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Background: Inflammatory resolution is an active and coordinated process. Histone acetylation represents the primary epigenetic
alteration associated with inflammatory diseases. However, the precise role of histone acetylation in the resolution of inflammation
remains poorly understood.

Methods: Lipopolysaccharide (1 pg/mL, 10 ng/mL) and Escherichia coli (10° c.fu. 10° c.fu.) were employed to establish
inflammatory models both in vitro and in vivo. UPLC-MS/MS was utilized to quantify acetyl CoA and lipid mediators. gPCR was
conducted to assess the expression of specific genes. Flow cytometry analysis was performed to enumerate polymorphonuclear
neutrophils and monocytes/macrophages. Histone acetylation was evaluated using Western blotting.

Results: Our analysis reveals that histone acetylation and acetyl CoA are temporally regulated during the inflammatory response.
A low-dose challenge results in heightened histone acetylation and reduced acetyl CoA. Metabolic repatterning during the inflamma-
tory response promotes the generation of acetyl CoA and histone acetylation. Furthermore, the overexpression of histone acetylation
enhances the production of anti-inflammatory lipid mediators, particularly the specialized pro-resolving lipid mediators (SPMs).
Conclusion: These findings illustrate that histone acetylation is not only temporally and differentially regulated during inflammatory
responses but also interacts with metabolic reprogramming to promote the production of SPMs, thereby facilitating inflammation
resolution.
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Introduction

Increasing evidence indicates that dysfunction in inflammatory reactions can lead to a variety of diseases.' Inflammatory
resolution is an active and coordinated process.>> The ideal outcome of this resolution is a timely return to
homeostasis.”* The initiation and resolution of inflammation are tightly regulated by lipid mediators (LMs), including
specialized pro-resolving lipid mediators (SPMs).” SPMs, such as lipoxins, resolvins, protectins, and maresins, have been
shown to facilitate the resolution of inflammation by limiting polymorphonuclear neutrophil (PMN) infiltration and
enhancing macrophage (M®) activity.”’ However, the underlying mechanisms governing the generation of SPMs and
their regulatory functions remain to be fully elucidated.

Histone modifications, including histone methylation, acetylation, and deacetylation, are closely associated with
inflammatory diseases.®® Histone acetylation, a significant epigenetic modification, plays critical roles in regulating the
expression of pro-inflammatory and anti-inflammatory genes, serving as a mechanism for modulating inflammatory
responses.'® For example, lactic acid induces transcriptional repression of macrophage pro-inflammatory functions
through histone acetylation;'' the increased levels of histone acetylation triggered by inflammatory stimuli result in
a more relaxed chromatin structure, thereby promoting the transcription and expression of pro-inflammatory genes such
as TNF-g, IL-6, and IL-1pB.'* Recent research has revealed that epigenetic modifications play a central role in the
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regulation of LMs.'*!'* However, the role of histone acetylation in inflammatory resolution and the production of SPMs
remains to be comprehensively investigated.

Therefore, this study aims to elucidate the mechanisms by which histone acetylation contributes to the resolution of
inflammation, particularly its regulatory effects on the production and function of SPMs, with the goal of providing new
theoretical insights and potential therapeutic targets for the treatment of inflammatory diseases.

Materials and Methods
Cell Lines

The immortalized bone marrow-derived macrophages (iIBMDM) were generously provided by Professor Feng Shao from
the National Institute of Biological Sciences in Beijing, China. These cells were cultured in RPMI-1640 medium (Gibco,
Cat#C11875500BT), supplemented with 10% Fetal Bovine Serum (FBS) sourced from South America (ZETA,
Cat#Z7185FBS), and maintained without penicillin-streptomycin (P/S) under standard culture conditions. To generate
self-limited and delayed-resolving inflammatory models, iBMDM cells were induced with lipopolysaccharide (LPS) at
concentrations of 10 ng/mL and 1 pg/mL, respectively.'>'® In certain experiments, a 10 pM histone acetyltransferase
inhibitor (HATi) (WM-1119 Selleck S8776), a 10nM RvD2 (Obtained from Cayman Chemical) and a 1 pM ACSS2
inhibitor (VY-3-135, MCE) were administered.

