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Takeda G protein-coupled receptor (TGR5) is a metabolic regulator, which is also involved in inflammatory responses.
TGRS belongs to the G protein-coupled receptor (GPCR) superfamily.
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| 1. Introduction

Takeda G protein-coupled receptor (TGR5) belongs to the G protein-coupled receptor (GPCR) superfamily . In addition
to the heart [@, TGR5 is expressed in other organs and is amenable to being targeted by bile acids in both healthy and
diseased states [El. TGRS5 is a metabolic regulator, which is also involved in inflammatory responses 4l TGR5 activation
induces cytoprotective changes in the heart B8, At toxic concentrations, bile acid may stimulate cholinergic M2 receptors,
which cause negative effects on myocardial contractility and heart rate [, Therefore, TGR5 activation is introduced to
provide benefits to cardiac function [, Recently, it has been documented that cardiac TGR5 expression is promoted in
type-1 diabetic rats &, mainly due to hyperglycemia, which seems to be related to compensatory homeostasis. However,
TGRS expression in other metabolic disorders remains unknown.

Metabolic syndrome (MetS) belongs to a pre-diabetic state and is a prevalent, multifactorial, and complex disorder,
associated with a higher risk of developing diabetes and other cardiovascular complications 19, Management of MetS is
required owing to an increase in the global prevalence 1. Therefore, several animal models mimicking MetS have been
developed, and a high-fat diet (HFD) is popularly used to feed animals 22, Lipid-induced injury, known as lipotoxicity, is
mainly associated with hyperlipidemia, a condition caused by a HFD 3. Chronic inflammation is known to be linked to
hyperlipidemia, causing the induction of cardiovascular diseases (CVDs) 14 because inflammation due to lipid
accumulation and excess lipids may have an effect on cell membranes 2. Therefore, the inflammation caused by a HFD
is associated with metabolic disorders that have been observed in rats 12 and mice €. From animal studies, a HFD is
known to trigger acute and/or chronic inflammation through a complex mechanism 24, with inflammation being mentioned
as an important factor for changes in cardiac TGR5 expression (&,

Generally, inflammation is associated with an increase in the levels of plasma cytokines, including tumor necrosis factor
alpha (TNF-a), interleukin-6 (IL-6), and interleukin-1 beta (IL-1p) 18 These inflammatory markers have been widely
identified in HFD-fed animals, such as cardiac inflammation observed in HFD-fed animals 22, with a higher expression of
TNF-a 29, TNF-a is known to be involved in cardiac injury, acting through inflammatory pathways and/or the activation of
cell death programming, including apoptosis 2. In a clinical setting, TNF-a inhibitors are widely used to treat TNF-a-
associated disorders, including rheumatoid arthritis, psoriasis, ankylosing spondylitis, Crohn’s disease, diabetes mellitus,
Alzheimer's disease, and cancer 2. These drugs, named anti-TNF agents, are mostly prepared from monoclonal
antibodies, such as adalimumab, golimumab, infliximab, and certolizumab pegol, except etanercept, which is a receptor
fusion protein 22, They can suppress responses to TNF-a regardless of the receptor subtype 22, In animal research,
etanercept (Enbrel@), a TNF-a inhibitor 23 can block the activity of TNF-a competitively at an effective dose [23].
Moreover, in addition to heart failure, the overexpression of TNF-a in mice promotes the occurrence of cardiac
hypertrophy 24, It has been documented that etanercept may alleviate cardiac hypertrophy through inhibition of the TNF-
a receptor 251,

| 2. TGR5 expression in the heart or urinary bladder

First, we confirmed the cardiac functional response to TGR5 using the Langendorff apparatus. In the hearts isolated from
normal rats, LCA enhanced cardiac contractility and decreased the heart rate due to TGR5 activation. TGR5 transduces
signals through Gs protein-mediated cAMP accumulation and can modulate cardiac functions . Moreover, the LCA-
induced increase in contractility was more marked in the hearts isolated from HFD-fed rats than in hearts isolated from
normal rats, indicating the increased sensitivity of TGRS in the hearts of HFD-fed rats. However, spontaneous contractility



was found to be reduced in the hearts isolated from HFD-fed rats compared to those isolated from normal rats. This result
may be due to the reduced spontaneous contractility in HFD-fed rats. Moreover, we found that cardiac TGR5 expression
truly increased in the hearts of HFD-fed rats at the protein and mRNA levels using Western blotting analysis and gPCR,
respectively. Therefore, cardiac TGR5 expression was identified to be promoted in HFD-fed rats.

High-fat consumption is specifically known to be a causal factor in the development of cardiac damage 28!, The reductions
in spontaneous contractility in HFD-fed rat hearts are consistent with this view. Cardiac damage is an inflammatory injury
dependent on oxidative stress 24, Additionally, a HFD induces insulin resistance and increases TNF-a expression. TNF-a
promotes neutrophil-mediated tissue injury and amplifies inflammatory cascades by activating macrophages and other
types of cells [28. Functionally, TNF-a exerts a negative inotropic effect to inhibit myocardial contractility and lower blood
pressure 29, In the present study, the plasma levels of TNF-a and other cytokines markedly increased in HFD-fed rats.
Moreover, we used etanercept at an effective dose to inhibit TNF-a in rats 3 as the negative control. The different
changes in HFD-fed rats receiving etanercept may indicate the role of TNF-a. Notably, the changes in HFD-fed rat hearts
were reversed by etanercept, as determined by a Langendorff assay. Therefore, the cardiac injury induced in HFD-fed rats
seems to be associated with TNF-a, which is consistent with the findings of a previous report 2. Moreover, in the current
study, etanercept reversed cardiac TGR5 expression at both the protein and mRNA levels in HFD-fed rats.

STAT3 is a cytoplasmic transcription factor that transmits extracellular signals to the nucleus 1. Activated STAT3 in the
nucleus binds to specific DNA promoter sequences to regulate gene expression B2, In the current study, cardiac TGR5
expression was promoted in parallel with STAT3 activation. Interestingly, etanercept also inhibited the activation of STAT3
in HFD-fed rat hearts. TNF-a inhibitors, etanercept, and adalimumab can downregulate p-STAT3 expression in human
Thi7-polarized cells 28, STAT3 activation provides an important link between inflammation and cardiac fibrosis 7.
STAT3 accumulation in the nucleus can increase the expression of pro-inflammatory cytokine IL-6, which is involved in the
pathogenesis of various chronic inflammatory diseases 28, In the current study, plasma TNF-a and IL-6 levels that
increased in HFD-fed rats were also found to be reduced by etanercept. Therefore, etanercept-mediated inhibition of TNF-
o may result in downregulation of the IL-6/JAK/STAT3 pathway in HFD-fed rats. Additionally, STAT3 accumulation in the
nucleus can also induce the expression of IL-6 and other proinflammatory genes B3. Moreover, TNF-a can induce cardiac
apoptosis, which is also involved in ventricular remodeling 9. Therefore, the changes in TGR5 expression need to be
investigated further.

Inflammation increases STAT3 activation, which contributes to the pathophysiology of tissue injury B4, STAT3 activation
and an increase in the ratio of phosphorylated STAT3 (p-STAT3) to STAT3 may promote nuclear translocation. Moreover,
STAT3 was phosphorylated at Y705 and S727 in cells during cytokine-induced STAT3 activation 5. Therefore, in the
current study, we focused on changes in the ratio of p-STAT3 to STAT3, which is indicative of STAT3 activation.
Interestingly, STAT3 activation was enhanced, along with the promotion of TGR5 expression in the heart. Our data also
demonstrated that the increased ratio of p-STAT3 to STAT3 was reversed by etanercept in the hearts of HFD-fed rats.
Mediation of STAT3 activation in terms of increased expression of cardiac TGR5 in HFD-fed rats can thus be considered.

Additionally, to understand whether or not the increased TGR5 expression was specific to the heart, we used female rats
to investigate the changes in the urinary bladder, as described previously 28l The changes were the same as those
observed in the hearts. TGR5 expression in the urinary bladder was reduced in HFD-fed rats, as shown in a
cystometrogram. This effect was reversed by etanercept at an effective dose to inhibit TNF-a in rats 22, indicating the role
of cytokines in changes in the urinary bladder of HFD-fed rats. The high expression of TGRS in urinary bladders was also
a characteristic feature in these rats. We used betulinic acid to replace LCA for the activation of TGR5 in the urinary
bladder. Betulinic acid is a natural triterpene that has been demonstrated to activate TGR5 4. Notably, relaxation in the
urinary bladder by betulinic acid was more marked in HFD-fed rats than in normal rats, as determined from a
cystometrogram. This view was supported by the increased mRNA levels of TGRS in urinary bladders isolated from HFD-
fed rats. Moreover, TGR5 is a member of the family of GPCRs that may increase cAMP levels L. We found that betulinic
acid induced an increase in cAMP more markedly in the urinary bladders isolated from HFD-fed rats than in those isolated
from normal rats. Therefore, TGR5 expression is increased in the urinary bladder during metabolic disorders. An increase
in TGR5 expression could be a compensatory response against the lipotoxicity observed in HFD-mediated damage.
However, this hypothesis needs further investigation in the future. The main limitation of this study is that the effect of
etanercept in normal rats was not compared. The relationships between etanercept and TGR5 expression in a MetS
model require further investigation.



| 3. Conclusions

TGR5 expression is elevated in the heart or urinary bladder of HFD-fed rats. Notably, etanercept is effective in
ameliorating inflammation and decreases TGR5 expression in HFD-induced obese rats. These results have implications
for dysfunction in the heart or urinary bladder, particularly the association between inflammatory cytokines and TGR5
activation, which provides the benefit of reversing the dysfunction. The development of tissue-specific drugs that target
TGRS5 expression could provide benefits for assessing interventions in metabolic disease.
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