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Background: Increased inflammation contributes to pressure overload-induced myocardial remodeling. 17(R)-Resolvin D1 (17(R)-
RvD1), a potent lipid mediator derived from docosahexaenoic acid, possesses anti-inflammatory and pro-resolving properties.
However, the association between 17(R)-RvD1 and pressure overload-induced cardiac hypertrophy remains unclear.

Methods: Transverse aortic constriction (TAC) surgery was performed to establish a cardiac hypertrophy model. C57BL/6J mice
were randomly assigned to the Sham, TAC and TAC+17(R)-RvD1 groups. 17(R)-RvD1 was injected (2 pg/kg, i.p.) before TAC
surgery and once every other day after surgery for 4 weeks. The same volume of saline was injected into the mice in both Sham group
and TAC group. Then, cardiac function was evaluated and heart tissues were collected for biological analysis.

Results: 17(R)-RvD1 treatment attenuated TAC-induced increase in left ventricular diameter and decrease in left ventricular
contractility, mitigated increased cardiomyocyte cross-sectional area, and downregulated the expression of hypertrophic genes.
Besides, 17(R)-RvD1 attenuated myocardial fibrosis, as indicated by the decreased LV collagen volume and expression of fibrotic
genes. In addition, 17(R)-RvD1 ameliorated the inflammatory response in cardiac tissue, as illustrated by the decreased infiltration of
CD68" macrophages and reduced production of pro-inflammatory cytokines, including TNF-a, IL-1B, and IL-6. 17(R)-RvDI treatment
significantly suppressed the activation of NLRP3 inflammasome after TAC surgery, which might be responsible for the attenuation of
inflammation in cardiac tissue.

Conclusion: 17(R)-RvD1 attenuated pressure overload-induced cardiac hypertrophy and fibrosis, and the possible mechanism may be
associated with the inhibition of NLRP3 inflammasome. 17(R)-RvD1 may serve as a potential drug for the treatment of cardiac
hypertrophy.
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Introduction

Heart failure (HF), which is the severe and final stage of heart diseases, such as coronary heart disease and hypertension,
is currently a widespread concern and a crucial risk factor for cardiac disease-related mortality." It is clear that cardiac
remodeling is the main mechanism underlying the occurrence and development of HF, and cardiac hypertrophy is one of
its main manifestations.> As a compensatory response of the myocardium to long-term pressure or volume overload,
cardiac hypertrophy is generally characterized by cardiomyocyte enlargement and increased extracellular matrix
deposition.*> Under conditions of sustained pressure or volume overload, the progression of cardiac remodeling is
accompanied by the decompensation of cardiac hypertrophy, interstitial fibrosis, inflammatory infiltration, and metabolic
disorders® and will ultimately develop into end-stages.>® Despite advances in treatment, the mortality rate associated
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with HF remains high. Therefore, it is essential to discover specific molecules and signaling pathways that block cardiac
hypertrophy to further identify potential strategies for preventing myocardial hypertrophy.

Resolvins are naturally occurring lipid-derived pro-resolving mediators that function in the resolution phase of
inflammation.”® Immune responsive resolvin D1 (RvDI1) is a potent anti-inflammatory molecule with pro-resolving
activities.” 17(R)-RvD1 is the epimer of RvDI, and it exhibits equivalent functionality to RvDI.'” It has been
demonstrated that RvD1 can improve left ventricular (LV) function post-myocardial infarction (MI), reduce neutrophil
recruitment to the LV, decrease collagen deposition, and promote macrophage clearance post-MI.'" Additionally, it has
been shown that RvD1 decreases the activation of the nuclear factor kB (NF-kB) pathway in a rat model of the vascular
artery and smooth muscle inflammation.'? Our previous study also showed that RvD1 protects against sepsis-induced
cardiac injury in mice by attenuating the infiltration of pro-inflammatory M1 macrophages and the expression of
inflammatory cytokines in the heart by suppressing the NK-kB and mitogen-activated protein kinase (MAPK) signaling
pathways."® A recent study showed that the administration of RvD1 attenuated angiotensin II (Ang IT) induced cardiac
hypertrophy and perivascular fibrosis but without exploring the underlying mechanisms.'* Despite there are several
studies providing evidence of the role of RvD1 on acute cardiac damage, the role of 17(R)-RvD1 in pressure overload-
induced cardiac remodeling is still unclear, prohibiting the understanding of any potential mechanism for the effect of
RvD1 on chronic myocardial remodeling. Therefore, in this study, we evaluated the protective role of 17(R)-RvDI in
pressure overload-induced cardiac remodeling and further explored the potential mechanisms.

