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Zusammenfassung

Ein Myokardinfarkt (MI) stellt eine der haufigsten Todesursachen weltweit dar und betrifft
nicht nur das Herz, sondern hat systemische Auswirkungen auf den gesamten Organismus
und viele verschiedenen Organe. Ein erhohter B-adrenerger Tonus aufgrund unter anderem
einer verringerten Herzleistung ist eine der stirksten Stimulationen der Lipolyse im wei3en
Fettgewebe. Wie das weille Fettgewebe nach einem MI beeintrachtigt wird, ist noch unklar.
In dieser Doktorarbeit wurden daher die Verianderungen des subkutanen und viszeralen
weillen Fettgewebes wihrend der Reperfusionsphase nach einer kardialen Ischdmie im
Mausmodell analysiert. Die Analysen ergaben, dass der MI das weille Fettgewebe
depotspezifisch moduliert, wobei das subkutane Depot deutlich stirker betroffen ist. Die
histologische Analyse ergab eine geringere Adipozytengrof3e nach MI im subkutanen Depot
wahrscheinlich aufgrund einer erhdhten Lipolyse. Dieser Effekt war in der spiten
Reperfusionsphase stirker ausgeprdagt was darauf hindeutete, dass die Lipolyse ein
chronischer Prozess wihrend der Reperfusion ist. Der MI fiihrte ebenfalls zu einer
verringerten Lipogenese auf der Ebene der Genexpression. Die langanhaltend verminderte
Genexpression von Lpl/ bestdtigte den chronischen Effekt. Dariiber hinaus deutete die H&E-

Farbung auch auf ein  “browning” und Immunzellinfiltration im subkutanen Depot hin,

welche durch Analyse der UCP1-Proteinexpression in der Immunhistochemie und Western
Blot Analyse sowie durch Immunhistochemie von Anti-MAC-2 validiert wurde. Dariiber
hinaus reduzierte MI auch die Adipokin-Genexpression im subkutanen Depot. Da die
gezielte Behandlung des Fettgewebes als vielversprechende Therapiestrategie zur
Verbesserung der Herzfunktion angesehen wird, wurde in dieser Doktorarbeit ein
induzierbares Adipozyten-spezifisches inhibitorisches DREADD-System verwendeten, um
die Lipolyse gezielt wihrend und nach der kardialen Ischimie im Fettgewebe zu hemmen.
Die Hemmung wurde durch einen akuten Riickgang der zirkulierenden freien Fettsdure-
Spiegel validiert, was ebenfalls mit einer Verringerung des Insulinspiegels einherging. Die
akute Hemmung konnte jedoch keine durch den MI verursachten Verdnderungen im
subkutanen weilen Fettgewebe modifizieren. Es konnte jedoch nach 7 Tagen Reperfusion
eine verbesserte kardiale systolische Funktion festgestellt werden. Diese ging einher mit
einer erhohten PKA-Aktivitit in Kardiomyozyten nach 30 Minuten Reperfusion, vermutlich
aufgrund reduzierter NEFA- und Insulinspiegel. Passend dazu war die Expression von
GLUT#4 auf Ebene der Genexpression unterdriickte, und die Phosphorylierung von PLN und
Tnl erhoht. Dies verbessert direkt die kardiale Relaxation und damit indirekt auch die
kontraktile Funktion. Es wird vermutet, dass dieser Mechanismus zu der beobachten

verbesserten kontraktile Funktion nach 7 Tagen Reperfusion betragt.



Summary

Myocardial infarction (MI), which impacts the whole body and triggers responses in several
other organs, is still one of the leading causes of death worldwide. The increased [-
adrenergic stimulation mainly due to reduced cardiac output is one of the strongest stimuli
of lipolysis in white adipose tissue. How white adipose tissue gets affected after M1 is still
unclear, therefore, in this study the changes of subcutaneous and visceral white adipose
tissue during the reperfusion phase were analyzed in a mouse model of cardiac ischemia.
The analyses revealed that MI modulates white adipose tissue in a depot-specific manner, as
the subcutaneous depot was much more affected. Histological analysis showed smaller
adipocyte size after M1 in subcutaneous depot possibly due to increased lipolysis. The effect
was stronger at later reperfusion timepoints which indicated that lipolysis occurred
chronically. This went along with a reduced lipogenesis at gene expression level and the
long-lasting reduced gene expression of Lp/ validated the chronical effect. In addition,
histological analysis also indicated browning and immune cell infiltration in the
subcutaneous depot, which was verified by positive UCP1-expression and anti-Mac2-

staining. Furthermore, gene expression of several adipokines was also reduced after M1

Targeting adipose tissue has been regarded as a promising therapeutic strategy to improve
cardiac function. Therefore, in this study, an inducible adipocyte-specific inhibitory
DREADD system was used to spatio-temporally inhibit lipolysis. A successful inhibition
was validated by acutely reduced circulating NEFA levels, which went along with reduced
circulating insulin levels. The acute inhibition of lipolysis did not reverse any MI-induced
changes in subcutaneous white adipose tissue. However, an improved systolic function was
found after 7 d of reperfusion. At the timepoint of reduced circulating NEFA and insulin
levels (30 min of reperfusion) an increased PKA activity in cardiomyocytes could be
observed. In line with this suppressed GLUT4 at gene expression level, as well as an
increased phosphorylation of PLN and Tnl was observed, that directly increases relaxation
and thereby also indirectly improves cardiomyocyte contractile function. It was speculated

that this mechanism adds to the improved systolic function after 7 d of reperfusion.
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1 Introduction

1.1 Adipose tissue

Adipose tissue is a loose connective tissue, which is mainly composed of adipocytes, but
also contains the stromal vascular fraction (SVF), a heterogeneous collection of cells
including pre-adipocytes, immune cells, fibroblasts and vascular endothelial cells (Nguyen
et al. 2016). The main function of adipose tissue is storing energy in the form of triglycerides,
each gram of fat yields 9 calories, which are more than as twice as many calories yielded by
carbohydrates and proteins. Energy intake and consumption keep together the energy
balance, excess calories obtained from food in any form are either digested, absorbed and
stored as triglycerides in adipose tissue, or digested, absorbed, synthesized and stored in the
form of triglycerides in the liver. The triglycerides stored in the liver serve together with

those in adipose tissue as the energy source when body requires energy (Swett 1975).

Unlike the other organs, adipose tissue is distributed throughout the whole body and
compartmentalized into different depots. Some of these depots show risk associations with
metabolic syndrome (Schoettl et al. 2018). Adipose tissue is generally divided into white
adipose tissue and brown adipose tissue, which are morphologically and functionally
different. White adipose tissue is characterized by adipocytes with large unilocular lipid
droplets, which are mainly responsible for storing energy in the form of triglycerides and
protecting organs from mechanical damage (Frayn et al. 2003; Luong and Lee 2018).
Adipocytes in brown adipose tissue on the other hand, contain multilocular lipid droplets
and a large number of mitochondria, which are, together with the high capillary density,
responsible for the characteristic brown color (Kwok et al. 2016). The main function of
brown adipose tissue is to dissipate energy in the form of heat through mitochondrial
uncoupling due to the presence of uncoupling proteion-1 (UCP1) (Enerbéck et al. 1997;
Feldmann et al. 2009). White adipose tissue can be further roughly subdivided into different

depots as visceral white adipose tissue and subcutaneous white adipose tissue (Pond 1992).
In humans, adipocytes from subcutaneous depots are larger in size than in visceral depots,
while this relation is reversed in mice, which have larger adipocytes in visceral depots
(Sackmann-Sala et al. 2012; Pellegrinelli et al. 2016). Murine subcutaneous white adipose
tissue is divided into anterior depots including inguinal, dorsolumbal and gluteal, and
posterior depots including cervical, axillary, interscapular and subscapular (Cinti 2012).

Visceral white adipose tissue is mainly composed of mesenteric, retroperitoneal, perirenal

1



and perigonadal depots (Fantuzzi and Mazzone 2007; Tran and Kahn 2010). In this study,
inguinal and perigonadal depots are respectively used as subcutaneous and visceral white
adipose tissue for analyses. Previous studies demonstrated that increased visceral white
adipose tissue is associated with increased risk of metabolic syndrome, whereas
subcutaneous white adipose tissue might even be protective against metabolic disorders

(Kissebah et al. 1982; Gastaldelli et al. 2002; Zhang et al. 2015).

Human Mouse

Supraclavicular Cervical
Axillary
Axillary
Interscapular
Para‘g:,zﬁ:z'l BAT Perivascular
Abdominal | Perirenal Dorsolimba Mesenteric
viscera 'Retro- Inguinal Perirenal r-
peritoneal ) Gl Retro- Visceral
. = uteal :
Abdominal \ / peritoneal
subcutaneous Y 0o Epididymal /
- Perigonadal |

Gluteal-femoral
subcutaneous

Fig. 1: Adipose tissue distribution. Distribution of subcutaneous and visceral depots of white adipose tissue

and brown adipose tissue in human and mouse. BAT: Brown adipose tissue. (Cheong and Xu 2021).