Mice and Murine Peritonitis

Eight-week-old male C57BL/6Jnifdc mice were obtained from Vital River Laboratory (Beijing, China) and maintained
under controlled, specific pathogen-free conditions with a 12-hour light cycle. The mice were fed a standard chow diet at
Chongqing University Cancer Hospital. Self-limited and delayed-resolution murine peritonitis models were established
as previously described.> Mice were administered intraperitoneal injections of Escherichia coli (E. coli, serotype 06:K2:
HI) at concentrations of 10° and 10° colony-forming units (c.fu.) to induce self-limited and delayed-resolving
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inflammatory responses, respectively.'”'® E. coli was cultured in LB broth and harvested during the mid-log phase
(OD450 nm ~1.0; 1 x 10° ¢.fu. mL™"). Peritoneal lavage was performed at 0, 4, and 24 hours post-injection, and the total
number of infiltrated cells was assessed using trypan blue. PMNs and Mono/M® were quantified using light microscopy
and immunofluorescent staining techniques. In the specified experiments, HATi (WM-1119, Selleck S8776) was
administered at a dosage of 10 mg/kg.

All animal experiments were approved by the Ethics Committee of Chongqing University Cancer Hospital
(Chongqing, China, CZLS202107-A). These experiments adhered to national and international guidelines for the care
and use of laboratory animals, and were conducted in compliance with the Declaration of Helsinki as approved by the
Animal Care and Use Committee of Chongqing University Cancer Hospital.

Seahorse Experiment

This experiment was detailed in our previous research.'” Macrophages were seeded at a density of 1x10? cells per
well in 96-well plates and allowed to adhere for 3 to 4 hours. Subsequently, they were treated with LPS at
a concentration of 10 ng/mL for either 4 hours or 24 hours. Following treatment, the cells were transferred to
unbuffered assay media and incubated in a non-CO, incubator at 37°C for 1 hour. Oxygen consumption rates (OCR)
were measured using an Agilent Seahorse XFp analyzer, following the sequential addition of oligomycin (1.5 pM,
diluted in Seahorse XFp Base media, 495455, Sigma), FCCP (1.0 uM, diluted in Seahorse XFp Base media, C2920,
Sigma), and Rotenone/Antimycin A (Rot/AA) (0.5 uM, diluted in Seahorse XFp Base media, 35410/R8875,
Sigma). Additionally, the Extracellular Acidification Rate (ECR) was assessed using the same Agilent Seahorse
XFp analyzer after the addition of Rot/AA (0.5 mmol/L, diluted in Seahorse XFp Base media, 35410/R8875,
Sigma).

Quantitative Real-Time Polymerase Chain Reaction (qPCR)

Total RNA was extracted from the cells using the RNA-easy Isolation Reagent (Vazyme, R701-02), and the RNA
concentration was quantified with the NanoDrop 2000 (Thermo Scientific). One microgram of total RNA was converted
to complementary DNA (cDNA) utilizing the PrimeScript RT-PCR Kit (Takara, RRO14A) in accordance with the
manufacturer’s protocol. gPCR was conducted with 2x SYBR Green qPCR Master Mix (Selleck, B21203) on a CFX384
system (BIO-RAD), and the expression levels of target genes were assessed using the relative quantification (279"
method. The expression of B-actin mRNA served as a reference for mRNA quantification. All gPCR experiments were

performed in triplicate. Primer sequences were sourced from Primer Bank (https://pga.mgh.harvard.edu/primerbank/).

Flow Cytometry

Peritoneal exudates, along with cultured PMNs and Mono/M®, were collected for flow cytometry analysis. The cells
were incubated with the specified antibodies for 30 minutes at 4°C. The antibodies utilized included CD11b (clone M1/
70, catalog no. 101206, BioLegend, San Diego, CA), F4/80 (clone BM8, catalog nos. 123110 and 123116, BioLegend),
and Ly6G (clone 1A8, catalog no. 127618, BioLegend). Flow cytometry was conducted using CytoFLEX LX platforms,
and the results were analyzed with FlowJo Software version 10.8.1.

