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Blockade of mesenteric and omental adipose
tissue sensory neurons improves cardiac
remodeling through sympathetic pathway

Jiaxing Huang,1,2 Xinyu Liu,1,2 Qinfang Qiu,1 Wuping Tan,1 Rui Li,1 Haosong Xi,1 Chen Peng,1 Liping Zhou,1

Xiaoya Zhou,1,* Yueyi Wang,1,* and Hong Jiang1,3,*
SUMMARY

Mesenteric andomental adipose tissue (MOAT) communicates directlywith the heart through the secretion
of bioactive molecules and indirectly through afferent signaling to the central nervous system. Myocardial
infarction (MI) may induce pathological alterations in MOAT, which further affects cardiac function. Our
study revealed thatMI induced significantMOAT transcriptional changes in genes relatedwith signal trans-
duction, including adiponectin (APN), neuropeptide Y (NPY), and complement C3 (C3), potentially influ-
encing afferent activity. We further found that MOAT sensory nerve denervation with capsaicin (CAP) pre-
vented cardiac remodeling, improved cardiac function, and reversed cardiac sympathetic nerve
hyperactivation in theMI group, accompanied by reduced serumnorepinephrine. In addition, CAP reversed
the elevated MOAT afferent input and brain-heart sympathetic outflow post-MI, increasing APN and NPY
and decreasing C3 and serum proinflammatory factors. These results demonstrated that blockade of the
MOATafferent sensorynerveexertsa cardioprotectiveeffectby inhibitingthebrain-heart sympathetic axis.

INTRODUCTION

Myocardial infarction (MI) is the leading cause of death worldwide. With advancements in treatment options, the survival rate has increased

significantly; however, there is still room for improvement in preventing adverse cardiac remodeling. MI is accompanied by sympathetic ner-

vous system (SNS) activation,1 which has clinical implications by altering adipokines and inflammatory markers via sympathetic innervation.2,3

Excessive activation of SNS post-MI further promotes cardiac function deterioration and disease progression. Our previous studies have

confirmed the existence of the cardiac sympathetic excitation axis,4,5 which extends from the hypothalamic paraventricular nucleus (PVN),

a central regulatory hub for sympathetic outflow, to the superior cervical ganglion (SCG), a sympathetic ganglion innervating the heart.6 In-

hibition of the PVN-SCG-heart sympathetic axis is crucial for preventing adverse cardiac outcomes following MI.

Clinical data suggest a complex relationship between human adipose tissue and cardiovascular disease,7 including the obesity paradox.

Accumulation of body mass is a risk factor for MI, but it is associated with a better prognosis compared to non-overweight/obese patients,

partly due to the altered secretomic profile and inflammatory status of adipose tissue under pathological conditions.8 However, the relation-

ship between adipose tissue and cardiac disease in non-overweight patients and the potential feedback has rarely been studied. Clinical

studies have shown that patients with MI exhibit an adipokine imbalance, with significantly lower adiponectin (APN) and higher leptin levels,

especially in patients with visceral obesity.9 APN is a classic anti-inflammatory agent that regulates thermal nociceptive sensitivity via the tran-

sient receptor potential cation channel subfamily V member 1 (TRPV1) of sensory neurons in the dorsal root ganglion (DRG).10 The decreased

APN corresponds to an increased incidence of neuropathic pain in post-MI patients,11 which further complicates disease progression.

Visceral adiposity has a detrimental effect on the cardiometabolic risk profile.12 Neuroanatomical and functional evidence suggests that

visceral adipose tissue (VAT) is innervated by the sympathetic nerve, which also possesses sensory afferent nerve endings.13–15 Activation of

the SNS through VAT afferent activity is associated with obesity and hypertension.16,17 Pharmacological ablation with capsaicin (CAP) or

anatomical denervation can provide hypertensive benefits via VAT-PVN sympathetic inhibition but not under normal conditions.18,19 Howev-

er, the anatomical location of adipose depots determines their specific function. Previous studies have primarily focused on inguinal, perire-

nal, and retroperitoneal adipose tissue as well as the central projection in the PVN through the DRG.20 Few studies have examinedmesenteric

or omental adipose tissue. Furthermore, the effect of VAT afferent feedback on the heart post-MI remains unclear, despite the potential car-

dioprotective effects of VAT afferent inhibition throughmodification of abnormal PVN cardiac sympathetic efferent outflow. Research on the
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sympathetic interaction betweenmesenteric and omental adipose tissue (MOAT) and the heart can elucidate the underlyingmechanism and

promote the further development of a valuable therapeutic strategy for pathological conditions.