Materials and Methods

Reagents
17(R)-RvD1 (7,8,17-trihydroxydocosa-4,9,11,13,15,19-hexanoic acid) was purchased from Cayman Chemical (Ann
Arbor, MI, United States).

Animals

All of the animal care and experimental procedures conformed to the Guidelines for the Care and Use of Laboratory
Animals published by the United States National Institutes of Health (NIH Publication, revised 2011) and the protocol
was developed according to ARRIVE guidelines 2.0.'® This study was approved by the Animal Care and Use Committee
of Renmin Hospital of Wuhan University (Wuhan, China). Male C57BL/6 mice (8 weeks old, weighing 23-25 g) were
supplied by Vital River Laboratory Animal Technology Co. Ltd. (Beijing, China). The animals were maintained on a 12/
12-light/dark cycle with free access to regular rodent chow and tap water for 1 week before the experiments. The mice
were randomly assigned to three groups: the Sham group, the Transverse aortic constriction (TAC) group, and TAC+17
(R)-RvD1 group. A minimally invasive transverse aortic constriction (TAC) technique in mice without endotracheal
intubation and ventilator ventilation. Briefly, after animal preparation, the skin at the midline position of the neck was
opened and the aortic arch was separated subsequently under a dissection microscope. The 27G needle was used as
a spacer and then the aortic arch was ligated with 6/0 monofilament suture. The sham group underwent the same
procedure but without ligation. After the operation, the mice were placed in a pre-warmed cage for recovery and post-
operative monitoring. Buprenorphine (0.05-0.1 mg/kg s.c. every 12 h) was injected after mice regained consciousness to
relieve pain. Each mouse received a daily subcutaneous injection of 50,000 U of penicillin for infection prophylaxis
from day 1 to day 3 after the operation. The animals were sent back to a 12-h light/dark cycle room after full recovery. In
the TAC+17(R)-RvD1 group, 17(R)-RvD1 (Cayman Chemical, Ann Arbor, Michigan) was injected (2 pg/kg, i.p.) once,
30 min prior to the TAC surgery and then administrated once every other day after the surgery until the mice were
sacrificed. The dose and dosing schema were selected based on prior published work.'**'® The same volume of saline was
injected into the mice in both the Sham group and the TAC group. Four weeks after TAC surgery, echocardiography was
performed, and then, the mice were euthanized by carbon dioxide asphyxiation. The heart weight of mice was collected
for the ratio of heart weight (HW)/body weight (BW) and HW/tibia length (TL). The left cardiac tissues were collected
for detailed analyses.
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Echocardiography

Echocardiography was performed on the mice as described previously.'” Briefly, mice were anesthetized using 1.5-2.0%
isoflurane. Heart rates and images were acquired using a VINNO 6 device (VINNO Technology, Suzhou, China) with
a linear probe working at a frequency of 23 MHz. The left ventricular end-systolic diameter (LVESd) and left ventricular
end-diastolic diameter (LVEDd) were measured, parameters were given in millimeters, and the left ventricle ejection
fraction (EF) and fractional shortening (FS) were calculated using the LVESd and LVEDd values.

Histological Analysis and Immunohistochemistry

Hearts were isolated and arrested in a 10% KCI solution. After fixation with 4% paraformaldehyde for 5 days, the hearts
were embedded in paraffin and sliced into approximately 5-pum-thick sections. Subsequently, the hearts were stained with
hematoxylin and eosin (H&E) for histopathology and Picrosirius Red (PSR) for collagen deposition analysis. The
sections were then visualized by light microscopy. The cross-sectional area (CSA) from randomly selected fields (40
myocytes for each group) was measured using a quantitative digital image analysis system (Image-Pro Plus, version 6.0).
The LV collagen volume fraction was calculated from the PSR slides as the positive area stained by PSR/the total tissue
area. For immunohistochemistry, The heart sections were heated using the pressure cooker method for antigen retrieval,
incubated with anti-CD68 antibodies (ab955, Abcam), incubated with goat anti-rabbit EnVision™+/horseradish perox-
idase (HRP) reagent, and stained using a DAB detection kit. The number of CD68" cells was quantified using Image-Pro
Plus and the percentage of positive cells was calculated as follows: [(positive cells) / (total cell number)] x 100%.