Western Blot (WB) Analysis

Histone proteins were extracted from iBMDM cells and murine ascites using the EpiQuik™ Total Histone Extraction Kit
(Base Catalog no. OP-0006). Total proteins were extracted from iBMDM cells using RIPA Lysis Buffer (Beyotime no.
P0013B) and PMSF (Beyotime no. ST506). According to the previously established protocols and manufacturer’s
instructions, Western blot analysis was subsequently performed to evaluate the levels of histone acetylation, histone
acetyltransferase (HAT), 15-Lox and 5-Lox.>*?! The primary antibodies employed in this analysis included Histone H3
(D1H2 XP® Rabbit mAb no. 4499, Cell Signaling Technology), Pan-kac (Anti-Acetyllysine Mouse mAb no. PTM-101,
Jingjie), HAT (Rabbit polyclonal antibody no. 11432-1-AP, Proteintech), 5-Lox (Rabbit mAb no. CY8019, Abways), 15-
Lox (Rabbit polyclonal antibody no. H00000246-D01P, Abnova). Band quantification was carried out using densitometry
with Imagel software.
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Detection of ATP

Intracellular ATP levels were quantified using a commercial ATP assay kit (catalog no. S0026, Beyotime). Following the
administration of E. coli (serotype O6: K2: H1; 10° ¢.f.u.) to mice and the induction of iBMDM with LPS (10 ng/mL) for
24 hours, ATP was measured in accordance with the manufacturer’s protocol.

Determination of d-glucose-'>Cg Incorporation into Acetyl-CoA

Following the established protocols,”> iBMDM cells were washed twice with PBS and incubated in 10 mL of culture
medium containing 10% FBS, 90% glucose-free DMEM, and 25 mM d-glucose-"*C¢ (MCE, HY-B0389A) for 24 hours.
After the culture medium was removed, the cells were washed twice with pre-cooled PBS, mixed with 1 mL of pre-
cooled methanol, and subsequently collected by scraping. The cell extracts were then analyzed using ultra-high-
performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) to assess metabolites, including pyr-
uvate, acetyl-CoA, and lactic acid.

UPLC-MS/MS Analysis

The levels of various lipids, acetyl-CoA, pyruvate and lactic acid were analyzed by UPLC-MS/MS. This process
employed a UPLC I-Class system (Waters, Milford, Massachusetts, USA) coupled with an AB SCIEX Instruments
6500 Q-TRAP mass spectrometer (Applied Biosystems, Foster City, California, USA) operating in negative ionization
mode. The mobile phase was composed of a mixture of methanol, water, and acetic acid at a ratio of 60:40:0.01 (v/v/v),
which was progressively modified to 85:15:0.01 over 30 minutes, and subsequently to 100:0:0.01 over the following
5 minutes, maintaining a flow rate of 200 mL/min. Instrument control and data acquisition were performed using Analyst
V.1.6 software (Applied Biosystems). For lipid identification, a minimum of six diagnostic ions along with retention
times were utilized. Quantification was achieved through the peak area of multiple reaction monitoring transitions, and
a linear calibration curve was established for each compound.

Statistical Analysis

All results were validated through a minimum of three independent experiments and are reported as mean + SEM. To
compare two groups, we employed unpaired two-tailed Student’s 7-test or one-way or two-way analysis of variance
(ANOVA) followed by Sidak’s multiple comparisons test, utilizing GraphPad Prism software (version 8.0) to determine
statistical significance. A P-value of < 0.05 was deemed statistically significant. In the data presented, *denotes P < 0.05,
**signifies P < 0.01, ***indicates P < 0.001, and ****means P < 0.0001.