VAT communicates directly with the heart through bioactive molecule secretion, and indirectly through afferent signaling to the central

nervous system. The above evidence suggests that VAT afferent nerves may influence the ‘‘PVN-SCG-heart’’ sympathetic axis. This study

aimed to investigate transcriptional alterations in MOAT following MI and explore their potential influence on cardiac function. Additionally,

this study sought to determine whether MOAT afferent intervention can be cardioprotective throughmodification of the abnormal PVN sym-

pathetic efferent outflow to the heart. These results could provide insights into the pathological status of MI and lead to the development of

cardioprotective strategies with potential clinical therapeutic benefits.

RESULTS

Alterations in the transcriptional status of MOAT after MI

We assessed the transcriptional changes in MOAT two weeks after MI using RNA-seq in MOAT samples from the MI and Sham groups. Differ-

entially expressedgenes (DEGs)were identified to further investigate theeffect ofMI onMOAT. Principal component analysis (PCA) of the RNA-

seq data revealed significant differences in gene signatures between the two groups (Figure S1A). The volcano plot and heatmap of the data

showed 240 upregulated genes and 513 downregulated genes in the MI group compared to the Sham group (Figures 1A and 1B). Kyoto

Encyclopedia of Genes and Genomes (KEGG) pathway analysis revealed thatMI onset significantly altered genes related to ‘‘environmental in-

formation processing’’, particularly in the ‘‘signal transduction’’ and ‘‘signalingmolecules and interactions’’ categories (Figure 1C). Additionally,

significant alterations were observed in the ‘‘Endocrine system’’ genes within the ‘‘Organismal Systems’’ category. Figures S1B–S1Dpresent the

results of GeneOntology (GO) enrichment analysis and a table of significantly upregulated anddownregulated genes.We then used theKEGG

enrichment method to analyze the altered genes and found that the peroxisome proliferator-activated receptor (PPAR) signaling pathway was

themost significantly enriched pathway (Figure 1D). The PPAR signaling pathway, identified through the KEGGenrichmentmethod, comprised

12 genes, including APN, Lpl, Plin1, Plin4, Acsl1, and Fabp4, most of which were lipolysis-related genes, and APN was the only adipokine. APN

was one of the most significantly altered genes in the PPAR signaling pathway. Gene Set Enrichment Analysis (GSEA) of the PPAR signaling

pathway revealed that APN was a core gene involved in mediating alteration in MOAT post MI (Figure S1E). Additionally, APN also belonged

to the ‘‘Endocrine system’’ category in the KEGG pathway analysis. Subsequently, we studied the neuroactive ligand-receptor interaction with

the largest number of alteredgenes in the KEGGenrichment analysis, including 17genes such asC3,NPY,Adrb3,Mc2r, Tshr,Ptger3, P2rx2, and

Agt. Among these genes, neuropeptide Y (NPY) and complement C3 (C3) have been shown to activate sensory afferent nerves through direct

activation or neuroinflammation. Given that APN, NPY, and C3 have been documented to increase sensory neuron afferent inputs, we further

investigated the effect of MOAT sensory nerve denervation (MOAT-D) on the heart after MI.

MOAT-D alleviated cardiac remodeling after MI

CAP microinjection was used to block the sensory afferent nerves of MOAT. The experimental protocol is illustrated in Figure 2A. Normal-

weight rats were used to eliminate the potential confounding effects of obesity, and there was no significant difference in body weight before

and after the intervention (Figure S1F). Masson’s staining was used to detect myocardial fibrosis (Figure 2B). The findings revealed that MI

induced cardiac fibrosis, which was significantly reversed by CAP (Figure 2C). The MI group exhibited a higher number of TUNEL-positive

cells than the Sham group and CAP treatment significantly decreased apoptosis (Figures S3A and S3B). Subsequently, the effect of

MOAT-D on post-MI cardiac function was evaluated by echocardiography in MI rats at 2 and 4 weeks, as shown in Figure 2C. Left ventricular

systolic function was significantly impaired after MI, as evidenced by significant decreases in ejection fraction (EF) and fractional shortening

(FS). The CAP group showed significant improvements compared with the MI group, indicating the beneficial effect of MOAT-D on post-MI

cardiac function (Figures 2D and 2E). Additionally, MI significantly increased left ventricular internal dimension (LVID), including systolic LVID

(LVIDs) and diastolic LVID (LVIDd) compared to the Sham group, which were attenuated in CAP group (Figures 2F and 2G). In addition, we

observed the same cardioprotective effect at four weeks postoperatively (Figures S2A–S2E). These findings suggested that CAP significantly

improved MI-induced cardiac dysfunction.