Immunofluorescence

The paraffin sections were generated as described above. Immunofluorescence staining was used to confirm the
expression of nucleotide-binding oligomerization domain-like receptor 3 (NLRP3) in the heart. After a 5-min high-
pressure antigen retrieval process (sodium citrate buffer, 100x, pH 6.0), the sections were incubated in PBS containing
10% fetal bovine serum for 60 min and subsequently incubated overnight at 4 °C with the anti-NLRP3 primary antibody
(GB11300, Servicebio, China). The sections were then washed with PBS and incubated with the appropriate secondary
antibodies for 1 hour at 37 °C. Fluorescein isothiocyanate-conjugated wheat germ agglutinin (WGA) staining was
utilized for the detection of cell membranes. The nuclei were stained with 4,6-diamidino-2-phenylindole (DAPI). Images
were all obtained with a fluorescence microscope (Olympus Dx51) and DP2-BSW software (Version 2.2), and the images
were analyzed with Image-Pro Plus (Version 6.0) in a blinded manner.

Western Blotting

Protein was extracted from left ventricle tissue and the protein concentrations of all the samples were normalized before
analysis. Procedures were performed as previously described.'® The cell lysates (50 ug) were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and subsequently transferred to Immobilon-FL poly-
vinylidene fluoride (PVDF) membranes (Millipore, Beijing, China). A gel transfer device (Invitrogen) was used, and the
membranes were incubated with different primary antibodies, including antibodies against GAPDH (#2118, Cell
Signaling), P-Smad2/3 (abs130992, absin), T-Smad2/3 (#8685, Cell Signaling), ASC (SC-514414, Santa Cruz
Biotechnology), IL-1B (sc-52012, Santa Cruz Biotechnology), and c-caspase-1 (sc-56036, Santa Cruz Biotechnology).
Incubation with the secondary antibodies, either goat anti-rabbit IgG (#7074, Cell Signaling) or goat anti-mouse IgG
(#7076; Cell Signaling), was performed for 60 min. The blots were scanned by a two-color infrared imaging system
(Odyssey; LICOR) to quantify protein expression. Specific protein expression levels were normalized to those of
GAPDH.

Quantitative Real-Time PCR

Total RNA was extracted from frozen heart tissues with TRIzol reagent (Invitrogen Life Technologies, United States).
Two micrograms of RNA from each sample were reverse-transcribed into cDNA using oligo(dT) primers and
a Transcriptor First Strand cDNA Synthesis kit (Roche, Germany). LightCycler 480 SYBR Green Master Mix (Roche,

Drug Design, Development and Therapy 2023:17 heeps: 3075

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

Germany) was used to quantify the PCR products. The mRNA levels of the target genes were analyzed with the 224"
method, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the internal control. The PCR cycling
conditions were as follows: initial activation at 95 °C for 10 min followed by 40 cycles of 95 °C for 15 s and 60 °C for 1
min. The sequences of the target gene-specific primers used for qRT-PCR are shown in Table 1.

Statistical Analysis

All the data were analyzed by SPSS (version 24.0) and are presented as the means + standard errors of the mean (SEMs).
To compare the differences among groups, a one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test
was conducted if the dataset exhibited a normal distribution, otherwise Kruskal-Wallis H-test followed by Dunnett’s post
hoc test was utilized. A level of P<0.05 was considered to be statistically significant.

Results
I7(R)-Resolvin DI Treatment Attenuates Cardiac Dysfunction and Hypertrophy in

Response to Pressure Overload
Figure 1A depicts the experimental protocol. TAC induced cardiac dysfunction and hypertrophy, as illustrated by
a significantly higher left ventricular (LV) diameter (TAC vs Sham, LVEDd, 4.56+0.07 mm vs 3.68+0.18 mm;
LVESd, 3.86+0.13 mm vs 2.36+0.13 mm) and lower left ventricular contractility (TAC vs Sham, EF%, 35.20+4.79 vs
70.20+2.56; FS%, 14.604+2.38 vs 35.80+2.36), and this effect was reversed by the administration of 17(R)-RvD1 (TAC vs
TAC+17(R)-RvD1, LVEDd, 4.56+£0.07 mm vs 4.42+0.15 mm; LVESd, 3.86+0.13 mm vs 3.26+0.13 mm; EF%, 35.20
+4.79 vs 57.40+2.59; FS%, 14.60+£2.38 vs 26.30+1.42) (Figure 1B-E).