Results

Temporal Regulation of Histone Acetylation During Inflammation Resolution
To investigate the relationship between histone acetylation and the resolution of inflammation, we employed well-
established models of self-limited inflammation, both in vivo and in vitro. In the in vivo model, mice were intraper-
itoneally inoculated with E. coli at a concentration of 10° c.f.u. In the in vitro model, iBMDM were induced with LPS at
10 ng/mL. In the self-limited murine peritonitis model, PMN infiltration peaked at 12 hours, followed by a decline
(Figure 1a). Conversely, the population of monocytes/macrophages (Mono/M®) rebounded at 4 hours and gradually
increased from 4 to 24 hours (Figure 1a). These findings are consistent with the anti-inflammatory actions of M®.'”
Acetyl-CoA acts as the exclusive donor of the acetyl group for histone acetylation.”> ** We conducted a stable isotope tracing
assay by treating iBMDM cells with d-glucose-'"*Cq (25 mM) and LPS (10 ng/mL) for 24 hours, subsequently measuring the
levels of key intermediate metabolites, including pyruvate, lactate, and acetyl-CoA. The results indicated that the levels of
pyruvate (M+3) and acetyl-CoA (M+2) were significantly elevated compared to lactate (M+3) (Figure 1b). Conversely,
treatment of iBMDM with the acetyl-CoA synthetase inhibitor ACSS2i (1 pM) resulted in a significant reduction in both
pyruvate (M+3) and acetyl-CoA (M+2) levels, along with a notable increase in lactate (M+3) (Figure 1b). These findings confirm
the carbon flux into the acetyl-CoA pool during the inflammatory response. In vivo, acetyl-CoA decreased to a minimum at
4 hours and peaked at 12 hours (Figure 1c); but in vitro, the level of acetyl-CoA decreased to its lowest level at 4 hours and
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Figure | Temporal and differential levels of histone acetylation and inflammatory cytokines during self-limited inflammation resolution. (a) C57BL/6 mice (n=5 per time
point) were injected intraperitoneally with E. coli at a concentration of 10° c.fu. The exudate PMN and Mono/M® were enumerated. (b) D-glucose-'C, labeled pyruvate,
lactate and acetyl-CoA in iBMDM cells after treatment with LPS (10ng/mL) and ACSS2i (1uM) for 24 hours. (c) Acetyl CoA levels in vivo and in vitro experiments were
assessed using UPLC-MS/MS. (d) The levels of histone acetylation in vivo and in vitro experiments were analyzed by Western blotting using antibodies against Pan-Kac and
Histone H3. (e and f) The expression levels of Tnf-a and I/ 0 were assessed by qPCR. Results are presented as mean + SEM (n =3 or 4). *P < 0.05, **P < 0.01.
Abbreviation: ns, not significant.

subsequently increased (Figure 1c). For histone acetylation, we observed an increase following the onset of inflammation,
peaking at 12 hours in vivo (Figure 1d). In vitro, however, histone acetylation reached its maximum at 4 hours (Figure 1d), which
was earlier than that observed in vivo.

Histone acetylation mediates the transcription of inflammation-related genes.'' We assessed the mRNA expressions
of cytokines using quantitative real-time polymerase chain reaction (QPCR). From both in vivo and in vitro inflammatory
experiments, we observed that tumor necrosis factor-a (7nf-a), a pro-inflammatory cytokine, exhibited an increasing
trend at 4 hours, followed by a decline at 12 and 24 hours (Figure le). In contrast, and as expected, the anti-inflammatory
interleukin-10 (Z/-10) significantly increased over the 24-hour period (Figure 1f). These results suggest that histone
acetylation is involved in inflammation resolution and is temporally and differentially regulated.
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Differential Histone Acetylation Patterns in Self-Limited versus Delayed-Resolving

Inflammation
Our previous study demonstrated that self-limited inflammation exhibits distinct characteristics compared to delayed-
resolving inflammation.” To investigate the differences in histone acetylation between these two types of inflammation,
we utilized murine models of peritonitis induced by administering 10> ¢.f.u. and 10° ¢.fu. of E. coli intraperitoneally. In
vitro, we induced iBMDM using LPS at concentrations of 10 ng/mL and 1 pg/mL, corresponding to the self-limited and
delayed-resolving inflammation models, respectively.

In the murine peritonitis model, PMNs peaked at 12 hours before declining, while PMN levels continued to rise over
24 hours in the delayed-resolution group (Figure 2a). The levels of Mono/M® decreased following the onset of
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Figure 2 The differential histone acetylation and acetyl CoA levels in self-limited versus delayed-resolving inflammation. C57BL/6 mice were subjected to intraperitoneal
injection of E. coli to induce peritonitis, with two groups established: self-limited (10° c.f.u.) and delayed-resolving (10° cf.u.) (n=5 per time point). Additionally, LPS was
cultured with iBMDM at concentrations of 10 ng/mL for the self-limited group and | pg/mL for the delayed-resolving group. Exudates were collected at specified intervals for
analysis. PMN (a) and Mono/M® (b) were quantified. The expression levels of histone acetylation (c and ) were assessed using Western blotting. The levels of acetyl CoA
(d and f) were analyzed via UPLC-MS/MS. Results are presented as as mean + SEM (n = 3 to 4). **P < 0.01, and ***P < 0.001.
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inflammation but exhibited an increase at 12 hours, occurring later than in the self-limited inflammation model
(Figure 2b). Histone acetylation levels in the self-limited group were observed to be higher than those in the delayed-
resolving group at both the 4 and 12-hour time points; however, at the 24-hour mark, histone acetylation levels decreased
but remained significantly higher in the delayed-resolving group (Figure 2c). Additionally, acetyl-CoA levels demon-
strated a gradual increase over the 24-hour period, with significantly higher levels recorded in the delayed-resolving
group (Figure 2d). In vitro analyses corroborated that the levels of histone acetylation (Figure 2e) and acetyl-CoA
(Figure 2f) were consistent with the in vivo findings.

Regarding inflammatory cytokines, a high-dose LPS challenge significantly elevated the levels of pro-inflammatory
cytokines, including Tnf-a, Il-1f, and II-6 (Supplemental Figure S1). In contrast, a low-dose LPS challenge resulted in

increased production of anti-inflammatory cytokines, such as //-710, Cd206, and transforming growth factor-beta (7gf-5)
(Supplemental Figure S1). The inflammatory cytokines associated with self-limited and delayed-resolving inflammation

in vitro are detailed in Supplemental Figure S1. Collectively, these findings suggest that the delayed increase in histone

acetylation is associated with the prolonged resolution of inflammation.

Metabolic Reprogramming Modulates Histone Acetylation During Inflammation

Resolution

Given that inflammation can modulate energy metabolism in both physiological and pathological contexts,?®*’

we
analyzed the characteristics of metabolic reprogramming during the resolution of inflammation. We observed that
glycolytic genes, specifically Hifla and Glutl, increased and peaked at 4 hours, subsequently declining to near baseline
levels at 24 hours in the exudates of murine peritonitis. Additionally, lipid metabolism genes, including Pparg and Fasn,
showed significant increases at 4 hours (Figure 3a and Supplemental Figure S2a). In vitro analyses revealed that the

mRNA expressions of Hifla, Glutl, Pparg, and Fasn paralleled those observed in vivo (Figure 3b and Supplemental
Figure S2b). Notably, ATP levels exhibited a gradual increase over the 024 hour period (Figure 3c). These findings
demonstrate that metabolic reprogramming of glucose and lipid metabolism occurs during the resolution of inflammation.

We subsequently evaluated the extracellular acidification rate (ECAR) and the oxygen consumption rate (OCR) using
Seahorse experiments. Notably, during the onset of inflammation, the ECAR was significantly higher than during the
resolution phase, indicating that energy metabolism is predominantly driven by glycolysis (Figure 3d). In contrast, the
OCR was elevated at 24 hours compared to 4 hours, suggesting an increase in oxidative phosphorylation during the
resolution of inflammation (Figure 3d). Glycolysis is the primary source of acetyl-CoA.?®*° Acetyl-CoA serves as
a substrate for histone acetylation. Collectively, these findings suggest that metabolic reprogramming during the
inflammatory response enhances histone acetylation.

Histone Acetylation Mediates Production of Anti-Inflammatory LMs

As noted above, histone acetylation is closely linked to metabolic reprogramming. We investigated whether histone
acetylation regulates lipid metabolism, thereby promoting the production of anti-inflammatory lipid mediators, particu-
larly SPMs. The process of histone acetylation is regulated by histone acetyltransferases (HAT).>* We employed a HAT
inhibitor (HAT1) in inflammatory models both in vivo and in vitro, identifying and profiling the characteristics of PMNs,
Mono/M®, histone acetylation, and acetyl-CoA. Our findings revealed that the count of PMNs increased at 4 hours post-
inoculation with HATi, while the count of Mono/M® rose at 24 hours following HATi treatment (Figure 4a). Histone
acetylation levels decreased at both 4 and 24 hours post-inoculation with HATi (Figures 4b and ¢). Additionally, acetyl-
CoA levels were elevated after HATi treatment (Figures 4d and e).

Using UPLC-MS/MS, we assessed the expression levels of LMs in peritoneal exudates, including SPMs and other
anti-inflammatory lipid mediators. Our results demonstrated that SPMs, specifically Protectin D1, Maresinl, and resolvin
D5 (RvDS5), along with anti-inflammatory LMs such as 5-HEPE, 12-HEPE, 15-HEPE, 4-HDoHE, 7-HDoHE, 13-
HDoHE, 14S-HDoHE, 16-HDoHE, and 17-HDoHE, were significantly decreased at 4 hours post-HATi treatment
(Figure 4f). In vitro experiments corroborated these findings, revealing that SPMs (RvD2, Maresinl, Maresin2) and anti-
inflammatory LMs (5-HEPE, 8S-HEPE, 9S-HEPE, 12-HEPE, 14S-HDoHE, 16-HDoHE, and 17-HDoHE) also exhibited
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Figure 3 Metabolic reprogramming during inflammation resolution. (a) C57BL/6Jnifdc mice (n=5 per time point) were inoculated with E. coli at a concentration of 10° cf.u,,
and exudates were collected at 0, 4, and 24 hours post-inoculation; the expressions of Hifla, Glut!, Pparg, and Fasn were analyzed using quantitative real-time PCR (qPCR).
(b) iBMDM were cultured with LPS at a concentration of 10 ng/mL, and the expressions of Hifla, Glutl, Pparg, and Fasn were quantified. (c) ATP levels in exudate cells were
measured using an ATP Assay Kit. (d) The Seahorse experiments were conducted to evaluate OCR and ECAR using the Seahorse XFp analyzer. Results are presented as
mean * SEM (n = 3).*P < 0.05, *P < 0.01, *¥*P < 0.001, ***P < 0.0001.

Abbreviation: ns, not significant.
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Figure 4 LMs-SPMs profiles are regulated by histone acetylation. Male mice (n=5 per time point)) and iBMDM cells were challenged with E. coli (10° cf.u.) and LPS
(10 ng/mL), respectively, to induce inflammatory responses, followed by treatment with HAT inhibitors (HATi) for 4 and 24 hours. (a) The enumeration of PMN and
Mono/M®. Histone acetylation in murine ascites (b) and in iBMDM cells (c) were assessed through WB experiments. The levels of acetyl CoA in murine ascites (d)
and in iBMDM cells (e) were quantified using UPLC-MS/MS. (f and g) Lipid mediators (including SPMs) derived from eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) were analyzed by UPLC-MS/MS. (h) The protein levels of 15-Lox and 5-Lox in HATi-treated and control groups were determined by WB. Results are
presented as mean + SEM (n = 3).*P < 0.05, **P < 0.01, ***P < 0.001,****P < 0.0001.

Abbreviation: ns, not significant.

significant reductions at 4 hours after HATi treatment (Figure 4g). To further elucidate the mechanistic link between
histone acetylation and SPM biosynthesis, we assessed the protein levels of key enzymes involved in SPM synthesis,
specifically 15-LOX and 5-LOX, at 4 and 24 hours post-HATi treatment using Western blot analysis (Figure 4h). The
results demonstrated a significant reduction in the levels of both enzymes in the HATi treatment group compared to the
control group. Collectively, these findings suggest that histone acetylation could facilitate the production of anti-

inflammatory LMs and promote the resolution of inflammation.
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Discussion

The inflammatory response represents a common pathophysiological condition. Despite significant research efforts, the
mechanisms governing its resolution remain poorly understood. In this study, we offer novel insights into the relationship
between histone acetylation and the resolution of inflammation. Our findings suggest that histone acetylation is crucial
for regulating the resolution of inflammation, in conjunction with metabolic reprogramming and the production of anti-
inflammatory LMs, including SPMs.

Histone acetylation is a chemical modification catalyzed by histone acetyltransferases, all of which require acetyl-
CoA as the essential donor of the acetyl group in eukaryotic cells.”> ** In our study, we conducted a d-glucose-'3Cy
tracing assay to measure the levels of pyruvate (M+3), lactate (M+3), and acetyl-CoA (M+2). The results indicated
a carbon flux into the acetyl-CoA pool, thereby validating this pathway of acetyl-CoA synthesis during the inflammatory
response. Furthermore, our findings demonstrated a strong positive correlation between elevated acetyl-CoA levels and
increased histone acetylation. Due to limitations in detection technology, we were unable to observe d-glucose-'>Cg
labeled histone acetylation. Nevertheless, multiple lines of evidence support the close relationship between histone
acetylation and acetyl-CoA, with acetyl-CoA serving as the exclusive donor of the acetyl group for histone
acetylation.”* >

Histone acetylation plays a critical role in epigenetic modifications that influence various biological processes by
altering chromatin conformation and regulating gene expression. This includes chromatin remodeling and inflammatory
responses.’” Previous research has demonstrated that histone acetylation modulates inflammatory responses by upregu-
lating the expression of both pro-inflammatory and anti-inflammatory genes.'®*' In our research, we investigated the
relationship between histone acetylation and the inflammatory response through a series of inflammatory experiments.
We observed that histone acetylation and inflammatory cytokines are temporally and differentially regulated during the
resolution of inflammation. The pro-inflammatory factor, such as TNF-a, was upregulated during the initial phase of
inflammation. This increase in pro-inflammatory mediators was accompanied by elevated levels of histone acetylation.
As inflammation gradually resolved, the expression of pro-inflammatory factors declined, while anti-inflammatory
factors, such as IL-10, remained relatively high, thereby contributing to the resolution of inflammation. Furthermore,
the inflammatory response induced histone acetylation, which facilitated the production of SPMs, further promoting the
resolution of inflammation.

Based on the results of in vitro experiments presented in Figures lc and d, which illustrate an inverse relationship
between histone acetylation and acetyl-CoA levels at 12 and 24 hours, we hypothesized that SPMs might inhibit HAT,
thereby contributing to this observed phenomenon. To investigate this hypothesis, we treated iBMDM cells with RvD2
(10 nM)—a representative SPM—for 24 hours, following established experimental protocols designed to evaluate its
potential inhibitory effect on HAT.?> Western blot analysis revealed a significant reduction in HAT protein levels after
RvD2 treatment (Supplemental Figure S3), indicating that RvD2 mediates a negative feedback inhibition of HAT activity.

To model physiological and pathological inflammation, Tang et al tested varying concentrations of E. coli solution
(10%, 10%, 10%, 107, and 10® c.f.u.) in mice and monitored clinical symptoms.'® Their findings revealed that mice exposed
to higher bacterial loads (10°, 107, and 10® c.f.u.) developed severe inflammatory conditions, whereas those treated with
lower doses (10 and 10° c.fu.) exhibited milder symptoms.'® In a similar vein, Chiang et al utilized E. coli at
concentrations of 10° and 107 c.fu. to induce inflammatory responses in studies focused on self-limited and delayed-
resolving inflammation.'” However, our preliminary experiments indicated that E. coli at a concentration of 107 c.fu.
resulted in unacceptably high mortality rates. Consequently, we opted for E. coli doses of 10° and 10° c.fu. for our
models of self-limited and delayed-resolving inflammation. In the context of in vitro inflammation modeling, Augello
and Shen et al demonstrated that LPS at concentrations of 10 ng/mL and 1 pg/mL effectively simulates physiological and
pathological inflammatory stimuli, respectively.'>'® Based on these findings, we adopted these LPS concentrations for
our in vitro experiments.

In the context of self-limited versus delayed-resolving inflammation, a high-dose challenge resulted in a greater
accumulation of acetyl-CoA during both the initiation and resolution phases compared to self-limited inflammation.

Stronger stimuli were observed to elevate acetyl-CoA levels. Notably, a lower-dose challenge produced higher levels of
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histone acetylation during both the initiation and resolution phases, whereas a higher-dose challenge specifically
increased histone acetylation levels during the resolution phase. These findings suggest that the delayed increase in
histone acetylation is linked to the prolonged resolution of inflammation.