MOAT-D attenuated systemic sympathetic activity after MI

We assessed the effect of MOAT-D on the autonomic nervous system by measuring heart rate variability (HRV) to reflect cardiac autonomic

function and used ELISA to evaluate serum norepinephrine (NE) levels as a marker of systemic sympathetic activity. The MI group exhibited

increased low frequency (LF) power, LF/high frequency (HF) power ratio, and decreased HF power compared to the Sham group, indicating

heightened sympathetic modulation and diminished parasympathetic tone followingMI. However, these changes weremitigated in the CAP

group (Figures 3A–3C). Furthermore, as depicted in Figure 3D, the serum levels of NE in the MI group were significantly elevated compared

with those in the Sham group, whereas the CAP group showed alleviation of this alteration. Similarly, the CAP group also displayed an

improvement in systemic sympathetic hyperactivity four weeks after the operation (Figures S2F–S2H).

MOAT-D inhibited SCG activation and remodeling after MI

Since the SCG serves as a crucial cardiac sympathetic ganglion, we further evaluated its function and remodeling.21 Our findings revealed a

reduction in the proportion of c-fos-positive neurons in the SCG of the CAP group, suggesting that MOAT-D inhibited SCG activation and
2 iScience 27, 110245, July 19, 2024



Figure 1. Transcriptional alterations in MOAT after MI

(A, B) Volcano plot (A) and heatmap (B) showing upregulated or downregulated DEGs in MOAT induced by MI.

(C) KEGG pathway classification of DEGs altered by MI.

(D) KEGG enrichment between Sham and MI groups. Q-values <0.05. MI, myocardial infarction; DEGs, differentially expressed genes; KEGG, Kyoto

Encyclopedia of Genes and Genome; Q-value, FDR-adjusted p-value.
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outflow to the heart (Figures 4A and 4B). Studies have demonstrated morphological and neurochemical remodeling in the cardiac sympa-

thetic ganglion after MI.22–25 Immunohistochemical staining was performed to evaluate the intensity of tyrosine hydroxylase (TH) and choline

acetyltransferase (ChAT) neurons in the SCG four weeks after MI to assess neurochemical remodeling. TH positivity represented adrenergic

neurons, whereas ChAT positivity represented cholinergic neurons. Representative images from each group are shown in Figure 4C. Our
iScience 27, 110245, July 19, 2024 3



Figure 2. MOAT-D improved cardiac dysfunction and cardiac remodeling after MI

(A) Experimental protocol. Modeling and intervention were performed simultaneously, with samples taken at 2 and 4 weeks to observe cardiac remodeling,

cardiac sympathetic nervous system, and ganglion remodeling, respectively.

(B) Representative images and quantitative analysis of Masson’s staining in all groups.

(C–G) Representative images and echocardiography analysis for EF (D), FS (E), LVIDs (F), and LVIDd (G) in the three groups. MI, myocardial infarction; CAP,

capsaicin; MOAT-D, mesenteric and omental adipose tissue sensory nerve denervation; HRV, heart rate variability; EF, ejection fraction; FS, fractional

shortening; LVIDs, left ventricular internal dimension (systole); LVIDd, left ventricular internal dimension (diastole); **p < 0.01, ***p < 0.001, ****p < 0.0001.

One-way ANOVA analysis with Tukey’s multiple comparisons test was used for normally distributed statistical analysis. Values represent mean G SD.
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results indicated that the intensity of TH and ChAT neurons in the MI group was significantly higher than that in the Sham group (Figures 4D

and 4E). However, the CAP group showed a marked reversal of this change, suggesting an inhibitory effect of MOAT-D on neurochemical

remodeling in the SCG post MI.
MOAT-D exhibited inhibited DRG activation and modulated the brain-heart sympathetic axis after MI

We further investigated the MOAT sensory afferent transmission. qRT-PCR revealed a significant increase in the expression of the transmitter

calcitonin gene-related peptide (CGRP) in the DRG after MI, indicating sensory afferent pathway activation. In contrast, the CGRP levels were

suppressed in the CAP group (Figure 5A). Western blot analysis revealed a trend consistent with the qRT-PCR results (Figures 5B and 5C).