Compared to the mice in the Sham group, mice in the TAC group also exhibited increased HW/BW and HW/TL ratios
(Figure 1F and G) and an increased cardiomyocyte CSA, as indicated by the morphology of H&E and WGA staining
(Figure 2A-D). Consistently, we found an upregulation of hypertrophic markers, including atrial natriuretic peptide (ANP),

Table | Sequences for the Primers Used in the qRT-PCR
Experiments

Genes Sequences

M-GAPDH-F-A ACTCCACTCACGGCAAATTC
M-GAPDH-R-A TCTCCATGGTGGTGAAGACA
M-ANP-F-A ACCTGCTAGACCACCTGGAG
M-ANP-R-A CCTTGGCTGTTATCTTCGGTACCGG
M-BNP-F-A GAGGTCACTCCTATCCTCTGG
M-BNP-R-A GCCATTTCCTCCGACTTTTCTC
M-B-MHC-F CCGAGTCCCAGGTCAACAA
M-B-MHC-R CTTCACGGGCACCCTTGGA
M-Collagenl-F ACTGCAACATGGAGACAGGTCAGA
M-Collagenl-R ATCGGTCATGCTCTCTCCAAACCA
M-CollagenllI-F GGAACCTGGTTTCTTCTCACC
M-Collagenlll-R TAGGACTGACCAAGGTGGCT
M-TGFp-F TTTGGAGCCTGGACACACAGTACA
M-TGFB-R TGTGTTGGTTGTAGAGGGCAAGGA
M-CTGF-F TGACCCCTGCGACCCACA
M-CTGF-R TACACCGACCCACCGAAGACACAG
M-TNF-F CATCTTCTCAAAATTCGAGTGACAA
M-TNF-R TGGGAGTAGACAAGGTACAACCC
M-ILI1B-F GCCCATCCTCTGTGACTCAT
M-ILIB-R AGGCCACAGGTATTTTGTCG
M-IL-6-F AGTTGCCTTCTTGGGACTGA
M-IL-6-R TCCACGATTTCCCAGAGAAC
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Figure 1 17(R)-Resolvin DI treatment ameliorates pressure overload-induced cardiac dysfunction in mice. Protocol (A). Mice were subjected to either transverse aortic
constriction (TAC) or a sham operation. 2 pg/kg 17(R)-RvD| (Cayman ChemicalAnn, Arbor, Michigan) or saline was injected intraperitoneally before TAC and once every
other day for 4 weeks until harvest. The left ventricular end-diastolic diameter (LVEDd) (B) and left ventricular end-systolic diameter (LVESd) (C) were measured by
echocardiography in each group (n=5). The left ventricle ejection fraction (LVEF) and fractional shortening (LVFS) were calculated using the LVEDd and LVESd values (D and
E). Heart weight (HW)/body weight (BW) (F) and HW/tibia length (TL) (G) ratios in the indicated group (n=5). The data were analyzed using One-way ANOVA followed by
Tukey’s post hoc test. A level of P<0.05 was considered to be statistically significant. Data are presented as the mean + SEMs. *P < 0.05 compared with the Sham group, *P <

0.05 compared with the TAC group.
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Figure 2 17(R)-Resolvin D1 treatment improves cardiac hypertrophy induced by pressure overload. Histological analyses of the hematoxylin-eosin (HE) staining (A and B),
wheat germ agglutinin (WGA) staining (C) and quantification of the average cross-sectional areas (D) in each group (n=3) (Scale Bar, 50um). Expression of transcripts of
hypertrophic biomarkers ANP (E), BNP (F), B-MHC (G) in each group, as determined by RT-PCR analysis (n=4). The data were analyzed using One-way ANOVA followed
by Tukey's post hoc test. Data are presented as the mean * SEMs. *P < 0.05 compared with the Sham group, *P < 0.05 compared with the TAC group.

Drug Design, Development and Therapy 2023:17 heeps: 3077

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

B-type natriuretic peptide (BNP), and B-myosin heavy chain (B-MHC), induced by TAC surgery (Figure 2E-G). In contrast,
17(R)-RvD1 treatment notably mitigated these changes, except for the changes in the levels of B-MHC. These results
suggested that 17(R)-RvD1 treatment attenuated pressure overload-induced cardiac dysfunction and cardiac hypertrophy.

I 7(R)-Resolvin DI Treatment Improves Cardiac Fibrosis Induced by Pressure
Overload

Four weeks after TAC surgery, the mice in the TAC group developed significantly increased interstitial and perivascular
fibrosis (Figure 3A—C). The expression of the fibrotic markers Collagen type I alpha 1 chain (Collal), Collagen type III
alpha 1 chain (Col3al), transforming growth factor-f1 (TGFB1), and connective tissue growth factor (CTGF) was
markedly increased in the TAC group, while 17(R)-RvD1 treatment significantly attenuated the cardiac fibrosis induced
by TAC surgery (Figure 3D-G).
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Figure 3 17(R)-Resolvin D1 treatment improves cardiac fibrosis in mice after TAC surgery. PSR staining of histological sections of left ventricles (A) and statistical results of
LV collagen volume (B and C) (n=3) (Scale Bar, 50um). The mRNA expressions of collagen | (D), collagen Il (E), transforming growth factor (TGF)-B1 (F), and connective
tissue growth factor (CTGF) (G), in the myocardium were obtained from the indicated groups using RT-PCR analysis (n=4). Protein expressions of P-Smad2/3 and T-Smad2/3
were tested by Western blot analysis. GAPDH was used as an internal control (H) and quantification of the p-Smad2/3 level in the indicated groups (n=3) (I). The data were
analyzed using One-way ANOVA followed by Tukey’s post hoc test. Data are presented as the mean * SEMs. *P < 0.05 compared with the Sham group, #P < 0.05 compared
with the TAC group.
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To further elucidate the molecular mechanisms by which 17(R)-RvD1 inhibits fibrosis, we examined the Smad
cascade. As expected, TAC induced significant activation of reactive Smad 2/3, and the increased phosphorylation of
Smad2/3 was suppressed by 17(R)-RvDI1 treatment (Figure 3H and 1.) Therefore, our results suggested that 17(R)-RvD1
negatively regulates the extent of cardiac fibrosis induced by pressure overload, possibly by blocking the Smad cascade.

I7(R)-Resolvin D1 Reduces the Infiltration of Macrophages Induced by Pressure

Overload in Cardiac Tissue

To confirm the effects of 17(R)-RvD1 treatment on inflammatory cells, the infiltration of macrophages into the heart was
detected by immunohistochemistry. Compared to the Sham group, the infiltration of CD68" macrophages was signifi-
cantly increased in the TAC group, while 17(R)-RvD1 treatment obviously attenuated the increased infiltration of CD68"
macrophages. These results indicated that 17(R)-RvDI1 attenuated the cardiac inflammatory response by reducing the
infiltration of CD68" macrophages into the heart (Figure 4A and B).

I7(R)-Resolvin DI Decreases the Inflammatory Cytokine Production Induced by

Pressure Overload in Cardiac Tissue

We further analyzed the mRNA expression of inflammatory cytokines, including TNF-a, IL-1B, and IL-6, in the heart
tissues of the three groups. Compared to that in the Sham group, increased expression of inflammatory cytokines was
observed in the TAC group. However, the increased expression of inflammatory cytokines was notably attenuated by
treatment with 17(R)-RvD1 (Figure 4C-E).

NLRP3 Signaling Plays an Important Role in the Beneficial Effect of 17(R)-RvDI| on
Pressure Overload-Induced Hypertrophy

Previous studies have suggested that the NLRP3 inflammasome may play a crucial role in regulating inflammatory
cytokines.'® We further examined the activation of the NLRP3 inflammasome. As shown in Figure 5A, the staining
results showed that NLRP3 was mainly expressed in the cytoplasm of cardiomyocytes, and the expression level of
NLRP3 was upregulated 4 weeks after TAC surgery, which was significantly downregulated after 17(R)-RvD1 treatment.

To further investigate the molecular mechanism underlying the protective effects of 17(R)-RvD1 treatment on
myocardial remodeling, we evaluated the activation of the NLRP3 pathway via Western blotting. As expected, our
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Figure 4 |7(R)-Resolvin DI reduces inflammatory cytokine production and the infiltration of inflammatory cells induced by pressure overload in cardiac tissue. Infiltration
of CD68" macrophages (A and B) in the heart in different groups (n=3) (Scale Bar, 40um), the black arrowheads indicate CDé8-positive cells. The mRNA levels of pro-
inflammatory cytokines tumor necrosis factor-o (TNF-a) (C), interleukin (IL)-1B (D), and IL-6 (E) were assessed in cardiac tissue (n=4). The data were analyzed using One-
way ANOVA followed by Tukey's post hoc test. Data are presented as the mean  SEMs. *P < 0.05 compared with the Sham group, #P < 0.05 compared with the TAC group.
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Figure 5 17(R)-Resolvin DI treatment suppressed the activation of the NLRP3 signalling pathway in the heart. NLRP3 was assessed by immunofluorescence in the LV tissue
of each group (n=3) (Scale Bar, 40um) (A). Protein expressions of apoptosis-associated speck-like protein containing a CARD (ASC), c-caspase-|, procaspase-|, IL-1f, and
pro-IL-1p in myocardial tissue were tested by Western blot analysis (B), GAPDH was used as internal control and quantification of the ASC, c-caspase-1, IL-1[3 level in the
indicated groups were analyzed (C—E) (n=4). The data were analyzed using One-way ANOVA followed by Tukey’s post hoc test. Data are presented as the mean + SEMs. *P
< 0.05 compared with the Sham group, *P < 0.05 compared with the TAC group.

results revealed that TAC surgery dramatically increased the expression levels of apoptosis-associated speck-like protein
containing a CARD (ASC), c-caspase-1, and IL-1p in myocardial tissue, and 17(R)-RvD1 treatment markedly reversed
these changes (Figure 5B—E).

Discussion

In this study, we clearly revealed that 17(R)-RvD1 could attenuate pressure overload-induced cardiac hypertrophy and
fibrosis. Mechanistically, 17(R)-RvD1 inhibited pressure overload-induced macrophage infiltration and inflammatory
cytokine secretion, and NLRP3 signaling may be responsible for the attenuation of inflammation and cardiac
hypertrophy.

Cardiac hypertrophy is a complex, multi-factor, dynamic process. The main pathological changes of myocardial
hypertrophy include increased myocardial cell volume, increased intracellular protein synthesis, and increased extra-
cellular matrix and collagen deposition.*'® Similarly, fibroblast proliferation and increased intracellular matrix protein
synthesis are also partly responsible for the deposition of extracellular matrix and collagen and the increase in ventricular
wall stiffness, which contribute to cardiac dysfunction in many cardiac pathophysiologic conditions.?**' In addition to
the role of cardiomyocytes and fibroblasts, inflammation is also associated with the occurrence and development of
cardiac hypertrophy. Studies have shown that the administration of exogenous TNF-a, IL-1, and IL-6 or the over-
expression of pro-inflammatory cytokines can promote myocardial hypertrophy and fibrosis, causing cardiac
insufficiency.”> %* Consistently, the absence of TNF-a and IL-6 can inhibit myocardial hypertrophy and interstitial
fibrosis, thereby improving the cardiac dysfunction induced by pressure overload.”> 2’ In addition, as the main source
of inflammatory factors, immune cells are also involved in the progression of cardiac hypertrophy.®** Therefore, the
inflammation response was a promising target to improve myocardial remodeling.

Specialized pro-resolving lipid mediators (SPMs) are a series of small molecular substances that were discovered in
recent years and exert significant anti-inflammatory and pro-resolving effects;*® these molecules are metabolized and
synthesized by omega-3 polyunsaturated fatty acids in the body.*! Resolvin D1 (RvD1), a bioactive lipid mediator that is
synthesized from docosahexaenoic acid, is a member of the SPM family, and it has been reported to reduce the
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production of pro-inflammatory cytokines and the infiltration of immune cells in inflamed tissues and exert protective
effects in ischaemic injury models, asthma models, and acute lung injury models.''3*-*