Inflammatory resolution is an active process in which cells undergo metabolic reprogramming to facilitate the
resolution of inflammation and promote tissue repair.*> We examined the metabolic profile during inflammatory response
and observed a significant upregulation of glycolysis-related genes (Hifla and Glutl) and lipid metabolism genes (Pparg
and Fasn) at the 4-hour time point. Glycolysis serves as the primary source of acetyl-CoA.?**° The production of acetyl-
CoA promotes histone acetylation.>*** Furthermore, the reprogramming of lipid metabolism can also modulate the
inflammatory response and aid in the repair of inflammatory damage.*” In our investigation of oxidative phosphorylation
genes, we measured only Afp5al, which exhibited a significant increase at the 4-hour mark. Notably, key oxidative
phosphorylation genes, including those encoding cytochrome c¢ oxidase (Cox), were not detected. Additionally, the
results from the Seahorse experiment indicated a higher OCR at 24 hours compared to 4 hours, suggesting a marked
transition in energy metabolism from glycolysis to oxidative phosphorylation. This metabolic reprogramming enhances
energy efficiency and supports the repair process.*

Histone acetylation is tightly regulated by the enzymes of histone acetyltransferases and deacetylases.>’ Previous
studies have shown that inflammatory stimuli initially trigger the infiltration of PMNs, which subsequently recruit Mono/
M® to facilitate the anti-inflammatory response.”* SPMs, derived from polyunsaturated fatty acids, have been demon-
strated to promote the resolution of inflammation and restore homeostasis.***** We analyzed the expressions of LMs
before and after HATi treatment in both in vivo and in vitro inflammatory experiments. The results suggested that SPMs
(Protectin D1, Maresin 1, RvD2, RvDS5) and other anti-inflammatory LMs (5-HEPE, 12-HEPE, 14S-HDoHE, 16-
HDoHE, 17-HDoHE, among others) significantly decreased following inoculation with HATi. These findings indicate
that histone acetylation regulates SPMs production. The inhibitor of histone acetyltransferases presents a potential
therapeutic agent for inflammatory conditions.** However, in the present study, we did not validate the specificity of
HATi (WM-1119), which represents a limitation of our research. However, numerous previous studies have established
that WM-1119 is a potent and selective inhibitor of histone lysine acetyltransferases.*'*** Specifically, WM-1119 binds
directly to the acetyl-CoA binding site of histone lysine acetyltransferases with high specificity.*'-** These established
findings provide strong support for our selection of WM-1119 and enhance the reliability of our experimental results.

Our findings indicate that HATi and SPM analogs hold promise as potential interventions for alleviating inflamma-
tion. Currently, an SPM analog, Resolvin E1 (RvE1, TP-317), has successfully completed a Phase 1a clinical trial, with
results indicating its potential as a breakthrough therapy for inflammatory diseases.*® Furthermore, several SPM analogs
are undergoing clinical trials for various inflammatory conditions, including resolvins for inflammatory back pain
(NCT06356844) and an SPM-enriched supplement targeting inflammation-induced vascular aging (NCT07038252).
Presently, clinical investigations of HATi have primarily focused on oncology, particularly on malignancies characterized
by dysregulation of the p300/CBP pathway.***> Notably, two HATi compounds, A-485 and CCS1477, have progressed
to clinical testing for these specific indications.***>

HATi may exhibit synergistic effects when combined with anti-inflammatory therapies, such as NSAIDs and
biologics. For instance, HATi can suppress COX-2 expression by inhibiting NF-kB activity,*® suggesting that the
combination of HATi with NSAIDs may provide a dual blockade of the NF-kB-driven inflammatory cascade.
Additionally, HATi have been shown to inhibit p300-mediated acetylation of the TNF-a and IL-6 promoters, thereby
reducing the production of these pro-inflammatory cytokines.*” This mechanism implies that combining HATi with
biologics, such as infliximab (anti-TNF-a) or tocilizumab (anti-IL-6 receptor), could potentially enhance anti-
inflammatory efficacy. However, since HAT regulates not only histones but also a variety of non-histone substrates,
including transcription factors and signaling proteins, modulating HAT activity may lead to unpredictable alterations in
gene expression profiles.*® Furthermore, the toxicity and pleiotropic effects of HATi pose significant challenges for their
clinical translation.

In summary, this study utilized both in vivo and in vitro inflammatory experiments to demonstrate that histone
acetylation is temporally and differentially regulated in association with metabolic reprogramming during the inflamma-
tory response. The overexpression of histone acetylation was shown to enhance the production of anti-inflammatory lipid
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mediators (including SPMs), which possess pro-resolution properties. However, our investigation examined the relation-
ship between histone acetylation and inflammation resolution at the whole-genome level. Future research focusing on
histone acetylation at specific gene loci will yield a more precise understanding of its role in the inflammation resolution
process.
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