Immunohistochemical analysis showed that TRPV1 expression increased significantly in the DRG after MI and was restored by CAP treatment

(Figures 5D and 5E). Furthermore, immunofluorescence labeling was used to determine the proportion of c-fos-positive neurons in the PVN.

As depicted in Figure 5F, a significant increase in c-fos-positive neurons in the PVN was observed in the MI group compared to the Sham

group, indicating enhanced central sympathetic activation and outflow following MI. However, this upregulation was ameliorated in the

CAP group (Figure 5G). These findings suggested that MOAT-D significantly inhibited DRG and PVN activation.
4 iScience 27, 110245, July 19, 2024



Figure 3. MOAT-D inhibited systemic sympathetic activity after MI

(A–C) Spectral analysis of HRV reflecting cardiac sympathetic activity: LF (A), HF (B), and the ratio of LF/HF (C).

(D) Differences in serumNE levels. MI, myocardial infarction; HRV, heart rate variability; CAP, capsaicin; LF, low frequency (0.20–0.75 Hz); HF, high frequency (0.75–

0.2 Hz); LF/HF, ratio of LF to HF; NE, norepinephrine; **p < 0.01, ***p < 0.001, ****p < 0.0001. One-way ANOVA analysis with Tukey’s multiple comparisons test

was used for normally distributed statistical analysis. Values represent mean G SD.
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MOAT-D modulated PPAR signaling pathway and systemic inflammation after MI

Compared with the Sham group, the mRNA and protein expression levels of APN in the MOAT decreased significantly after MI, which was

reversed by CAP treatment (Figures 6A and 6B). We further examined the mRNA and protein expression levels of C3 and NPY. The results

showed that the mRNA and protein expression levels of C3 in MOAT were significantly increased after MI, while NPY were significantly

decreased. However, the mRNA expression of C3 and the protein expression of C3 and NPY was restored by CAP (Figures 6C–6F). Subse-

quently, we assessed systemic inflammation by measuring serum levels of IL-6 and TNF-a using ELISA. As shown in Figures 6H and 6I, the

inflammatory markers in the serum of the MI group were significantly elevated, whereas the CAP group exhibited markedly lower inflamma-

tion than the MI group.
DISCUSSION

The present study revealed that MOAT exhibited significant alterations in genes associated with neuronal signal transduction and the endo-

crine system followingMI, whichmight trigger a positive feedback loop and enhance the cardiac sympathetic outflow. Indeed,MOAT sensory

afferent denervation presented a significant potential to attenuate excessive cardiac sympathetic overactivation post-MI, thereby restoring

cardiac function and alleviating cardiac remodeling. These findings reveal crosstalk between MOAT and the heart, emphasizing the cardio-

protective effect of MOAT sensory afferent intervention through the brain-heart sympathetic axis.

MOAT represents a crucial component of human VAT,26 but its biological functions during the pathological state of MI are not fully un-

derstood. A recent study reported that myocardial ischemia/reperfusion-induced plasma extracellular vesicles release can cause endo-

plasmic reticulum stress and endocrine dysfunction in adipocytes.27 Furthermore, activated immune cells (dendritic cells) post-MI canmigrate

to the epicardial adipose tissue and release cytokines and growth factors.28 In addition, MI-related SNS overactivation signals to the integra-

tion center of the PVN, thereby triggering MOAT sympathetic outflow. These circulatory, metabolic, and sympathetic abnormalities post-MI

might directly affect MOAT. To evaluate these effects, bulk RNA sequencing was used to identify significant alterations in the MOAT tran-

scriptome induced byMI. KEGGenrichment analysis of themodified genes revealed thatMI significantly altered the PPAR signaling pathway,

neuroactive ligand-receptor interaction, lipolysis regulation in adipocytes, and adipocytokine signaling pathway inMOAT. Using GSEA of the
iScience 27, 110245, July 19, 2024 5



Figure 4. MOAT-D suppressed SCG hyperactivation and remodeling after MI

(A) Representative immunofluorescence staining of c-fos in the SCG of all groups. Scale bar = 50 mm.

(B) The percentage of c-fos-positive neurons in TH+-stained neurons.

(C) Representative images of TH and ChAT expression assessed by immunohistochemistry in the SCG. Scale bar = 50 mm.

(D and E) Quantitative data on the expression of TH and ChAT in SCG. MI, myocardial infarction; CAP, capsaicin; TH, tyrosine hydroxylase; ChAT, choline

acetyltransferase; SCG, superior cervical ganglion; DAPI, 40,6-diamidino-2-phenylindole; ***p < 0.001, ****p < 0.0001. One-way ANOVA analysis with Tukey’s

multiple comparisons test was used for normally distributed statistical analysis. Values represent mean G SD.
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PPAR signaling pathway, we identified APN as a central gene. Additionally, we screened significantly altered genes related to neural signal

transduction in the context of neuroactive ligand-receptor interactions, including APN, NPY, and C3, which have also been reported to in-

fluence sensory afferent activity.29–32 Consistently, we observed significantly reduced relative mRNA expression of APN and NPY and

increased C3 in MOAT following MI, which corresponded to protein expression. These findings suggest an abnormal neural afferent activity

in the MOAT.

Recent studies have established a close connection between white adipose tissue (WAT) and SNS.16 Activation of afferent neurons in the

same-sided adipose tissue increases sympathetic nerve outflow to the bilateral testicular adipose tissue.33 Additionally, increased sensory

neuron activity in inguinalWAT has been found to result in higher renal sympathetic nerve activity.34 Neuroanatomical and neurophysiological

studies have provided evidence that the VAT afferent nerve signal is transmitted by the DRG to the PVN, which serves as the central hub for

sympathetic nerve outflow.13,14 For instance, the injection of lidocaine into the PVN can block the elevation of renal sympathetic nerve activity

and blood pressure caused by adipose tissue afferent nerve activation.18 In addition, our previous research showed that PVN-SCG facilitates
6 iScience 27, 110245, July 19, 2024



Figure 5. MOAT-D inhibited DRG hyperactivation and modulated the brain-heart sympathetic axis after MI

(A) Relative CGRP mRNA expression.

(B) Representative images of western blotting of CGRP expression in all groups.

(C) Relative protein expression of CGRP normalized to GAPDH.

(D) Representative images of TRPV1 expression assessed by immunohistochemistry in the DRG. Scale bar = 100 mm.

(E) Quantitative data on the expression of TRPV1 in DRG.

(F) Representative immunofluorescence staining of c-fos in the PVN of all the groups. Scale bar = 100 mm.

(G) Quantitative analysis of c-fos-expressing neurons as the percentage of DAPI-stained neurons. MI, myocardial infarction; CAP, capsaicin; TRPV1, transient

receptor potential cation channel subfamily V member 1; PVN, paraventricular nucleus; DAPI, 40 ,6-diamidino-2-phenylindole; CGRP, calcitonin gene-related

peptide; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; **p < 0.01, ***p < 0.001, ****p < 0.0001. One-way ANOVA analysis with Tukey’s multiple

comparisons test was used for normally distributed statistical analysis. Values represent mean G SD.
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cardiac sympathetic overactivity post-MI.5 In this study, we hypothesized that, following MI, MOAT afferent signal activation triggers cardiac

SNS activation via the DRG-PVN-SCG neural circuit. Indeed, treatment with CAP (MOAT denervation) significantly reduced CGRP expression

in the DRG and neural overactivation in the PVN and SCG post-MI, indicating suppression of MOAT afferent input and cardiac sympathetic

outflow, thereby exerting a cardioprotective effect.
iScience 27, 110245, July 19, 2024 7



Figure 6. MOAT-D modulated PPAR signaling pathway and systemic inflammation after MI

(A) Relative APN mRNA expression levels.

(B) Western blot analysis of APN expression in all groups.

(C) Relative C3 mRNA expression levels.

(D) Western blot analysis of C3 expression in all groups.

(E) Relative NPY mRNA expression levels.

(F) ELISA analysis of APN protein expression in all groups.

(G) Representative images of western blot analysis in all groups.

(H and I) Pro-inflammatory TNF-a and IL-6 levels in plasma are shown for different groups. MI, myocardial infarction; CAP, capsaicin; APN, adiponectin; C3,

complement C3; NPY, neuropeptide Y; IL-6, interleukin-6; TNF-a, tumor necrosis factor-a; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; *p < 0.05,

**p < 0.01, ***p < 0.001, ****p < 0.0001. One-way ANOVA analysis with Tukey’s multiple comparisons test was used for normally distributed statistical

analysis. Values represent mean G SD.
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The cardiac sympathetic nerves are primarily regulated by the PVN-SCG-heart sympathetic axis.4 The PVN serves as the central hub for

sympathetic nerve outflow, while the SCG supplies postganglionic cardiac sympathetic nerves. Modulation of this axis suppresses excessive

activation of the cardiac sympathetic nerves.35 C-Fos functions as a marker of neuronal activation. Previous studies have reported significantly

increased c-fos activity in both the PVN and SCGpostMI,4,5,35 which is consistent with the findings of this study. Elevated c-fos activity leads to

excessive activation of the cardiac SNS and adverse cardiac outcomes.36,37 In this study, CAP administration significantly reduced c-fos activity

in both the PVN and SCG, indicating restrained cardiac SNS overactivation. Additionally, the SCG experienced neurochemical changes after
8 iScience 27, 110245, July 19, 2024
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MI. In a canine MI model, the cardiac sympathetic ganglion showed increased TH neuron intensity, but there was no significant difference in

ChAT neurons.25,38 In non-ischemic heart failure rat models, SCG neurons undergo a phenotypic shift from adrenergic to cholinergic.39 Our

findings indicate that blocking sensory input from the MOAT improves SCG neuron remodeling. CAP treatment reversed the increased TH

intensity in SCG neurons post-MI and downregulated the phenotypic transition of SCG neurons from adrenergic to cholinergic activity.

APN is a crucial adipokine secreted by MOAT. Clinical investigations have revealed a significant reduction in APN levels post-MI, which is

consistent with the findings of our study onMOAT.40 APN regulates thermal nociception afferents in both physiological and neuropathic pain

states via modulation of TRPV1 receptor and CGRP release in DRG.32 In our study, CAP administration in MOAT post-MI reduced CGRP and

TRPV1 in the DRG, signifying the suppression of the MOAT sensory afferent signal. Furthermore, our transcriptomic analysis revealed signif-

icant upregulation of C3 and downregulation of NPY in MOAT post-MI. Given that C3 has been reported to increase TRPV1 expression and

NPY inhibits TRPV1-mediated sensory neuron activation and suppresses CGRP neuronal release,30,31 these findings revealed increased sen-

sory afferent input. The possible mechanism involved reduced APN and NPY and increased C3 within the MOAT post-MI, resulting in CGRP

release and TRPV1 overexpression that activates DRG and sensory afferent signals, which in turn participate in cardiac sympathetic overacti-

vation via the ‘‘DRG-PVN-SCG’’ pathway. Therefore, CAP effectively blocked sensory afferent input, reduced CGRP release, and TRPV1 over-

expression in the DRG, and simultaneously downregulated brain-heart sympathetic outflow.
Limitations of the study

The study had several limitations. First, the animals used in this study were male, and females may exhibit different receptor expression, hor-

mone levels, and drug responses. Second, we only focused on the specific genes that were altered in the MI group and did not conduct RNA

sequencing of theMOAT in theCAP group.Given the complexity of the sympathetic afferent feedback loop, theMOATwas influenced by the

multiple and complex processes involved in the sensory afferent blockade-related sympathetic innervation of both the heart andMOAT itself,

and the rescued cardiac severity also contributed to moderate MOAT pathological changes. The details of CAP-induced modifications

remain unknown. Therefore, further studies are required to understand these underlying effects.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Tyrosine hydroxylase (TH) Servicebio Cat#GB15182; RRID: AB_3105790

C-fos Servicebio Cat#GB11069; RRID: AB_3105791

TRPV1 Abcam Cat#ab305299; RRID: AB_3105792

Choline acetyltransferase (CHAT) Abcam Cat#ab181023; RRID: AB_2687983

Calcitonin gene-related peptide (CGRP) Abcam Cat#ab283568; RRID: AB_3105794

Adiponectin (APN) Abcam Cat#ab181281; RRID: AB_3105795

Complement C3 (C3) Abcam Cat#ab200999; RRID: AB_2924273

Chemicals, Peptides, and Recombinant Proteins

Capsaicin MCE Cat#HY-10448

Critical Commercial Assays

Rat IL-6 ELISA Kit Servicebio Cat#GER0001

Rat TNF-alpha ELISA Kit Servicebio Cat#GER0004

Norepinephrine ELISA Kit Ousaid Biotechnology Co., Ltd. Cat# OSD-R2148

Neuropeptide Y ELISA Kit Ousaid Biotechnology Co., Ltd. Cat#KT30355

Deposited Data

Transcriptomic data This paper SRA: PRJNA1104799

Oligonucleotides

Calca (CGRP) GAGGTCAACCTTGGAAAGCAGC GGATCTCTTCTGGGCAGTGACA

APN AGGTGTTCTTGGTCCTAAGGGTG CCCTACGCTGAATGCTGAGTGA

C3 TCGGAACCGCTGGGAGGAG GCACCACAGGAGGCACAGAG

NPY ACGAATGGGGCTGTGTGGAC CTCTGCTGGCGCGTCCTC

GAPDH CTGGAGAAACCTGCCAAGTATG GGTGGAAGAATGGGAGTTGCT

Software and Algorithms

R version 4.1 N/A https://www.r-project.org/

Prism version 9.4.1 GraphPad https://www.graphpad.com/features

ImageJ NIH Image https://www.imagej.nih.gov/ij/
RESOURCE AVAILABILITY

Lead contact

Information and requests for resources and reagents should be directed to lead contact, Dr. Hong Jiang (hong-jiang@whu.edu.cn).
Materials availability

No unique materials were generated in this study.
Data and code availability

� Transcriptomic data have been deposited in the SRA and are publicly available. Accession numbers are listed in the key resources ta-

ble. All data reported in this paper will be shared by lead contact upon request.
� This study did not report the original code.
� Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.
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EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Animals

Healthy male Sprague-Dawley rats (7 weeks old, weighing 250-300 g) were used in this study. All animal treatments were performed in accor-

dancewith theGuidelines for theCare andUse of LaboratoryAnimals (USNational Institutes of Health). All experimentswere approvedby the

Animal Welfare and Ethics Committee of Renmin Hospital of Wuhan University (No. WDRM20220901B). The animals were housed in a

controlled environment with a 12-h dark/12-h light cycle, maintained at a temperature of 23�C and relative humidity of 70%. They had unre-

stricted access to food and water.
METHOD DETAILS

Experimental protocols

Sprague-Dawley rats were randomized into 3 groups: (1) Sham group (Sham, Sham operation with salinemicroinjected into theMOAT); (2) MI

group (MI, MI operation with saline microinjected into the MOAT); (3) CAP group [CAP, MI operation with MOAT sensory nerve denervation

(MOAT-D)]. The experimental process is illustrated in Figure 2A. The MI model was established by ligating the anterior descending coronary

artery, and the CAP group immediately underwent MOAT-D. Two weeks after the model was established, echocardiography was performed

to evaluate the cardiac structure and function. Electrocardiography (ECG) was performed to determine HRV to assess cardiac sympathetic

activity. Blood and tissue samples were collected after the animals were euthanized for further analysis (Figure 2A). On day 28, echocardiog-

raphy and ECG were performed and blood and tissue samples were collected to further evaluate the effect of CAP on ganglion remodeling

(Figure 2A).
Establishment of MI model

The MI model was established using left anterior descending occlusion (LADO) surgery. All rats were anesthetized with 2% pentobarbital so-

dium (40 mg/kg, i.p.) and mechanically ventilated using a respirator after tracheotomy. The left third intercostal space was opened to expose

the heart and the left anterior descending coronary artery was ligated using 6-0 silk sutures. The rats in the Sham group underwent left tho-

racotomy without LADO.
MOAT sensory nerve denervation (MOAT-D)

In the CAP group, a precise injection of high-concentration CAP was used for MOAT-D, while the Sham and MI groups received the same

volume of normal saline. Following LADO surgery, an incision was made in the abdominal cavity along the linea alba to expose the greater

omentum, which is situated posterior to the greater curvature of the stomach. Four distinct locations within the greater omentum adipose

tissue weremicroinjectedwith CAP (33mM, 10 mL each, SigmaChemical Co)41–43 or the same volume of saline. The superiormesenteric artery

was traced downwards and six locations within the mesenteric adipose tissue were selected for CAP or saline microinjection. Microinjection

was performed slowly, and the area was kept motionless for 5 min after the injection to prevent backflow of the agents. The abdominal

cavity was closed using 4–0 silk suture.
Echocardiography

The rats were anesthetized using isoflurane (3% for induction and 2.5% for maintenance). Two-dimensional and M-mode echocardiography

was performed using a High-Resolution Imaging System (GE Vivid E95, USA) equipped with a 12-MHz probe (12S) to assess cardiac function.

The left ventricular EF, FS, and LVID, including LVIDs and LVIDd, were measured and calculated by the same operator.
Measurement of the HRV

Body surface ECG was recorded under anesthesia (2.5% pentobarbital sodium, i.p.) and used for HRV assessment. The frequency domain

parameters, comprising LF (0.20-0.75 Hz), HF (0.75-2.5 Hz), and the LF/HF ratio was analyzed by LabChart software (version8.0, AD

Instruments).
Histological assessment

At the endof the experiment, the heart, brain, and SCGwere promptly collected fromeach rat, fixed in 4% formalin and embedded in paraffin.

Paraffin blocks were cut into 5-mm sections for further analysis. To determine cardiac remodeling, heart tissue sections were stained withMas-

son’s trichrome (Masson dyeing liquor from Servicebio). TUNEL staining (TUNEL Detection Kit from Servicebio) was used to assess cardio-

myocyte apoptosis after MI. Immunofluorescence labeling for TH (Servicebio) and c-fos (Servicebio) was used to assess neural activation

in the SCG and PVN. The nuclei were stained with 40,6-diamidino-2-phenylindole (DAPI). The expression levels of TRPV1 (Abcam, UK) in

the DRG were detected by immunohistochemistry. Additionally, immunohistochemical labeling of ChAT (Servicebio) and TH was performed

in the SCG to assess remodeling. All analyses were performed quantitatively using NIH ImageJ software.
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qRT-PCR analysis

Samples from MOAT were homogenized, and total RNA was extracted using TRIzol Reagent (Invitrogen, USA). The RNA concentration was

evaluated using a NanoDrop 2000 spectrophotometer. RNA was reverse-transcribed using the RevertAid First Strand cDNA Synthesis Kit

(Thermo, MA, USA). qRT-PCR analysis was performed using the FastStart Universal SYBR Green Master Mix (Servicebio, China) to evaluate

the expression of relevant genes. GAPDH was used for normalization. The gene expression levels were determined using the 2-DDCT

method. The mRNA expression levels of CGRP, APN, C3, and NPY were detected. Primer sequences are listed in the key resources table.
RNA sequencing (RNA-Seq)

For RNA sequencing (RNA-Seq) studies, MOAT samples from the Sham andMI groups were rapidly excised and immediately frozen in liquid

nitrogen for further analysis. The BGSEQ-500 (BGI-Shenzhen, China) platform was used for gene sequencing to obtain raw reads. The clean

reads were mapped to the rat genome (Rattus_norvegicus, UCSC, rn6) using HISAT2 (Hierarchical Indexing for Spliced Alignment of Tran-

scripts), and Bowtie2 (version 2.2.5) was used to align the clean reads for the reference coding gene set. The expression was calculated as

fragments per kilobase million (FPKM). The DESeq algorithm was then used to identify differential gene expression between groups. R soft-

ware was used to analyze the gene expression heatmap, KEGG pathway and enrichment, and GO term enrichment. GSEA was performed

usingGSEA official software package. The P-value was adjusted using the false discovery rate (FDR), and the adjusted P-value was designated

as the Q-value. The significance level was set at a Q-value of % 0.05.
ELISA

Blood samples were obtained by collecting 5 mL of peripheral venous blood and centrifugation at 3,000 rpm for 15 min (4�C). Serum was

collected and stored at –80�C for further analysis. The concentrations of IL-6, TNF-a, NE, and NPY were determined using ELISA kits

(GER0001, GER0004, Servicebio, China; OSD-R2148, OSD-KT30355 Ousaid, China) according to the manufacturer’s instructions.
Western blotting

Western blot analysis was used to assess CGRP expression in the DRG and APN expression in the MOAT. The tissues were rapidly removed,

frozen in liquid nitrogen, and stored at –80�C for further analysis. After tissue homogenization in buffer on ice, supernatants were collected as

the total lysate. Equal amounts of homogenized proteins were separated using 10% SDS-PAGE, transferred onto polyvinylidene fluoride

membranes (PVDF, Millipore, USA), and blocked with 5% skim milk at room temperature for 1 h. The membranes were then incubated over-

night with primary antibodies at 4�C. The primary antibodies used were anti-CGRP (Abcam, UK), anti-APN (Abcam, UK), anti-C3 (Abcam, UK),

and GAPDH (Abcam, UK). After washing, the membranes were incubated with the secondary antibody at room temperature for 1 h. The sec-

ondary antibody was horseradish peroxidase (HRP)-conjugated goat anti-rabbit (1:3,000, Elabscience, China). Band intensities were analyzed

using the Odyssey Imaging System (LICOR Biosciences, USA). The expression levels of the target proteins were normalized to those of

GAPDH.
QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analysis

Data are presented as mean G standard error of the mean (SEMs). Statistical differences were assessed using one-way analysis of variance

(ANOVA), followed by Tukey’s multiple comparison post-hoc test. All statistical analyses were performed using GraphPad Prism 9 software.

P-values < 0.05 were considered statistically significant.
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