1.1.1 Lipolysis

Lipolysis describes the metabolic process of triglyceride hydrolysis occurring mainly in
adipocytes, into glycerol and free fatty acids (FFAs) (Schweiger et al. 2014). Lipolysis is
extremely important in times of nutrient deprivation and during fasting states, and when
blood glucose levels are low. Released FFAs and glycerol via breakdown of triglycerides
from white adipose tissue serve as the major energy supplier for non-adipose tissues
(Schweiger et al. 2014). The hydrolysis of triglycerides into a glycerol and FFAs is
performed in turn by adipose triglyceride lipase (ATGL), which is the rate-limiting enzyme
(Zimmermann et al. 2004), hormone-sensitive lipase (HSL) and monoacylglycerol lipase
(MGL) (VAUGHAN et al. 1964). Peripheral adipose tissue lipolysis is initiated via
stimulation of G; protein-coupled receptors mainly, B3-adrenergic receptors, but also - and
B2-adrenergic receptors (Malfacini and Pfeifer 2023). The binding of catecholamines to G
protein-coupled receptors on the cell membrane of adipocytes leads to the activation of Gs
alpha subunit and its binding and activation of adenylyl cyclase (AC). AC converts ATP into
cAMP, the increased cAMP productions results in the activation of protein kinase A (PKA).
PKA plays an important role in regulating lipolysis since it directly phosphorylates HSL and
perilipin-1 (PLIN1). The phosphorylation of HSL leads to its translocation from the cytosol
to the lipid droplet (Egan et al. 1992; Clifford et al. 2000). Under basal conditions, PLIN1 is
bound to CGI-58 and occupies the binding site of ATGL. After PKA phosphorylation,
PLIN1 releases CGI-58 and makes it available for ATGL-binding and its translocation from
the cytosol to the lipid droplet surface (Granneman et al. 2007; Schweiger et al. 2014). A
negative regulator of lipolysis is GO/G1 switch gene 2 (G0S2), as it acts as a competitive
inhibitor by blocking the CGI-58-binding site of ATGL (Zhang et al. 2014b). Many
hormones can affect lipolysis, such as insulin, glucagon, adrenaline, noradrenaline and atrial
natriuretic peptide, among which, insulin is the most important inhibitory regulatory
hormone (Grabner et al. 2021). After insulin binding, the insulin receptors located on the
cell membrane of adipocytes activate insulin receptor substrate, which in turn activates
phosphoinositide 3-kinase (PI3K). Activated PI3K phosphorylates the serine-threonine
kinase Akt, which subsequently phosphorylates phosphodiesterase 3B (PDE3B) (Kitamura
et al. 1999). Phosphorylated PDE3B leads to the degradation of cAMP in adipocytes and the
reduction of cAMP-levels results in a decreased lipolysis (Duncan et al. 2007; Jocken and

Blaak 2008).
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Fig. 2: The main regulation of lipolysis in adipocytes. The binding of catecholamines to Gs protein-coupled
receptors activates AC, which drives the conversion from ATP into cAMP, the accumulation of cAMP
activates PKA and PKG. PKA and PKG phosphorylate target proteins HSL and PLINI1. PLINI
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Phosphodiesterase 3. PI3K: Phosphoinositide 3-kinase. PKA: Protein kinase A. PKB: Protein kinase B. PKG:

Protein kinase G. PLIN1: Perilipin 1. TG: Triglyceride. (Arner and Langin 2014)



1.1.2 Lipogenesis

The balance between lipolysis and lipogenesis maintains adipose tissue homeostasis and
regulates body composition. Being the opposite of lipolysis, lipogenesis refers to the
synthesis of FAs and subsequent conversion of FAs and glycerol into triglycerides in the
liver and adipose tissue (Kersten 2001). Both FA synthesis and triglyceride synthesis mainly
occur in the liver and adipose tissue. The synthesis of FA takes place in the cytoplasm, where
two carbon units are repeatedly added to acetyl-CoA by a multienzyme complex called fatty
acid synthase (FASN). The synthesis of triglycerides carries out in the endoplasmic
reticulum membrane, where three FAs and a glycerol molecule are converted to a
triglyceride. High carbohydrate diet elevates plasma glucose level and stimulates lipogenesis,
since glucose serves as a substrate for lipogenesis, induces the lipogenic gene expression
and stimulates the release of insulin, which is the most important hormone regulating
lipogenesis (Kersten 2001) via its binding to the insulin receptor. After activating tyrosine
kinase, the phosphorylation of tyrosines (Tyr1148, Tyr1152, Tyr1153) induces many
downstream effects (Lane et al. 1990; Nakae and Accili 1999). Previous studies reported
that insulin stimulates the expression of lipogenic genes via the transcription factor SREBP1
(Assimacopoulos-Jeannet et al. 1995). Insulin mediated increased lipogenesis via SREBP1
mainly occurs in the liver, since increased synthesis of triglycerides and expression of
lipogenic genes were proved in mice overexpressing SREBPla or SREBPI1c in the liver
(Horton and Shimomura 1999). In white adipose tissue, only cholesterol metabolism was
demonstrated to be significantly increased in mice overexpressing SREBP1c, while this was
not altering lipogenic gene expression (Shimomura et al. 1998). Interestingly, SREBP1 was
demonstrated hereafter as target of leptin mediating the inhibitory effect of leptin on
lipogenic gene expression (Kakuma et al. 2000; Soukas et al. 2000). Leptin, which is an
important hormone produced from white adipose tissue, downregulates the expression of
genes regarding fatty acid and triglyceride synthesis (Soukas et al. 2000). Besides SREBP1,
PPARY, which induces adipogenesis, namely the differentiation of pre-adipocytes to mature
adipocytes, is another transcription factor regulating lipogenesis. Previous studies
demonstrated the activation of PPARy in white adipose tissue via insulin and SREBPI,
furthermore, elevated triglyceride accumulation in the liver is closely linked with increased
PPARYy expression, which revealed the lipogenic effect of PPARY in both white adipose
tissue and liver (Vidal-Puig et al. 1997; Fajas et al. 1999; Chao et al. 2000).
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Fig. 3: Transcriptional activation of de novo lipogenesis in adipocytes. Glucose in the circulation is partly
taken up by adipocytes through GLUT4, and then converted into pyruvate via glycolysis, which further enters
TCA cycle in mitochondria. Citrate from TCA cycle is used as a substrate for de novo lipogenesis. Metabolites
generated during glycolysis activate ChREBP-a, which binds to ChoRE together with MLX in the promoters
of target genes including ACLY, ACCI1, FASN, and SCD1. Insulin stimulates lipogenesis via the lipogenic
transcription factor SREBP1c. ACC1: Acetyl-CoA carboxylase 1. ACLY1: ATP-citrate lyase. CD36: Cluster
of differentiation 36. ChoRE: Carbohydrate response element. ChREBP: Carbohydrate-responsive element-
binding protein. FASN: Fatty acid synthase. GLUT4: Glucose transporter type 4. MLX: Max-like protein X.
SCD1: Stearoy-CoA desaturase-1. SREBPlc: Sterol regulatory element-binding protein-lc. TCA:
Tricarboxylic acid. (Song et al. 2018)



1.1.3 Browning of white adipose tissue

Browning describes a process, in which white adipocytes are transformed into brown-fat like
adipocytes which are multilocular and have a large number of mitochondria (Betz and
Enerbdck 2015; Bargut et al. 2016; Bargut et al. 2017). The conversion from white
adipocytes to brite (brown-in-white) adipocytes leads to increased thermogenesis and is
demonstrated to be beneficial in metabolism regarding fatty acid anabolic and catabolic
pathways (Wu et al. 2012; Barquissau et al. 2016). As described above, white and brown
adipocytes are morphologically and functionally different, and they differentiate from
distinct progenitor cells (Bargut et al. 2017). Of great significance, a previous study has
revealed that in both human and mice, after stimulation, a subset of white adipocytes in white
adipose tissue are able to acquire a brown fat-like phenotype (Wu et al. 2012). However,
these brite adipocytes do not share the genetic markers with either white or brown adipocytes,
but have a unique gene expression pattern (Wu et al. 2012; Petrovic et al. 2010). UCP1,
which is a mitochondrial carrier protein and performs thermogenesis, serves as a marker to
identify browning of white adipose tissue (Shabalina et al. 2013). Besides, PR domain
containing 16 (PRDM16) is usually expressed together with UCP1 to identify the presence
of browning, and it is demonstrated to be responsible for the maintenance of browning (Seale
et al. 2008). Previous studies revealed browning as a reversible process, brite adipocytes
could not be seen anymore with a low expression of PRDM16 (Cohen et al. 2014; Harms et
al. 2014). Browning has been reported to be triggered by sustained adrenergic stimulation,
3-adrenergic receptors are suggested to be mainly responsible for it by inducing PGCl1-a,
which further activates PPARs and mitochondrial biogenesis (Mirbolooki et al. 2014;
Cypess et al. 2015; Piantadosi and Suliman 2006; Robidoux et al. 2005; Hondares et al.
2011). From the different white adipose tissue depots, the white adipocytes in subcutaneous

WAT have a higher potential to transform into brite adipocytes (Gustafson and Smith 2015).



Legend

Mitochondria

White Adipocyte Brown Adipocyte Beige/brite Adipocyte
Lipid droplets (LD)
Nucleus
White Adipocyte Beige/Brite Adipocyte
LD morphology Unilocular Muttilocular Multilocular
Mitochondrial density Low High Medum
UCP1 expression Negative Positive Positive

Fig. 4: Characteristics of three types of adipocytes. LD: Lipid droplets. UCP1: Uncoupling protein 1. (Lange
et al. 2023)



1.1.4 Inflammation of white adipose tissue

The expansion of adipose tissue in obese conditions results from adipocyte hypertrophy and
hyperplasia, which is often accompanied by the occurrence of inflammation in adipose tissue
(Schoettl et al. 2018). A character of inflammation of white adipose tissue is the infiltration
of inflammatory cells such as monocytes and macrophages, which are recruited in response
to chemokines like monocyte chemotactic protein 1 (MCP1) (Weisberg et al. 2003; Han et
al. 2007). Macrophages are the most important immune cells that infiltrate adipose tissue
during inflammation. Under lean state, M2 macrophages are resident in adipose tissue and
maintain the homeostasis (Bourlier et al. 2008). During inflammation, the recruitment
induces a phenotypic change from anti-inflammatory to pro-inflammatory turning M2
macrophages into M1 macrophages (Lumeng et al. 2007). During obesity-induced adipose
tissue inflammation, macrophages are prone to accumulate in visceral depots rather than in
subcutaneous depots, and some of the macrophages surround dying or dead adipocytes
forming crown-like structures (CLSs) (Harman-Boehm et al. 2007; Murano et al. 2008).
Besides macrophages, mast cells, B-cells and T-cells are also increased during inflammation
(Winer et al. 2011; Liu et al. 2009). The obesity-induced inflammation can also induce a
phenotypic change of T-cells turning TH2 T-cells to TH1 T-cells and cytotoxic T cells
(Winer et al. 2009). During adipose tissue inflammation, the circulating levels of several
cytokines and adipokines are elevated. First of all, MCP1 which is secreted by adipocytes
and induces the recruitment of monocytes and macrophages, is getting increased during
tissue injury, the infiltrated macrophages secrete MCP1 as well and leads to further
infiltration (Yeop Han et al. 2010; Wellen and Hotamisligil 2003). In addition to MCP1, IL-
6 and TNF-a are two important cytokines which are increased during tissue injury. Previous
studies demonstrated that the increased circulating levels of IL-6 was due to increased FFA
levels from lipolysis during obesity, and increased circulating levels of IL-6 promotes insulin
resistance in the liver (Matsubara et al. 2012; Zhang et al. 2014a). TNF-a is an adipokine
secreted from adipocytes but mainly from macrophages, during obesity, and circulating
levels of TNF-a closely correlate to the infiltration of pro-inflammatory macrophages
(Weisberg et al. 2003). TNF-a promotes as well insulin resistance by increasing the activity

of HSL and thereby FFA levels (Zahorska-Markiewicz 2006).
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1.1.5 Endocrine function of white adipose tissue

Adipose tissue is not only an organ storing energy in the form of triglycerides, but also an
important endocrine organ which secretes plenty of cytokines and adipokines. Adipokines
regulate different metabolic processes and they have different expression patterns in
different adipose tissue depots (Ahima and Lazar 2008). Leptin is a hormone secreted
exclusively by adipocytes and shows effects on other target organs (Zhang et al. 1994; Chait
and Hartigh 2020). Leptin does not only suppress appetite by binding to leptin receptors in
the central nervous system, but is also demonstrated to reduce insulin resistance and be
cardioprotective (Taleb et al. 2007; Farooqi and O'Rahilly 2014; Friedman 2016).
Adiponectin is a protein hormone secreted by adipose tissue and was first discovered in 1995
(Scherer et al. 1995). Opposite from leptin, and even it is secreted from adipose tissue, its
levels are inversely proportional to adiposity (Ukkola and Santaniemi 2002). Adiponectin
functions on several organs and improves the metabolic disorders by binding to adiponectin
receptors through the mediation of transcription factor PPARa (Fang and Judd 2018).
Adiponectin was demonstrated to be an anti-inflammatory adipokine (Fang und Judd 2018).
Unlike leptin and adiponectin, resistin is considered as a pro-inflammatory adipokine and
recently suggested to be secreted mainly from adipocytes in mouse and from macrophages
of inflamed adipose tissue in humans (Savage et al. 2001; Jamaluddin et al. 2012). Resistin
promotes inflammation not only by directly promoting insulin resistance, but also by
upregulating the expression of several inflammatory cytokines such as IL-6 and TNF-a,
which can further promote inflammation in adipose tissue and metabolic disorders in other
organs (Bokarewa et al. 2005). As already described, adipose tissue is the largest organ,
therefore, hundreds of adipokines pronouncedly affect the whole body by being released into
circulation and modulating target organs, thereby playing an important role in the

maintenance of metabolic homeostasis.
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1.2 DREADD system

Designer receptor exclusively activated by designer drugs (DREADD) are a class of
engineered G protein-coupled receptors, which can solely be activated by synthetic ligands
but not endogenous ligands (Armbruster et al. 2007). Together with receptors activated
solely by a synthetic ligand (RASSL), these engineered receptors enable to control cellular
signaling pathways in a remote manner. The advantage of DREADD over RASSL is its two-
way selectivity of the receptor-ligand pair, synthetic ligands used for RASSL activate other
receptors as well, however, ligands used for DREADD can only activate DREADD (Rogan
and Roth 2011; Farrell and Roth 2013). DREADD were first designed in 2007 in Roth's lab
(Armbruster et al. 2007). They generated DREADD by mutating two amino acids Y149C
and A239G on human muscarinic receptors which are G protein-coupled receptors, and
yielded receptors insensitive to endogenous ligand acetylcholine but only sensitive to
clozapine N-oxide (CNO), which is an agonist being inert at endogenous targets (Weiner et
al. 2004; Armbruster et al. 2007). According to the classification of GPCRs, three types of
DREADD were designed and are currently in use: human M3 Gq protein-coupled receptor
(hM3Dq) activates Gq signaling pathway, human M4 G; protein-coupled receptor (hM4Di)
activates Gy signaling pathway and rat M3 Gy protein-coupled receptor (rM3Ds) activates
Gos signaling pathway (Farrell and Roth 2013). All these three types of DREADD share the
same point mutations, but since Gqs does not couple to any native muscarinic receptors, to
generate rM3Ds, the intracellular loops 2 and 3 of rat M3 receptor sequence was replaced by

Bi-adrenergic receptor sequence from turkey (Guettier et al. 2009).

Mostly, Cre-loxP technique is used for DREADD systems to enable an inducible receptor
expression. DREADD system allows for a controlling of cellular signaling pathways in a
spatial and temporal specific manner, particular cell type or anatomical region-specific and
only after administration of particular ligands (Rogan and Roth 2011). By using Cre-loxP
technique, also the receptor expression can be precisely modulated. In our study, it is also
not feasible to use viral vectors to express the construct since the efficacy of viral infection
in adipose tissue is very low (Bates et al. 2020). Here, the DREADD system is therefore
applied also by using Cre-loxP technique. To drive spatially restricted activity of Cre-
recombinase, which excises DNA flanked by loxP sites, a tissue-specific promotor is
required. In our study, we want the receptors to express solely in adipose tissue, the adipocyte
specific promotor AdipoQ was therefore used. The peripheral lipolysis is expected to be

inhibited, when hM4Di receptors activate G signaling. The constructs were generated by
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placing a loxP-flanked STOP codon between hM4Di and a strong ubiquitous CAG promotor,
the constructs were then cloned into on ROSA26 DREADD vector to replace tdTomato
sequence (Zhu et al. 2016b). To visualize the expression of hM4Di, each hM4Di is tagged
by a hemagglutinin (HA) and followed by a P2A sequence and a fluorescent reporter
mCitrine. P2A is a self-cleaving peptide, therefore, after translation, the fused protein splits
into two parts: mCitrine enters the cytoplasm and allows for the visualization of receptor
expression, HA-tagged hM4Di locates on the cell membrane and allows for the
determination of detailed spatial localization of hM4Di in adipocyte. To cut STOP codon
and realize hM4Di expression, the mice need to be mated with an adipocyte-specific Cre-

driver line as described.

To modulate DREADD activity, synthetic ligands which are bioavailable and drug-like such
as CNO are needed. Due to the good bioavailability, the ligands can be administered using
simple methods such as food, drinking water, subcutaneous injection and intraperitoneal
injection (Farrell and Roth 2013). CNO is initially considered as biologically inert, however,
recent findings suggested that CNO can be back converted to clozapine which activates not
only DREADD but also serotonin and dopamine receptors in humans but not in mice (Chang
et al. 1998; Guettier et al. 2009). Consequently, DREADD agonist 21 also named as
Compound 21 was used in this study for muscarinic-based DREADD system. DREADD
agonist 21 is reported to be effective both in vitro and in vivo, even if some off-target effects
still exist, unlike CNO, it does not back converted into clozapine and it is 2,7 times more
potent (Thompson et al. 2018). Systemic administration normally responds within 5 to 15
minutes (Rogan und Roth 2011), in our study, DREADD agonist 21 is therefore administered
by intraperitoneal injection respectively at the beginning of myocardial ischemic operation

and the beginning of reperfusion phase to inhibit lipolysis.
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1.3 Crosstalk between heart and adipose tissue after MI

1.3.1 Myocardial infarction

Myocardial infarction, which is due to reduced or stopped blood flow in one or several
coronary arteries of the heart leading to insufficient oxygen delivery and thereby tissue death
of cardiac muscle, is still nowadays one of the leading causes of death globally, especially
in industrial countries. According to the blockage degree of a coronary artery, MI can be
subdivided into ST elevation MI, which is characterized by the complete blockage of a
coronary artery and non-ST elevation MI, which is characterized by the partial blockage of
a coronary artery. Together with unstable angina these entities count as acute coronary
syndrome, among which the identification of MI is the occurrence of cell death, which can
be estimated by the blood test measurement of troponin (Torres and Moayedi 2007). Blood
test of troponin together with infarct sings in electrocardiograms (ECGs) is mainly used for
the diagnosis of MI (Varcoe et al. 1975). Atherosclerosis is the leading cause of MI, however,
also systemic hypotension after shock and sudden increased oxygen demand after such as
fever or hyperthyroidism can also result in myocardial ischemia and subsequent MI (Saleh

and Ambrose 2018).

Over the last decades, the mortality rate of acute MI has been significantly reduced, however,
the development of heart failure after MI still results in high risks (Lewis et al. 2003).
Development of heart failure after MI is closely associated with cardiac remodeling. The
progression of heart remodeling can be divided into 3 phases: the inflammatory phase, the
reparative and proliferative phase and the maturation phase (Prabhu and Frangogiannis
2016). Leukocyte infiltration resulting from the impairment of vascular endothelial cell
integrity due to oxygen deficiency during cardiac ischemia initiates the inflammatory phase
(Eltzschig and Eckle 2011). Danger-associated molecular patterns (DAMPs) released by
necrotic cells and damaged extracellular matrix activate the innate immune system and
induce the expression of proinflammatory cytokines such as IL-1, TNF-a and chemokines
as MCP1 and CCL2 by binding to pattern recognition receptors like toll-like receptors (TLRs)
(Arslan et al. 2011; Timmers et al. 2012; Haan et al. 2013). These inflammatory molecules
promote the adhesion between endothelial cells and leukocytes inducing the infiltration of
neutrophils (Yan et al. 2013). The infiltration of neutrophils triggers the transition from
inflammatory phase to reparative and proliferative phase. The proteolytic enzymes released
by neutrophils help to clear necrotic cells and extracellular matrix debris, furthermore,

subsequent apoptosis of neutrophils induces the polarization of macrophages toward an anti-
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inflammatory and reparative phenotype (M2), which secretes multiple anti-inflammatory
cytokines that suppress tissue inflammation and promote tissue repair (Soehnlein and
Lindbom 2010; Boufenzer et al. 2015). Subsequently, the changes of microenvironment
induce the trans-differentiation of fibroblasts into myofibroblasts, which develop stress
fibers and secrete large amounts of extracellular matrix proteins that maintain the structural
integrity of the infarct area and thereby symbolize the proliferative phase (Frangogiannis et
al. 2000; Santiago et al. 2010; Turner and Porter 2013). The proliferative phase is finally
followed by the maturation phase, which is characterized by de-activation and apoptosis of
reparative cells and formation of maturated scar composed of a network of cross-linked

collagens (Frangogiannis 2014).

1.3.2 Systemic effects of myocardial infarction

Myocardial infarction has nowadays still a high mortality rate not only because of its own
dangers, but also due to its strong systemic implications. MI can impact on the whole body
and triggers some responses in other organs such as liver, kidney and adipose tissue (Valori
etal. 1967). Many studies reported the correlation between liver enzymes and cardiovascular
disease, a recent clinical study demonstrated the association between serum liver
transaminases and acute MI (Adibi et al. 2007; Saely et al. 2008; Baars et al. 2016). Elevated
serum levels of aspartate transaminases (AST) and alanine transaminases (ALT) which
would suggest a NAFLD-type liver injury were determined in patients with acute MI (Baars
et al. 2016). Patients with MI have great risks to develop heart failure as a consequence of
death of cardiomyocytes and scar formation (Jenca et al. 2021). Cardiac muscle is unable to
pump blood well during heart failure, liver, as an organ being largely dependent on blood
flow and receiving up to 25 % of cardiac output, often develop manifestations in patients
with heart failure (Mgoller and Bernardi 2013). Reduced arterial perfusion has been suggested
as the fundamental mechanisms involved in acute liver damages such as cardiac cirrhosis
and congestive hepatopathy (Dunn et al. 1973; Kubo et al. 1987). Besides, MI impacts as
well heavily on kidney, and it is still one of the most critical causes of acute kidney injury
(Wang et al. 2019). The dropped amount of blood ejected by each contraction during MI
leads to the decreased amount of blood that passes through the kidney. Kidney is an organ
which can filter waste products from the blood, along with the shortage of blood flow passing

through, less waste output is filtered and higher levels of dangerous wastes are getting
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accumulated (Goyal et al. 2023). Therefore, MI is not an isolated event only affecting the

heart, but it triggers also a number of complications on other organs.

1.3.3 The crosstalk between heart and adipose tissue

During and after M1, several neurohumoral systems are activated as a compensation for the
reduced cardiac output, pain and stress due to cardiac injury. Among them, adrenergic
stimulation plays a critical role, persistent catecholamine load induces P1 receptors
activation in cardiomyocytes and results in increasing cardiac performance and blood
pressure (Florea and Cohn 2014). In addition, high level of adrenergic catecholamines in the
circulation also activates B3 receptors in peripheral white adipose tissue and is one of the
strongest stimuli of lipolysis (Lymperopoulos et al. 2013a). Natriuretic peptides which are
elevated during heart dysfunction as well further enhance adipose tissue lipolysis (Sengenes
et al. 2000). It has been well known that activated lipolysis in the peripheral white adipose
tissue results in high levels of circulating FFAs. Randle cycle describes the competition
between glucose oxidation and fatty acids oxidation, namely the fuel selection by tissues
(RANDLE et al. 1963). During MI, more acetyl-CoA is yielded from FAO, and glucose
oxidation is decreased via inhibition of PDH. FAs oxidation yields acetyl-CoA that becomes
a source of lipotoxic intermediates such as ceramides, diglycerides, and reactive oxygen
species (ROS), and hence creates lipotoxicity (Perman et al. 2011; D'Souza et al. 2016).
Cardio-lipotoxicity relies on the imbalanced uptake and utilization of lipid and results in
lipid accumulation in cardiomyocytes (Bertero and Maack 2018). Cardiomyocyte
intracellular lipid accumulation is demonstrated to be linked with oxidative stress, which
further leads to cardiac apoptosis, necrosis, fibrosis and inflammation (Bertero and Maack
2018). Therefore, cardio-lipotoxicity after MI is one of the leading factors worsening cardiac
function and leading to the development of heart failure. In the meanwhile, the repressed
glucose oxidation generates lactate and protons, which lead to ionic disturbance and calcium
overload in the myocardium and further worsen cardiac function (Tani and Neely 1989). As
mentioned in the previous chapter, the binding of catecholamines to Ggs-coupled receptors
on the cell membrane of adipocytes leads to the activation of lipases including ATGL, which
is the rate-limiting enzyme that catalyze the initial step of lipid hydrolysis (Young and
Zechner 2013). Heart failure as one of the most common complications of MI is the leading
cause of eventual death. It has been reported that the activated ATGL due to heart failure

contributes to increased production of inflammatory cytokines in adipose tissue, which not

16



only contributes to the systemic inflammation associated with innate immune cells such as
macrophages and worsens cardiac function, but also leads to systemic insulin resistance
(Shimizu et al. 2012). Whereas inhibiting ATGL such as by using Atglistatin can improve
systolic and diastolic heart function in murine model (Thiele et al. 2022). Previous studies
demonstrated that adipocyte specific inhibition of ATGL ameliorated cardiac functional
decline and cardiac remodeling by reducing adipose tissue inflammation (Parajuli et al. 2018;
Takahara et al. 2021). Furthermore, ATGL deficiency in adipose tissue was identified to
prevent left ventricular failure resulted from changes in cardiac lipidome (Salatzki et al.

2018).

1.4 Aims of thesis

Recently, the crosstalk between heart and adipose tissue after MI is more and more under
focus. High levels of adrenergic catecholamines during and after MI due to reduced cardiac
output, pain and stress, is a driver of lipolysis in the peripheral adipose tissue and results in
elevated circulating FFAs levels, which are known to be detrimental to the ischemic
myocardium (Essop and Opie 2020). Thereby targeting adipose tissue after MI has been
regarded as a promising therapeutic strategy to prevent the worsening of condition (Smeir et
al. 2021). However, the adrenergic stimulation of lipolysis is known to be transient, how
adipose tissue is getting altered acutely and chronically after MI still remains unclear.
Therefore, in this study, first we are eager to find out how MI modulates white adipose tissue

during the reperfusion phase and which depot is primarily getting affected.

MI-induced activated lipolysis has been identified as the potential driver of heart failure,
which is the leading cause of eventual death in patients with MI. Previous studies reported
adipocyte specific inhibition of lipolysis enables to reduce cardiac functional decline and
cardiac remodeling (Parajuli et al. 2018; Takahara et al. 2021). Therefore, subsequently, we
used an adipocyte-specific inhibitory DREADD system that enables to inhibit lipolysis in a
spatio-temporal manner, aiming to investigate the profile of white adipose tissue after

blockade of lipolysis, as well as the changes in cardiac function.
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2 Materials and methods

2.1 Materials

2.1.1 Chemicals and reagents

Chemicals/Reagents Supplier

1,4-Dithiothreitol Carl Roth
4-Hydroxytamoxifen H6278-50 mg Sigma-Aldrich
2-Mercaptoethanol Sigmal-Aldrich
Ammonium persulfate Sigma-Aldrich
Buprenorphinhydrochloride ESSEX PHARMA
Bovine serum albumin Sigma-Aldrich
Citrate Buffer pH 6.0 (10x) ZYTDMED
Chloroform Carl Roth
Cryocompound ImmunoLogic
DPBS (1x) Gibco

DREADD Agonist 21 dihydrochloride Sigma-Aldrich

SML.2392

Eosin Y solution 1 % in water Carl Roth
Glycerin Carl Roth
Glycin Carl Roth

Halt™ Protease & Phosphatase Inhibitor ThermoFischer

Cocktail (100x)

10 % Hydrochloric acid Carl Roth
Hemalum solution acid acc. To Mayer Carl Roth
Intercept® Blocking Buffer LI-COR
Isofluran-Piramal Piramal
Esketamine Sintetica

N,N,N’,N’-Tetramethylethylenediamine = MERCK

Normal goat serum Cell Signaling

PageRuler™ Prestained Protein Ladder ThermoFischer
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Peanut oil Sigma-Aldrich
Revert™ 700 Total Protein Stain LI-COR
Revert™ 700 Wash Solution LI-COR
ROTICLEAR® Carl Roth
ROTI® Histofix 4 % Formaldehyd Carl Roth
Roti®Mount Carl Roth
ROTI® Mount FluorCare DAPI Carl Roth
Rotiphorese® Gel 40 Carl Roth
Saccharose MERCK
Saponin Sigma-Aldrich

20 % Sodium dodecyl sulfate solution

Sigma-Aldrich

Tween® 20 Carl Roth
TRIS Carl Roth
TRIzol® Reagent ThermoFischer
Wheat germ agglutinin, Alexa Fluor™ Invitrogen
488 conjugate

Xylazinhydrochlorid Elanco

Table 1: Chemicals and reagents

2.1.2 Buffers

Buffer Supplier/Composition

Blocking buffer for IHC (cryosections) 10 % (v/v) NGS

0,2 % (w/v) Saponin/PBS
Blocking buffer for IHC (paraffin 10 % (v/v) FCS
sections) 1 % (w/v) BSA

TBS

Blocking buffer for western blot

50 % (v/v) LI-COR Intercept® Blocking

Buffer
50 % (v/v) TBS

4x Laemmli buffer

250 mM Tris (pH=6,8)
8 % (v/v) SDS
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20 % (w/v) Glycerol
0,02 % (v/v) Bromophenol blue
100 mM DTT (freshly added)

Millipore water

Lysis buffer for adipose tissue in

western blot

20 mM Tris-HCl
1 mM EDTA
255 mM Sucrose

Millipore water

PBS

137 mM NaCl
2,7 mM KCI

10 mM Na;HPOq4
1,8 mM KH>PO4

Millipore water

Primary antibody diluting buffer for
IHC (cryosections)

2 % (v/v) NGS
0,2 % (w/v) Saponin/PBS

Primary antibody diluting buffer for

1 % (w/v) BSA

IHC (paraffin sections) PBS
Primary antibody diluting buffer for 5 % (w/v) BSA
western blot TBS-T
RIPA buffer 25 mM Tris
140 mM NacCl
I mM EDTA
1 % (w/v) Triton X100
0,5 % (w/v) SDS
Millipore water
SDS running buffer 25 mM Tris
250 mM Glycine

0,1 % (v/v) SDS

Millipore water

Secondary antibody diluting buffer for

western blot

50 % (v/v) LI-COR Intercept® Blocking

Buffer
50 % (v/v) TBS
0,1 % (v/v) Tween 20
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Semi-dry blotting buffer 190 mM Glycine
25 mM Tris
20 % (v/v) Ethanol
0,1 % (v/v) SDS

Millipore water

Separating gel (10 %) 10 % (v/v) Acrylamide
250 mM Tris (pH=8,8)
0,1 % SDS
0,2 % (v/v) TEMED
0,025 % (w/v) Ammonium persulfate

Millipore water

Stacking gel 5% (v/v) Acrylamide
125 mM Tris (pH=6,8)
0,1 % (v/v) SDS
0,15 % (v/v) TEMED
0,03 % (w/v) Ammonium persulfate

Millipore water

TBS (pH=174) 150 mM NacCl
20 mM Tris

Millipore water

TBS-T 0,1 % (v/v) Tween 20
TBS

Table 2: Buffers

2.1.3 Kits
Kit Supplier
Bio-Plex Pro  Mouse Diabetes BIO-RAD
Adiponectin Assay
DAB Substrate Kit BIOZOL
NEFA-HR Kit Fujifilm
Pierce™ BCA Protein Assay Kit ThermoFischer
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Platinum® SYBR® Green qPCR Invitrogen
SuperMix-UDG

QuantiTect® Reverse Transcription Kit Qiagen
RNeasy® Lipid Tissue Mini Kit Qiagen
RNeasy® Fibrous Tissue Mini Kit Qiagen
Revert™ 700 Total Protein Stain and LI-COR
Wash Solution Kit

Ultra-Sensitive Mouse Insulin ELISA Crystal Chem
Kit

Table 3: Kits

2.1.4 Primers

Gene Primer sequence (5’ to 3°)

Adipoq fwd: CCA CTT TCT CCT CAT TTC TG

rev: CTA GCT CTT CAG TTG TAG TAAC
Cd36 fwd: AGA TGA CGT GGC AAA GAA CAG

rev: CCT TGG CTA GAT AAC GAA CTC TG
Cidea fwd: GTG TTA AGG AAT CTG CTG AG

rev: CTA TAA CAG AGA GCA GGG TC
Cox8b fwd: ATC TCA GCC ATA GTCGTT G

rev: CTG CGG AGC TCT TTT TAT AG
Dgat2 fwd: GCG CTA CTT CCG AGA CTA CTT

rev: GGG CCT TAT GCC AGG AAACT
Fasn fwd: GGA GGT GGT GAT AGC CGG TAT

rev: TGG GTA ATC CAT AGA GCC CAG
hM4di fwd: GAG CCT GGT GAC TGT CGT G

rev: AGC TGC CTG TTG ACC TTG AT
Leptin fwd: GAG ACC CCT GTG TCG GTT C

rev: CTG CGT GTG TGA AAT GTC ATT G
Lpl fwd: GGG AGT TTG GCT CCA GAG TTT

rev: TGT GTC TTC AGG GGT CCT TAG
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Nudc fwd: AGA ACT CCA AGC TAT CAG AC
rev: CTT CAG GAT TTC CTG TTT CTT C
Plin2 fwd: GAC CTT GTG TCC TCC GCT TAT
rev: CAA CCG CAATTT GTG GCT C
Plin5 fwd: TGT CCA GTG CTT ACA ACT CGG
rev: CAG GGC ACA GGT AGT CAC AC
Pln fwd: AAA GTG CAA TAC CTC ACT CGC
rev: GGC ATT TCA ATA GTG GAG GCT C
Pnpla2 fwd: CAA CCT TCG CAATCT CTAC
rev: TTC AGT AGG CCA TTC CTC
Pparg fwd: AAA GAC AAC GGA CAA ATC AC
rev: GGG ATA TTT TTG GCA TACTCT G
Resistin fwd: AAG AAC CTT TCA TTT CCC CTC CT
rev: GTC CAG CAATTT AAG CCA ATGTT
Slc2a4 fwd: CAA TGG TTG GGA AGG AAA AG
rev: AAT GAG TAT CTC AGG AGG C
Srebplc fwd: TGA CCC GGC TAT TCC GTG A
rev: CTG GGC TGA GCA ATA CAG TTC
Ucpl fwd: CTTTTTCAAAGGGTTTGTGG
rev: CTTATGTGGTACAATCCACTG

Table 4: Primers

2.1.5 Antibodies

Antibody Host Application  Dilution Primary/  Supplier
species factor secondary
Anti-AKT Rabbit  Western blot  1:1000 Primary Cell Signaling
Anti-GFP Goat Western blot  1:1000 Primary Abcam
Anti-GFP Goat IHC 1:100 Primary Abcam
Anti-HA-Tag Rabbit IHC 1:800 Primary Cell Signaling
Anti-Mac2 Rat IHC 1:150 Primary CEDARLANE
Anti-p-HSL (s565) Rabbit Western blot  1:1000 Primary Cell Signaling
Anti-PLN Rabbit  Western blot  1:5000 Primary Badrilla
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Anti-p-PLN (s16) Rabbit  Western blot  1:5000 Primary Badrilla

Anti-p-PKA Rabbit  Western blot  1:1000 Primary Cell Signaling
Substrates

Anti-p-Tnl Rabbit  Western blot  1:5000 Primary Cell Signaling
(s23/24)

Anti-Tnl Rabbit  Western blot  1:5000 Primary Cell Signaling
Anti-UCP1 Rabbit IHC 1:500 Primary Abcam
Anti-UCP1 Rabbit  Western blot  1:1000 Primary Abcam

Alexa Fluor™ 647 Goat [HC 1:200 Secondary  ThermoFischer

goat anti-rabbit

Alexa Fluor™ 647 Goat IHC 1:200 Secondary  ThermoFischer

goat anti-rat

IRDye®  680RD Goat Western blot  1:10000 Secondary LI-COR
Goat anti-Rabbit

IRDye® 800CW Goat Western blot ~ 1:10000 Secondary LI-COR

Goat anti-Mouse

IRDye® 800CW Goat Western blot  1:10000 Secondary LI-COR
Goat anti-Rabbit

Table 5: Antibodies

2.1.6 Technical equipment

Equipment Supplier

HistoCore MULTICUT Leica

Keyence microscope BZ X810 Keyence
LEICA CM3050 S Leica
Mastercycler personal Eppendorf
NANODROP ONE ThermoFischer
Semi-Dry Blotter Peqlab

HEAT SYSTEMS-ULTRASONICS QSONICA
StepOne Plus Real-Time PCR Detection ThermoFischer
System

SYNERGY microplate reader SYNERGY
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TissueRuptor Qiagen
TissueRuptor® Disposable Probes Qiagen
Ultrasound device Vevo 3100 VisualSonics
ZEISS Axio Imager 2 Zeiss

Table 6: Technical equipment
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2.2 Methods

2.2.1 Strains

The R26-LSL-Gi-DREADD mice (line 026219) (Zhu et al. 2016a) from The Jackson
Laboratory were designed to have the Rosa-CAG-LSL-HA-hM4Di-pta-mCitrine
conditional allele (R26-hM4Di/mCitrine). CAG promoter-driven, loxP-flanked STOP
cassette and HA-hM4Di-pta-mCitrine coding region were inserted into the ROSA26 locus,
HA-hM4Di-pta-mCitrine expression is determined by tissue-specific Cre recombinase
expression. C57BI/6J mice (line 005304) (Keane et al. 2011) from Janvier for the Adipog-
CreERT2 BAC transgene were hemizygous and viable and fertile. Tamoxifen induction
directed Cre recombinase (Cre/ERT2) to adipose tissue by the promoter/regulatory regions
of the mouse adiponectin (Adipoq) locus on the BAC transgene. By crossing these two lines,
the expression of hM4Di receptor were able to be generated in an adipose tissue specific and

inducible hM4Di expressing mice.

2.2.2 Tamoxifen-treatment
Cre-recombinase mediated removel of the loxP-floxed STOP cassette in DREADD mice
was achieved by 5 consecutive days intraperitoneal injection of 4-hydroxytamoxifen (500

png/mouse) at the age of 10 weeks followed by 2,5 weeks wash-out phase.

2.2.3 Ischemia/Reperfusion operation

12-15 weeks male mice underwent 60 min closed chest ischemia followed by 30 min, 24 h,
7 or 28 d of reperfusion. To induce closed chest ischemia, operation was performed in a two-
step procedure. First mice received the ligature, by anesthetizing them with 90 mg/kg BW
ketamine/15 mg/kg BW xylazine, intubating and mechanically ventilating them. Then the
chest was opened in the 3rd intercostal space, the LAD exposed and the ligature, a 7/0
prolene suture, passed underneath the LAD. To close the ligature at a later time point, a small
PE-10 tube was threaded on both ends of the suture, loosely forming a loop around the LAD
and the ends of the suture were left in a subcutaneous skin pocket, while ribs and skin were
closed. Mice recovered from surgery for 5 - 7 days and then underwent ischemia by
anesthetizing them with 2 % isoflurane, opening the skin and exposing the sutures. Ischemia

was induced under ECG control by using 5 g weights at each end of the suture. Lipolysis
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inhibition was achieved in DREADD-mice by intraperitoneal injection of 3 mg/kg BW
DREADD agonist 21 before ischemia and directly at the beginning of reperfusion. Body
temperature was maintained at 37.5 °C. Postoperative analgesia was achieved using
buprenorphine (0.05 mg/kg BW). To investigate NEFA levels and circulating adipokines,

blood was sampled from the tail vein before ischemia and after 30 min of reperfusion.

Operations were performed by Dr. med. Katharina Bottermann and Dominik Semmler.

2.2.4 Echocardiography

Echocardiography was performed using ultrasound device Vevo 3100 (Visual Sonics) and
ultrasound probe MX400. Spontaneously breathing animals were anesthetized using 4 %
isoflurane in 0,6 mL/min O», anesthesia was maintained with 2 % isoflurane. Mice were
fixed on a heating table, ECG, temperature and breathing frequency was controlled. Images
were taken from parasternal long axis (PSLA) in B-Mode and M-Mode and from parasternal
short axis at mid (B-Mode and M-Mode), base and apex (both B-Mode) of the heart. Cardiac
volumes (EDV, ESV, SV, CO) and functional parameters (EF, FAC, FS) were calculated
using Simpson’s protocol (Heinen et al. 2018). Echocardiography was performed by Dr. med.
Katharina Bottermann. All experiments were in accordance with the local animal regulations

and approved by the local authorities (LANUV NRW, AZ: 81-02.04.2019.A397).

(A)

©) 4

Area basal

Area mid L

Fig. 6: Illustration of echocardiography. (A) Schematic of a short axis view of the left ventricle. (B)
Schematic of the heart how it is seen for calculation of EDV and ESV using Simpson’s method. (C) Long axis

of a mouse heart with length estimation.

27



2.2.5 Blood pressure measurement

Blood pressure measurement was performed under anesthesia using isoflurane (2 - 2.5 %)
and buprenorphine (0.1 mg/kg, s.c.) was administered for perioperative analgesia. The
common carotid artery was exposed through a skin incision (approx. 1.5 cm) on the left
ventral side of the neck followed by a ligature and subsequent opening of the vessel. A 1.4
F Millar pressure volume catheter was inserted and the vessel around the catheter closed
with a permanent knot. After the stabilization of the blood pressure for 10 min, blood
pressure and heart rate were recorded for additional 15 min. After completing the functional

measurements, the catheter was removed, and the animals were killed by cervical dislocation.

Blood pressure measurement was performed by PD Dr. Dr. med. André Heinen and Anne

Hemmers.

2.2.6 Harvest of gWAT and iWAT

The mice were sacrificed, and the skin opened in the middle of the abdominal cavity,
inguinal white adipose tissue could be found underneath the skin (Fig. 7), lymph nodes inside
had to be carefully removed. After opening the peritoneum, gonadal white adipose tissue
directly connected to the gonads was exposed. The tissue used for gene and protein analysis
was first washed in cold 1x PBS and then frozen in liquid nitrogen before storing at -80 °C.
The tissue used for histological analysis was washed in cold 1x PBS and then kept in 4 %
formalin at 4 °C on a horizontal rotator overnight. On the second day, the tissue was

transferred to 1x PBS and kept at 4 °C until paraffin embedding.

gWAT

IWAT

Fig. 7: Anatomical position of gWAT and iWAT. The harvest position of inguinal white adipose tissue and
gonadal white adipose tissue. After opening the abdominal cavity, inguinal white adipose tissue was found
underneath the skin and after opening the peritoneum, gonadal white adipose tissue was found directly

connected to the gonads. gWAT: Gonadal white adipose tissue. iWAT: Inguinal white adipose tissue.
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2.2.7 DREADD agonist 21 preparation
10 mg/mL DREADD agonist 21 dihydrochloride stock solution was prepared by dissolving
25 mg DREADD agonist 21 powder in 2,5 mL sterile DPBS. The 2,5 mL stock solution was
aliquoted into 100 pL aliquots and kept at -20 °C.

2.2.8 Non-esterified fatty acids (NEFA) measurement

Blood taken from either the tail or the heart was centrifuged twice at 4000 rpm and 4 °C for
5 min, the supernatant namely serum was collected and kept on ice for use. NEFA-HR Assay
was used to quantitatively determine the FFAs in serum. It is based on an enzymatic method
using 3-methyl-N-ethyl-N-(B -Hydroxyethyl)-aniline (MEHA) as a violet coloring agent. 4
uL standard (0, 0,125, 0,25, 0,5 and 1 mM FUJIFILM NEFA Standard) or sample and 200
uL FUJIFILM NEFA(HR) 1 were pipetted into a Greiner 96 Well Cell Culture F-bottom
Plate and incubated at RT on a horizontal rotator for 5 min. After incubation, the plate was
measured by SYNERGY microplate reader at a wavelength of 550 nm and the first readouts
(A) was obtained. Then 100 pL. FUJIFILM NEFA(HR) 2 was added, the plate was incubated
at RT on a horizontal rotator for another 5 min and determined again at a wavelength of 550
nm. After having the second readouts (B), B — A was considered to be the measurement
value of each standard or sample. An equation was possible to be obtained with the help of

the standard series, and the concentration of fatty acids in the sample was able to be obtained.

2.2.9 Microtome cutting
Paraffin-embedded white adipose tissue was sectioned using a microtome at a thickness of
5 um. To collect large enough sections, the first 500 um of the section were discarded. Two

sections were always collected every 100 um and 20 sections were collected for each tissue

block.
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2.2.10 Hematoxylin and eosin staining

Adipocyte size and morphology was analyzed using hematoxylin and eosin staining. 5 um
paraffin sections were deparaffinized 3x 15 min in Roticlear and rehydrated in 100 %, 95 %
and 70 % ethanol for each 2 min. The washing steps were started with 1x PBS for 2x 5 min
and followed by washing with distilled water for 1 min. The cell nuclei were stained by
hematoxylin for 1 min, afterwards the slides were rinsed shortly in tap water and 1 %
HCI. Bluing was done by washing slides with running tap water which is mildly alkaline
for 10 min. Plasma and extracellular matrix were stained with 1 % eosin for 1 min. Before
mounting the sections with Roti®Mount, the slides were dehydrated in 70 %, 95 % and 100 %

ethanol for each 2 min and in Roticlear for 5 min.

2.2.11 Immunohistochemistry of adipose tissue paraffin sections

Immunohistochemistry is used to visualize the localization of a specific cell type or protein.
Anti-Mac?2 antibody was used to analyze macrophage infiltration in white adipose tissue,
anti-UCP1 antibody was used to analyze the browning of white adipose tissue. 5 um paraffin
sections were deparaffinized 3x 15 min in Roticlear and rehydrated in 100 %, 95 % and 70 %
ethanol for each 2 min. After rehydration, sections were washed in 1x PBS for 2x 5 min.
Antigen retrieval, which was used to reduce or eliminate the chemical modifications
introduced by formalin and hence gained the detectability of proteins, was performed by
boiling slides in citrate buffer at 65 °C for 20 min. Slides were cooled down at RT for at
least 10 min before washing 2x 5 min in 1x PBS. Blocking solution, which avoids the
unspecific binding of secondary antibody, was prepared by adding 10 % FCS and 1% BSA
in TBS. The slices were blocked at RT for 1 h and then incubated with 50-100 pl primary
antibody diluted with 1x PBS containing 1 % BSA at 4 °C overnight. On the second day, the
slides were washed 3x 5 min in 1x PBS before incubating with secondary antibody, which
was diluted with 1x PBS at RT in dark for 1 h. After incubation, slides were washed 3x 5
min in 1x PBS and mounted with ROTI® Mount FluorCare DAPI. The slides were dried in

dark at 4 °C overnight before being analyzed with fluorescent microscope.
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2.2.12 Cryosectioning

During cryosectioning, the temperature was controlled at -21 °C and the cryo-embedded
hearts were sectioned into 5 - 14 pm sections. The first intact section from the apex side that
could be selected was marked level 1, 2x 5 pm, 4x 8 um and 2x 14 pm sections were

collected every 500 um, 10 - 13 levels were collected for each heart.

Level 10

| 500 pm

Level 1

Fig. 8: Cryosectioned levels of one heart. The cryosectioned hearts were cut from the apex side to the basal

side, every 500 um eight 5 — 14 um sections were collected, 10 — 13 levels were collected for one heart.

2.2.13 Immunohistochemistry of cardiac cryosections

Native hearts were cryo-embedded in cryocompound using -30 to -40 °C cold isopentane.
Cryo-embedding allows a better preservation of antigens and therefore better detectability
by antibodies. The 8 um thick cryosections were first fixed with 4 % ice-cold formalin at
RT for 10 min. Afterwards, the sections were washed 3x 10 min with PBS. To avoid
unspecific binding of secondary antibody, the sections were blocked with 10 % NGS in 0,2 %
saponin/PBS at RT for 1 h in a wet chamber. After blocking, the sections were incubated
with the primary antibody, which was diluted with 2 % NGS in 0,2 % saponin/PBS overnight
at 4 °C in a wet chamber. Before incubating with the secondary antibody, the sections had
to be first washed 3x 10 min with 2 % saponin/PBS. The dilution of the secondary antibody
was with 2 % NGS in 0,2 % saponin/PBS and the incubation was performed at RT and in
dark for 3 h. After incubation, the sections were washed twice with 0,2 % saponin/PBS and
once with PBS, each time for 5 min. The slides were mounted with ROTI®Mount FluorCare

DAPI and dried in dark at 4 °C overnight before being analyzed with fluorescent microscope.
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2.2.14 Quantification of adipocyte size

To determine adipocyte size and morphology, H&E-stained slices of adipose tissue was
analyzed using Zeiss Axio Imager 2 microscope and 10x objective. For measurement of
adipocyte size, 200 cells per animal were analyzed in ImageJ by drawing manually the

outline of each adipocyte (Fig. 9).

Fig. 9: H&E staining of 5 pm gWAT paraffin section. Red arrow: example of a free hand-drawing adipocyte

in Imagel.

2.2.15 Quantification of macrophage number

For macrophages quantification adipose tissue slices were imaged with Zeiss Axio Imager
2 microscope using a 20x objective after anti-Mac2 fluorescent staining (Fig. 10). The
number of all macrophages in the whole section was counted manually using the software
ImagelJ and normalized to the size of the section. The final macrophage number was noted

as the number of macrophages in 1 mm? inguinal white adipose tissue.
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Fig. 10: Anti-Mac2 immunofluorescent staining of inguinal white adipose tissue. Pink arrow:

representative anti-Mac2 positive cell; yellow arrow: representative crown-like structure.

2.2.16 Quantification of cardiac scar size

For assessment of scar size all levels (8 um) of the hearts after 60 min ischemia and 7 d of
reperfusion were stained for WGA-Alexa Fluor 488. Whole heart images were taken using
fluorescence microscope with the 20x objective. The outline of every scar tissue was drawn
by hand in ImageJ. The whole heart section and the left ventricle were also drawn manually.
The percent of scar tissue occupying the whole heart section and the left ventricle was

calculated respectively.

Fig. 11: WGA staining of cryosectioned 8 pm heart section. Yellow line: free hand-drawing of scar tissue

in ImageJ. WGA: Wheat germ agglutinin.
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2.2.17 Tissue preparation

The protein for western blot analysis was obtained from the lysis of organs or tissues. The
lysis buffer for adipose tissue in western blot (Table 2) was used to lyse adipose tissue and
RIPA buffer was used to lyse other organs or tissues. Both buffers were supplemented with
1:100 Halt™ Protease & Phosphatase Inhibitor Cocktail (100x), which contains inhibitors
against the major classes of proteases and phosphatases and therefore prevents protein
degradation during extraction. Each tissue sample was lysed in 500 pL lysis buffer with the
help of Qiagen TissueRuptor. After lysis, the homogenate was kept immediately on ice and
followed by a centrifugation at full speed and 4 °C for 15 min. After centrifugation, the clear

layer containing protein was carefully transferred into a new tube and stored at -80 °C.

2.2.18 Protein concentration determination (BCA)

Protein concentration was determined by Pierce™ BCA Protein Assay Kit. A protein
standard series composing of 0, 25, 125, 250, 500, 750, 100, 1500 and 2000 pg/mL albumin
and the reagent for protein concentration determination which was prepared by mixing
Pierce™ BCA Protein Assay Reagent A with Pierce™ BCA Protein Assay Reagent B at
50:1. The protein from lysis was first diluted 1:5 with lysis buffer, 25 pL albumin standards
or diluted protein and 200 pL reagent were pipetted into a Greiner 96 Well Cell Culture F-
bottom Plate and incubated at 37 °C for 30 min. The protein concentration was determined

by SYNERGY microplate reader at a wavelength of 562 nm.

2.2.19 SDS PAGE

To analyze and quantify relative protein abundance, SDS PAGE followed by western blot
analysis was performed. Denatured proteins were separated according to their molecular
weights in a 10 % or 15 % self-casted polyacrylamide separating gel. According to protein
concentration, the protein sample was diluted with Millipore water and 4x laemmli buffer at
a final concentration of 2 ng/uL. Denaturation was done by incubating the samples at 95 °C
for 6 min. 50 ug sample was used for analysis. The gel ran in SDS running buffer at a voltage
of 100 V for around 15 min and then at 150 V for around 60 min. 5 pL PageRuler™

Prestained Protein Ladder was used as molecular weight reference.
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2.2.20 Western blot
Following SDS PAGE, proteins were blotted from the polyacrylamide gel to a nitrocellulose

blotting membrane using a Peqlab Semi-Dry Blotter. Before the transfer, gel, membrane and
Whatman papers were incubated in blotting buffer (Table 2) for a short while and the western
blot “sandwich” (Fig. 12) was prepared. The blotting was run at 105 mA for 60 min at RT.

In case two gels were transferred at the same time, the current was doubled to 210 mA.

Cathode ()

“4— 3x Whatman papers

+— Gel

<“— Blotting Membrane

4— 3x Whatman papers

WA
ANARAN

Anode (+)

Fig. 12: Western blot “sandwich”. Western blot “sandwich” composing of 6 Whatman papers, a
polyacrylamide gel and a nitrocellulose blotting membrane. The gel loaded with negatively charged proteins is

on the side of cathode, the proteins can be transferred to membrane along with the current.

After blotting, the membrane was stained for total proteins using Revert™ 700 Total Protein
Stain protocol, serving as the normalization reference. The membrane was first washed
roughly in Millipore water and then incubated in 5 mL Revert™ 700 Total Protein Stain
Solution for 5 min in dark at RT while shaking. Afterwards, the dye was washed out twice
by 30 s in Revert™ 700 Total Protein Wash Solution and once roughly in Millipore water.
After scanning, the membrane was blocked with blocking buffer for Western Blot (Table 2)
at RT on horizontal shaker for 1 h and incubated with 5 mL primary antibody solution on a
horizontal shaker at 4 °C overnight. Before incubation with 10 mL secondary antibody
solution, the membrane was washed 3x 10 min in 10 mL TBS-T at RT on horizontal shaker.
The incubation with secondary antibody was at RT on horizontal shaker for 1 h in the dark.
Before scanning, the membrane was washed 3x 5 min in 10 mL TBS-T at RT on a horizontal

shaker.
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2.2.21 ELISA

Ultra-Sensitive Mouse Insulin ELISA Kit which was based on a sandwich enzyme
immunoassay was used to check the circulating insulin level. 5 pL standard or serum was
diluted with 95 pL diluent from the kit and incubated at 4 °C for 2 h and followed by a
careful washing. Afterwards, 100 uL conjugate solution given by the kit was added and the
plate was incubated at RT for 30 min followed by a careful washing. 100 puL substrate
solution was added then and the plate was incubated again at RT for 40 min. The reaction
was stopped by adding 100 pL stop solution. The insulin concentration was measured by

SYNERGY microplate reader at a wavelength of 450/630 nm.

2.2.22 Multiplex

Commercially available Bio-Plex Pro Mouse Diabetes Adiponectin Assay and Bio-Plex Pro
Mouse Diabetes 8-Plex Assay were used to determine protein levels for leptin, adiponectin,
resistin, PAI-1, ghrelin, GIP, GLP-1, glucagon and insulin. Analysis was performed using a
Bioplex 200 suspension array system (Biorad, Hercules, CA, USA) according to the
manufacturer’s instructions. Protein concentrations were calculated from the appropriate
optimized standard curves using Bio-Plex Manager software version 6.0 (Biorad, Hercules,

CA).

Multiplex analysis was performed by Dr. Stefan Lehr from German Diabetes Center (DDZ).

2.2.23 RNA isolation from peripheral white adipose tissue

RNA of peripheral white adipose tissue was isolated using Qiagen RNeasy® Lipid Tissue
Mini Kit. Not more than 100 mg white adipose tissue was homogenized in 1 mL TRIzol with
the help of Qiagen TissueRuptor and the homogenate was incubated at RT for 5 min. To
separate the homogenate, 200 pL chloroform was added and the sample was shaken
vigorously for 15 s followed by centrifugation at full speed and 4 °C for 15 min. The aqueous
phase containing RNA was transferred into a new tube and the same amount of 70 % ethanol
was added to provide ideal binding conditions allowing the RNA to precipitate among the
other components. Up to 700 pL sample including any precipitate that may have formed was
transferred to a RNeasy spin column placed in a 2 mL collection tube, RNA was bound to

the silica membrane and the column was centrifuged at 8000x g and 4 °C for 30 s. After
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centrifugation, the flow-through was discarded and the step was repeated by using the same
collection tube if there was any remained sample. 700 pl RW1 buffer, which was used as a
stringent washing buffer to remove biomolecules like carbohydrates, proteins and fatty acids
bound on the silica membrane, was added and the column was centrifuged at 8000x g and
4 °C for 30 s. After this washing step, the column was washed twice with 500 pL ethanol-
containing RPE buffer, which was a mild washing buffer and removed traces of salts. The
two washing steps with RPE buffer were followed by centrifugation at 8000x g and 4 °C for
respectively 30 s and 2 min. Afterwards, the RNeasy spin column was placed in a new 2 mL
collection tube and centrifuged at full speed and 4 °C for 1 min. Finally, RNA was eluted by
incubating the RNeasy spin column, placed in a 1.5 mL RNase-free tube, with 30 pL RNase-
free water and then centrifuged at 8000x g and 4 °C for 1 min. 1 pL. RNA was used for
concentration measurement by NANODROP ONE Spectrophotometer. Isolated RNA was

stored at -80 °C before use.

2.2.24 RNA isolation from heart tissue

Qiagen RNeasy® Fibrous Tissue Mini Kit was used to isolate RNA from the heart. Not more
than 30 mg heart tissue was homogenized in 300 pL. RLT buffer by Qiagen TissueRuptor,
590 uL RNase-free water and 10 pL Proteinase K were sequentially added to the
homogenate which was afterwards incubated at 55 °C for 10 min and centrifuged at 10000x
g for 3 min. The supernatant after centrifugation was transferred into a new tube and the half
amount of 100 % ethanol was added. Up to 700 uL sample including any precipitate that
may have formed was transferred to a RNeasy spin column placed in a 2 mL collection tube
and centrifuged at 8000x g and 4 °C for 30 s. After centrifugation, the flow-through was
discarded and the step was repeated by using the same collection tube if there was any
remained sample. The membrane was washed twice with 350 uLL. RWI buffer and each was
followed by a centrifugation at 8000x g for 30 s and twice with 500 uLL RPE buffer followed
by centrifugations at 8000x g respectively for 30 s and 2 min. After washing steps, the
RNeasy spin column was placed in a new 2 mL collection tube and centrifuged at full speed
and 4 °C for 1 min. Finally, RNA was eluted by incubating the RNeasy spin column placed
in a 1.5 mL RNase-free tube with 30 uL RNase-free water and then centrifuged at 8000x g
and 4 °C for 1 min. 1 uLL. RNA was used for concentration measurement by NANODROP
ONE Spectrophotometer. Isolated RNA was stored at -80 °C before use.
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2.2.25 Reverse transcription

Reverse transcription was performed according to Qiagen QuantiTect® Reverse
Transcription Quick-Start Protocol. First, RNA was diluted according to its concentration
with right amount of Millipore water reaching a final volume of 12 pL containing 1000 ng
RNA. Diluted RNA was mixed with 2 uL 7x gDNA Wipeout Buffer to remove
contaminating genomic DNA and incubated in Eppendorf Mastercycler at 42 °C for 2 min.
After incubation, 6 pL reverse transcription master mix was prepared for each reaction

according to Table 7.

Component Volume

Quantiscript Reverse Transcriptase 1 uL
Quantiscript RT Buffer, 5x 4 uL
RT Primer Mix 1 ulL

Table 7: Components of reverse transcription master mix.

After adding master mix, the sample incubated again in Eppendorf Mastercycler running a

program as below (Table 8):

Temperature Time

42 °C 30 min
95 °C 5 min
4 °C o0

Table 8: Temperature and time set up of the thermal cycler for reverse transcription.

Before storing the synthesized cDNA at -20 °C, it was first diluted with 100 uL Millipore

water reaching a concentration of 1000 ng/120 pL.

2.2.26 Quantitative real time PCR

The amount of an expressed gene can be measured by the number of copies of an RNA
transcript (cDNA) of that gene present in a sample. Relative change in gene expression was
detected by quantitative real time PCR analysis. qPCR is based on monitoring the
amplification of a targeted DNA molecule in real-time. qPCR was performed using
Platinum® SYBR® Green qPCR SuperMix-UDG; which contains all components including
DNA polymerase, SYBR® Green dye and dNTPs, together with specific primers for the
target gene. The detection of PCR product was based on the binding of the fluorescent dye



SYBR Green absorbing light of a certain wavelength into the PCR product. 2,5 pL ¢cDNA
with a concentration of 1000 ng/120 pL and 7,5 puL master mix (Table 9), which is composed
of 2,5 pL primer pairs and 5 pL SYBR Green was pipetted into a MicroAmp® Fast 96-Well
Reaction Plate, which was tightly closed by MicroAmp™ Optical Adhesive Film.

Component Volume

Forward primer 1,25 uLL

Reverse primer 1,25 uL
Platimum® SYBR® Green qPCR SuperMix-UDG 5 uL

Table 9: Components of SYBR Green master mix for Qrt-PCR analysis.

The samples were analyzed by StepOne Plus Real-Time PCR Detection System. The
amplification program was set as an initial step at 95 °C for 10 min followed by 40 cycles
alternately 95 °C for 15 s and 60 °C for 60 s together. Calculation of relative gene
expressions was performed by means of ACt method using Nudc as reference gene. The

calculation of relative gene expressions for each animal is as follows:
Value = 2 » (— ACt)

The mean of all the values from control group was calculated via the calculation above, and
this mean value was used as a reference. By dividing each value obtained from the

calculation by this mean value, the final values of all the samples were obtained.

2.2.27 Statistical analysis

All the results were reported as mean + standard error of the mean (SEM). Statistical analysis
was performed by GraphPadPrism 9. For comparison of two groups unpaired, two-tailed #-
test or Mann-Whitney test was used. For comparison of groups with two variables 2-way-
ANOVA was used followed by Sidak’s multiple comparisons test. Outliers were identified
using ROUT test. A p-value smaller than 0,05 (*p < 0,05) was treated as significant, a p-
value smaller than 0,01 (**p <0,01) was treated as very significant, a p-value smaller than
0,001 (***p < 0,001) was treated as highly significant. Trends are shown by p-values as

numbers as indicated.
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3 Results

3.1 Myocardial ischemia worsens cardiac function

To analyze changes in subcutaneous and visceral white adipose tissue after M1, in this study,
3 groups of 12 weeks old C57B1/6] male mice were subjected to 60 min cardiac ischemia or
sham operation and underwent respectively 24 h, 7 d or 28 d of reperfusion. To trace the
change of cardiac function during reperfusion, echocardiography was done for 28 d group at
baseline, day 7 and day 28 (data acquired by Dr. