering the loose or condensed state of
chromatin, which is involved in the pathogenesis of DKD [3,
4]. Compared with genetic factors, histone modification, as
the “link” between a high glucose environment and DKD,
is relatively reversible, so it may be a new breakthrough in
the prevention and treatment of DKD [5].

Butyrate is one of the short-chain fatty acids primarily
originating from the fermentation of dietary fiber in the
gut; however, it can reach the bloodstream and is involved
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in inflammatory and immune-associated diseases such as
inflammatory bowel disease, asthma, arthritis, and other
inflammatory diseases [6–8]. Previous studies found that
sodium butyrate (NaB) could be a potential therapeutic
agent in the prevention and treatment of DKD in vivo and
in vitro [9]. However, the mechanism of NaB ameliorating
DKD is unclear; it is speculated that the HPTMs are a possi-
ble signaling pathway. Histone lysine butyrylation (Kbu) was
firstly identified by mass spectrometry- (MS-) based proteo-
mics in 2007 [10]. At present, butyrate-induced butyryl-CoA
via acetyl-CoA synthetase 2 (ACSS2) is considered to be the
corresponding substrate donating butyryl, which is essential
to the acylation reaction of histone Kbu. The acetyltransfer-
ase activity transcriptional coactivator P300/CBP is the com-
mon acyltransferase, which transfers butyryl to the histone
lysine and rapidly promotes histone Kbu [11]. As a novel
HPTM maker, histone Kbu provides a new route for reveal-
ing the pharmacological effect of butyrate. However, the
relationship between histone Kbu and DKD and the role
and mechanism of butyrate in this modification process
are still unclear.

In this study, we firstly confirmed the effects of NaB on
streptozotocin- (STZ-) induced DKD mouse models
in vivo and high glucose-induced mouse glomerular mesan-
gial cells (GMCs) in vitro; histone Kbu, H3K9 butyrylation
(H3K9bu), and DKD-related genes or proteins were detected;
finally, we evaluated whether histone Kbu is involved in anti-
inflammatory and an-tifibrosis effects of NaB by A485, a
block of histone Kbu. Our findings elucidated the potential
mechanisms of butyrate protective function in DKD and
gave some clues for the potential therapy for DKD.

2. Materials and Methods

2.1. Animal Model. Eight-week-old male C57BL/6 mice were
purchased from the Biotechnology Corporation of Dashuo
(Chengdu, China). All animal care and investigation were
approved by Southwest Medical University. After 1 week of
adaptive feeding, all mice were randomly divided into a con-
trol group (NC group, n = 8) and a DKD group (n = 16). The
NC group was given a normal diet until the end of the exper-
iment, while the DKD group was given a high-fat diet (60%
calorie fat, Dashuo Biotech, China) for 8 weeks, and then,
diabetes was induced by intraperitoneal injection of a single
low dose (50mg/kg) of STZ (Beijing Solebro Technology Co
Ltd, China) for 5 days to induce diabetes, followed by con-
tinued HFD feeding for an additional 12 weeks. A random
blood glucose level ≥ 16:7mmoL/L for 3 days was confirmed
as “diabetic.” DKD mice were randomly divided into 2
groups (n = 8/group) of 8 mice each with the same mean ini-
tial body weight: [1] the sodium butyrate group (NaB
group): based on the previous experimental study of our
group [9], DKD mice were treated with sodium butyrate
(Sigma-Aldrich, USA) 40mg/(kg·48h) intraperitoneally for
12 weeks; [2] the DKD control group (DKD group): DKD
mice were injected intraperitoneally with the same volume
and frequency of phosphate-buffered saline (PBS). At the
same time, the NC group was also injected with an equal vol-

ume and frequency of PBS buffer. Body weight and blood
glucose were recorded every two weeks.

2.2. Biochemical Measurements. Random blood glucose
(RBG) and fasting blood glucose (FBG) levels were mea-
sured with an Accu-Chek (Roche Diagnostics, Mannheim,
Germany). Urine albumin-creatinine ratios (ACR) were
assayed according to the manufacturer’s procedures outlined
in the kit (Andygene, USA). Blood creatinine (crea), urea
nitrogen (BUN), triglyceride (TG), total cholesterol (TC),
and low-density lipoprotein-cholesterol (LDL-C) levels were
analyzed using kits (Nanjing Jiancheng Bioengineering Insti-
tute, China) according to the manufacturer’s protocols.

2.3. Renal Histology. The kidneys were rapidly dissected and
fixed in 10% buffered formalin at 4°C overnight. The kidneys
were embedded in paraffin and were sectioned at 5μm thick-
ness on positively charged slides. Sections were stained with
hematoxylin and eosin (H&E) and Masson’s trichrome
staining for light microscopic analysis and morphometry.

2.4. Immunohistochemistry Staining. Sections were incu-
bated with the following primary antibodies: anti-PanKbu
(mouse polyclonal antibody; 1 : 200 dilution; Hangzhou Jing
Jie biological Co., Ltd; China), anti-H3K9bu (mouse poly-
clonal antibody; 1 : 200 dilution; Hangzhou Jing Jie biologi-
cal Co., Ltd; China), anti-Fn (rabbit polyclonal antibody;
1 : 200 dilution; Abcam; UK), and anti-P300 (rabbit poly-
clonal antibody; 1 : 200 dilution; Cell Signaling Technology;
USA) overnight at 4°C. After sections were washed with PBS,
they were incubated with horseradish peroxidase (HRP) or
fluorescein isothiocyanate fluorescent dye-conjugated sec-
ondary antibodies (1 : 200 dilution; Beijing Biosynthesis
Biotechnology; China) for 2 h at room temperature. For visu-
alizing the signals of immunohistochemistry, sections were
treated with peroxidase substrate 3,3-diaminobenzidine and
counterstained with hematoxylin. Each photograph of the
stained sections was scanned using a light microscope.

2.5. Immunofluorescence Staining. Immunofluorescence (IF)
staining for a fluorescence microscope and GMCs were
stained with anti-IL-6 antibody (mouse polyclonal antibody;
1 : 200 dilution; Cell Signaling Technology; USA), anti-COV
IV (rabbit polyclonal antibody; 1 : 200 dilution; Abcam; UK),
and anti-PanKbu (mouse polyclonal antibody; 1 : 200 dilu-
tion; Hangzhou Jing Jie biological Co., Ltd; China). Cy3/
FITC immunofluorescence dye-conjugated secondary anti-
body (1 : 200 dilution; Biosynthesis Biotech; China) was
incubated for 1 h at room temperature in the dark. The
nucleus was labeled with DAPI, and images were taken with
a fluorescence microscope (Leica, Germany).

2.6. Cell Culture and Treatment. Conditionally immortalized
mouse glomerular mesangial cells (GMCs, SV-40 MES 13)
were obtained from the China Centre for Type Culture Col-
lection and cultured in Dulbecco’s modified Eagle’s medium
(Gibco, Waltham, MA, USA) containing 5.6mM glucose
and 10% fetal bovine serum (Gibco) at 37°C and 5% CO2.
GMCs were exposed to normal glucose (5.5mM) as normal
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Figure 1: Continued.
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control (NC), HG (30mM), NaB (1mM, Sigma-Aldrich,
USA), and A485 (10μM, Selleck, USA) for 24h.

2.7. Western Blotting. Total proteins of kidney tissue and
GMCs were extracted with extraction buffer (RIPA). Nuclear
proteins were extracted with the Nucleoprotein Extraction
Kit protocol (Shanghai Sangon Biotech, China). Proteins
were boiled in Sample Buffer and electrophoresed on 12%
Bis-Tris Gel polyacrylamide gels. Proteins were transferred
to a PVDF (Millipore) membrane, and nonspecific bindings
were inhibited by incubation in 5% skim milk. Immunoblot-
ting was performed using anti-IL-6 (mouse polyclonal anti-
body; 1 : 500 dilution; Santa Cruz Biotechnology; USA),
anti-TGF-β (mouse polyclonal antibody; 1 : 500 dilution;
Santa Cruz Biotechnology; USA), anti-MCP-1 (rabbit poly-
clonal antibody; 1 : 1000 dilution; Biyuntian Institute of Bio-
technology; China), anti-PanKbu (mouse polyclonal
antibody; 1 : 1000 dilution; Hangzhou Jing Jie biological
Co., Ltd; China), anti-H3K9bu (mouse polyclonal antibody;
1 : 1000 dilution; Hangzhou Jing Jie biological Co., Ltd;
China), anti-H3 (mouse polyclonal antibody; 1 : 2000 dilu-
tion; Hangzhou Jing Jie biological Co., Ltd; China), and
anti-GAPDH (mouse polyclonal antibody; 1 : 2000 dilution;
Biyuntian Institute of Biotechnology; China) overnight at
4°C. The proteins were detected with the HRP chemilumi-
nescence reagent (Millipore, USA), and images were cap-
tured with the UVP imaging system (Bio-Rad, USA).
ImageJ software was used for the analysis of bands.

2.8. Real-Time PCR Analysis. Total RNAs of renal tissue
and GMCs were extracted with TRIzol (Invitrogen,
USA). The ReverTra Ace qPCR RT Master Mix (FSQ-
201, TOYOBO) was used for reverse transcription reac-
tion, and the QuantiNova SYBR Green PCR Kit (QIA-
GEN, German) was used for qRT-PCR. The qRT-PCR
was performed with the Analytik Jena qTOWER 3 G
real-time PCR system (JENA, Germany) according to the
manufacturer’s instructions. Primers used in this study
were shown below: MCP-1: 5′TTAAAAACCTGGATCG
GAACCAA′, 5′GCATTAGCTTCAGATTTACGGGT3′;
IL-6: 5′TAGTCCTTCCTACCCCAATTTCC3′, 5′ATCTTT
TGGGGTCCGTCAACT3′; TGF-β: 5′CTCCCGTGGCT
TCTAGTGC3′, 5′GCCTTAGTTTGGACAGGATCTG3′;
and Fn: 5′ATGTGGACCCCTCCTGATAGT3′, 5′GCCC
AGTGATTTCAGCAAAGG3′. GAPDH was used as an
internal reference gene to normalize target gene expression.
All the samples were used in triplicates. The 2−ΔΔCt method
was used to calculate the relative gene expression in compar-
ison with the reference gene.

2.9. Statistics. Data are expressed as the means ± standard
deviation ðSDÞ. Student’s t-test was employed for compari-
sons between two groups. Differences were evaluated using
GraphPad Prism9. P < 0:05 was considered statistically sig-
nificant. The statistical significance was ∗P < 0:05, ∗∗0:001
< P < 0:01, ∗∗∗P < 0:001,and∗∗∗∗P < 0:0001.
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Figure 1: NaB ameliorates glucose and lipid metabolism disorder in DKD mice. Mice were subjected to a high-fat diet (HFD) for 8 weeks,
intraperitoneally (i.p.) injected with STZ, and then treated with sodium butyrate (NaB), for 12 weeks. Body weight (BW) (a) and random
blood glucose (RBG) (b) were measured every 2 weeks; fasting blood glucose (FBG) (c), low-density lipoprotein-cholesterol (LDL-C) (d),
total cholesterol (TC) (e), and total glyceride (TG) (f) values were measured at the 20th week of the experiment before sacrifice. Values
are presented as the mean ± SD. ∗P < 0:05, ∗∗0:001 < P < 0:01, ∗∗∗P < 0:001,and∗∗∗∗P < 0:0001.
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3. Results

3.1. NaB Ameliorates the Disorder of Glucose and Lipid
Metabolism in DKD Mice. To examine the effects of exoge-
nous NaB on glycolipid metabolism in a nongenetic rodent
model of DKD mice, body weight (BW, Figure 1(a)) and
RBG (Figure 1(b)) levels were assessed from 8 to 20 weeks.

After 8 weeks, compared with the NC group, significant
changes in BW and RBG levels in DKD mice were noted.
This pattern was also seen for FBG (Figure 1(c)), LDL-C,
TC, and TG (Figures 1(d)–1(f)), suggesting that DKD
models were successfully achieved. Next, we found that
intraperitoneal injections of NaB for 12 weeks did have sig-
nificant effects on BW, RGB, and the serum lipid spectrum
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Figure 2: NaB alleviates inflammatory and fibrotic injury in DKD mice and high glucose-induced GMCs. Urine ACR (a), blood urea
nitrogen (BUN) (b), blood crea (c), serum IL-6 (d), and serum MCP-1 (e) were assayed at the 20th week of the experiment; H&E and
Masson staining of mice in each group (×400) and immunohistochemistry were used to detect the expression of Fn in mouse kidney of
each group (×400) (f). The expression of mainly the contents of collagen type IV (COL IV) in kidneys of each group was detected by
immunofluorescence (×400) (g); qRT-PCR of Fn, TGF-β, IL-6, and MCP-1 in kidney tissue after NaB treatment (h, i); Western blotting-
based assays for the expression of TGF-β and MCP-1 in GMCs after NaB intervention (j); GMCs were stimulated with 30mM high
glucose in the presence of the indicated concentration of NaB for 24 h. MCP-1 and IL-6 in the cell culture supernatant were evaluated by
the kit (k, l). Values are presented as the mean ± SD. ∗P < 0:05, ∗∗0:001 < P < 0:01, ∗∗∗P < 0:001,and∗∗∗∗P < 0:0001.
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in DKD mice. Collectively, our observations indicated that
NaB did significantly ameliorate obesity and disorders of
glucose and lipid metabolism.

3.2. NaB Alleviates Inflammatory and Fibrotic Injury in
DKD Mice and High Glucose-Induced GMCs. To assess
whether NaB alleviates DKD in vivo, ACR, an important
feature of DKD, was measured after the intervention. We
found that NaB treatment resulted in lowering the levels
of urine ACR (Figure 2(a)) and in lowering serum urea
(Figure 2(b)) and creatinine (Figure 2(c)) levels, markers
of the severity of renal dysfunction in DKD. NaB treat-
ment also reduced serum levels of IL-6 (Figure 2(d)) and
MCP-1 (Figure 2(e)), a sign that DKD is in a chronic,
low-grade inflammatory state. Histopathological examina-
tion of renal tissues (Figure 2(f)) by H&E and Masson’s
trichrome revealed that mesangial expansion, the glomeru-
lar tuft, and the accumulation of collagen were substan-
tially elevated in the DKD group when compared to the
NC group. Notably, these histomorphometric changes were
significantly attenuated by treatment with NaB. Immunohis-
tochemical staining showed that NaB inhibited Fn expression
in DKD (Figure 2(f)). Immunofluorescence staining revealed
that NaB remarkably reduced glomerular collagen fibril IV
deposition (COV IV) (Figure 2(g)); NaB effectively downreg-
ulated TGF-β, Fn, IL-6, and MCP-1 expression in DKD kid-
ney tissues by qRT-PCR (Figures 2(h) and 2(i)); NaB
downregulated the protein expression of IL-6 and TGF-β in
cells induced by high glucose by Western blotting
(Figure 2(j)). NaB inhibits MCP-1 and IL-6 release from
GMCs induced by high glucose (Figures 2(k) and 2(l)). These

results indicate that NaB inhibits renal inflammation and
fibrosis gene expression and has a protective effect on DKD
mice and high glucose-induced GMCs.

3.3. NaB Induces Histone Kbu in DKD Mice and GMCs. The
expression of PanKbu, H3K9bu, and P300 was downregu-
lated in the kidney of DKD mice by immunohistochemistry,
but this was reversed by NaB treatment (Figure 3(a)); NaB-
induced expression of PanKbu was found to be predomi-
nantly in the nucleus (Figure 3(b)). Our results showed that
PanKbu and H3K9bu were induced by NaB in a dose-
dependent manner (Figure 3(c)). These results suggest that
histone Kbu levels are regulated by cellular NaB concentra-
tion. The NaB intervention group significantly induced
protein upregulation of PanKbu and H3Kbu compared to
the NC and HG groups (Figure 3(d)). Moreover, extraction
of nuclear proteins revealed that H3K9bu modifications
were obviously upregulated (Figure 3(e)). These results indi-
cate that NaB upregulates histone Kbu and H3K9bu modifi-
cation levels in diabetic kidney tissue and GMCs.

3.4. A485 Inhibits Histone Kbu and Reverses NaB-Mediated
Anti-inflammatory and Anti-fibrotic Effects. To determine
whether A485, an inhibitor of P300, inhibits histone Kbu
in vitro, we firstly detected PanKbu and H3K9bu modifica-
tion levels, and the results showed that A485 inhibited
NaB-induced upregulation of PanKbu and H3K9bu
(Figure 4(a)). H3K9bu modifications at the nuclear protein
level are consistent with the total protein trend
(Figure 4(b)). Furthermore, immunofluorescence showed
that PanKbu and H3K9bu modification was mainly
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Figure 3: NaB induces histone Kbu in DKD kidney and renal mesangial cells. Immunohistochemistry (400x)-based assays for the
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intervened in GMCs (c). The expression of PanKbu and H3K9bu in GMCs of each group (d). The expression of H3K9bu in the nucleus
in each group of GMCs (e). Values are presented as the mean ± SD. ∗P < 0:05, ∗∗0:001 < P < 0:01, ∗∗∗P < 0:001,and∗∗∗∗P < 0:0001.
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expressed in the nucleus, and A485 also inhibited NaB-
induced histone Kbu (Figure 4(c)). A485 had no signifi-
cant effect on NaB-induced pan-acetylation (PanKac)
modification of GMCs (Figure 4(d). Western blotting con-
firmed that TGF-β and MCP-1 expression in GMCs was
elevated in response to 30mM glucose, revealing that the
development of DKD is closely related to chronic inflam-
mation and fibrosis. However, NaB-inhibited TGF-β and
MCP-1 expression was abolished by A485 (Figure 4(e)).

Furthermore, the results of qRT-PCR also demonstrated
that A485 enabled the reversal of downregulation of Fn
and TGF-β with NaB (Figure 4(f)). Consistent with West-
ern blotting and qRT-PCR, immunofluorescence results
indicated that A485 reversed the NaB-mediated inhibitory
effect on IL-6 expression (Figure 4(g)). These results sug-
gest that NaB may inhibit inflammation and fibrosis gene
expression and ameliorate DKD through the histone Kbu
pathway.

Fo
ld

 ch
an

ge

0

1
36GAPDH

11

42

KDa

2

4

NC HG

HG + N
aB

HG + N
aB

 + A48
5NC HG

HG + N
aB

HG + N
aB

 + A48
5

NC HG

HG + N
aB

HG + N
aB

 + A48
5

MCP-1

MCP-1
TGF-𝛽

TGF-𝛽
⁎⁎ ⁎⁎ ⁎

⁎⁎⁎ ⁎⁎ ⁎

3

(e)

m
RN

A
 le

ve
l (

Fo
ld

)

0.0

0.5

1.0

2.5

NC HG

HG + N
aB

HG + N
aB

 + A48
5

NC HG

HG + N
aB

HG + N
aB

 + A48
5

Fn
TGF-𝛽

⁎⁎ ⁎⁎⁎
⁎⁎⁎ ⁎

1.5

2.0 ⁎

(f)

IL-6

DAPI

NC HG HG + NaB HG + NaB + A485

Merge

(g)

Figure 4: A485 inhibits NaB-mediated histone Kbu and reverses anti-inflammatory and antifibrotic effects. Effect of the P300 inhibitor
A485 on the expression of PanKbu and H3K9bu by Western blotting (a). The expression of H3K9bu in the nucleus of GMCs in each
group by Western blotting (b). The expression of PanKbu in GMCs of each group was detected by immunofluorescence (×200) (c).
A485 had no significant effect on NaB-induced PanKac modification of GMCs (d). The NaB inhibition of TGF-β and MCP-1 was
reversed by A485 (e). qRT-PCR was performed to detect Fn and TGF-β mRNA levels (f). The expression of IL-6 in cells of each group
was detected by immunofluorescence (×200) (g). Values are presented as the mean ± SD. ∗P < 0:05, ∗∗0:001 < P < 0:01, ∗∗∗P < 0:001,
and∗∗∗∗P < 0:0001.
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4. Discussion

It is crucial to suppress the expression of inflammatory and
fibrotic genes to prevent and treat DKD. The latest research
found that NaB inhibits oxidative stress and inflammatory
gene expression and then ameliorates DKD via inhibition
of histone deacetylases (HDAC) [12, 13]. Furthermore,
NaB also alleviates glucolipid metabolism disorders by
increasing glucagon-like peptide-1 (GLP-1) and insulin
secretion [14]. In the present study, we found that intraper-
itoneal injection of NaB decreased BW, RGB, and FBG in
DKD mice, as well as antagonized dyslipidemia, suggesting
that NaB has a positive effect on maintaining homeostasis
of glucolipid metabolism through a nongastrointestinal
intervention. We speculate that NaB alleviates DKD glucoli-
pid metabolism disorders by improving increasing GLP-1
and insulin secretion resistance as reported in the literature
above. Here, our data found that elevated ACR, serum urea,
and creatinine, markers of the severity of DKD, were
decreased by NaB. In addition, mesangial expansion, the
glomerular tuft, the accumulation of COV IV, and the
expression of Fn in DKD renal tissues were remarkably
attenuated by NaB. The inhibitory effects of NaB on oxida-
tive stress and inflammation have been reported in GMCs
induced by high glucose and lipopolysaccharide (LPS) [15].
Our study found that the protective effects of NaB were asso-
ciated with the inhibition of IL-6 and MCP-1 in high
glucose-induced GMCs. Taking into account all these recent
studies and current results, exogenous NaB suppresses renal
inflammation and fibrosis gene expression; NaB may be a
potential therapeutic agent in the prevention and treatment
of DKD.

However, the mechanism of NaB improving glucose and
lipid metabolism and protecting DKD kidneys is still not
fully understood. With the application of MS-based proteo-
mics, novel histone lysine acylation has been successively
discovered, such as lysine butyrylation (Kbu) [11], lysine
β-hydroxybutyrylation (Kbhb) [16], and lysine crotonyla-
tion (Kcr) [17]; these modifications greatly enrich our
understanding of epigenetics and histone code and provide
a new strategy to explore the molecular mechanism of
NaB. Histone Kbu induced by NaB [18] is specifically
expressed in tumor [19], obesity [20], male spermatogenesis
disorder [21], and other disease models. Whether NaB atten-
uates DKD and inhibits inflammation and fibrosis via his-
tone Kbu has not been reported. This study shows that
PanKbu, H3K9bu, and P300 were decreased in the kidney
of DKD mice, suggesting that there is a correlation between
the pathogenesis of DKD and endogenous butyrate; how-
ever, exogenous NaB induces the level of histone Kbu of
GMCs in a dose-dependent manner, suggesting that the
effect of NaB on DKD is related to histone Kbu. Recently,
histone acetyltransferase P300 was found to be a coacyl-
transferase for novel HPTMs such as lysine acetylation
(Kac), lysine butyrylation (Kbu), lysine β-hydroxybutyryla-
tion (Kbhb), and lysine lactylation (Kla) [10, 22, 23]. There-
fore, A485 might not be specific as an inhibitor of histone
Kbu. While research methods are currently limited, most
of the studies on novel HPTMs such as histone Kbhb have

used A485 as an inhibitor of this modification [22]. Further
research needs to explore specific modification enzymes or
sites of Kbu and the effects on the expression of target genes.

Last but not least, the level of histone Kbu was significantly
downregulated, and NaB-mediated anti-inflammatory and
antifibrotic effects were blunted by A485. These indicate that
NaB may suppress renal inflammatory and fibrotic gene
expression and ameliorate DKD through P300-mediated his-
tone Kbu. Although there is a lack of research to explore the
molecular mechanism of histone Kbu, according to the exist-
ing research, histone Kbu may be synergistic or antagonistic
with acetylation and methylation at the same or different
modification sites. It forms a “histone code” through a cross-
talk network and plays a key role in gene expression regulation
and cell fate determination. Although the present study found
no significant effect of A485 onNaB-induced acetylation levels
in GMCs, whether there is an interaction between Kbu and
Kac needs to be further confirmed by more investigations.
Acetylation of histone H3K9 (H3K9ac) is involved in the path-
ogenesis of obesity in ob/ob mice and diabetes heart disease in
db/db mice [24]. Recently, histone H3K9 β-hydroxybutyryla-
tion (H3K9bhb) upregulates matrix metalloproteinase-2
(MMP-2) to antagonize glomerulosclerosis in diabetic rat
[25]; H3K9bhb ameliorates aortic endothelial injury by pro-
moting the generation of vascular endothelial growth factor
(VEGF) in diabetic rats [26]. The above studies suggest that
histone Kac, Kbhb, and Kbu may coexist or cross-talk at the
H3K9 site, which may have synergistic or antagonistic effects
on related gene expression. In this study, the histone
H3K9bu was significantly upregulated by NaB, and the levels
were downregulated after intervention with A485, which indi-
cates that H3K9bu may be an important molecular target for
NaB to alleviate kidney injury, and subsequent research needs
to further explore more specific enzymes or modification sites
by multiomics analysis.

Taken together, the present study reveals the molecular
mechanism of butyrate from a new perspective, demon-
strates that NaB may inhibit inflammation and fibrosis gene
expression and ameliorate DKD through histone Kbu, and
provides a basis for the future study or application of NaB,
suggesting that novel histone modification may be a new tar-
get for the prevention and treatment of DKD.
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