We are aware that there are several relevant studies that analyze the protective effect of RvD1 on cardiac remodeling
in different models. One study suggested RvD1 could prevent cardiac remodeling via reducing cardiac hypertrophy,
cardiac fibrosis, and the serum levels of Interferon y (IFN-y) and IL-1PB, with the participation of N-formyl peptide
receptor 2 (FPR2),>® but limited to a murine model of early chronic Chagas disease caused by the protozoan
Trypanosoma cruzi. Another study reported that RvD1 is capable of attenuating Ang Il-induced chronic cardiac
inflammation and cardiac hypertrophy, but without exploring the underlying mechanisms.'* In addition, RvD1 was
reported to prevent atrial fibrillation-promoting right atrial remodeling in an animal model of right heart disease,
suggesting the potential mechanism may be partially associated with suppressing inflammatory changes and fibrotic/
electrical remodeling.** And the in vitro study showed that RvD1 could prevent all Ang II effects in rat cardiac
fibroblasts via reducing the intracellular Ca2" increase.”> However, the research content of the above two studies is
fundamentally different from that of this study. One study found that RvD1 could stimulate the pro-resolving marker
Arginase 1 (Arg-1) in both WT and 12/15-lipoxygenase (LOX) "~ macrophages and diminished expression of cycloox-
ygenase-2 (COX-2) but upregulated 5-LOX expression in 12/15-LOX '~ cardiac fibroblast, suggesting RvDI are
responsive in determining macrophages phenotype and cardiac fibroblast plasticity,*® consistent with our result. As
expected, this study shows that TAC surgery exacerbated cardiac hypertrophy and fibrosis, increased the infiltration of
CD68" macrophages and increased the expression of pro-inflammatory cytokines, such as TNF-a, IL-1B, and IL-6;
however, 17(R)-RvD1 treatment attenuated pressure overload-induced cardiac hypertrophy, fibrosis, and dysfunction.
Moreover, 17(R)-RvD1 reduced macrophage infiltration and attenuated the increase in pro-inflammatory cytokine
production, which is consistent with previous works.'*-’

The NLRP3 signaling pathway is generally considered an important driving force of the activation of the cardiac
inflammatory response.*®*° Studies suggest that the NLRP3 inflammasome pathway is involved in the pro-inflammatory
response of pressure load-induced myocardial remodeling.'® NLRP3 inflammasome is upregulated in pressure overload-
induced myocardial remodeling, the inhibition of the NLRP3 signaling pathway could attenuate inflammatory lesions,
decrease fibroblast proliferation and collagen deposition, and improve cardiac mechanical function.*' Another study
suggests that caspase-1 inhibitor could significantly inhibit the increase in mean cardiomyocyte surface area and reduce
the fibrotic area in the myocardium after TAC.** In addition, our recent work found that the administration of selective
NLRP3 inhibitor MCC950 from two weeks after TAC surgery could reverse pressure overload-induced pathological
cardiac remodeling, indicating the clinical therapeutic effects of NLRP3 inhibitor.*® In this study, our results suggest that
17(R)-RvD1 treatment could inhibit the activation of NLRP3 signaling pathways, which may contribute to the cardio-
protective effects of 17(R)-RvD1.

The possible mechanisms underlying the inhibition of NLRP3 inflammasome 17(R)-RvD1 were not clarified, which
is a limitation of this study. One possible mechanism is that RvD1 interferes with the production of mitochondrial
reactive oxygen species (ROS) in cardiomyocytes. Mitochondrial ROS are involved in the activation of the NLRP3
signaling pathway, and RvD1 could decrease the levels of ROS via activation of the Nrf2/Keapl pathway, which
indicates that RvD1 may participate in the regulation of the NLRP3 signaling pathways by mediating the reduction in the
levels of mitochondrial ROS.*** In addition, we cannot exclude the fact that other mechanisms are involved in the 17
(R)-RvD1-mediated attenuation of pressure overload-induced cardiac hypertrophy. More studies are required to clarify
the detailed molecular relationship between pro-resolving lipid mediators and NLRP3 inflammasome.

Conclusion

In conclusion, we demonstrated that 17(R)-RvD1 could attenuate pressure overload-induced cardiac hypertrophy and
fibrosis, and the possible mechanism may be associated with the inhibition of NLRP3 inflammasome. 17(R)-RvD1 may
serve as a potential drug for the treatment of cardiac remodeling.
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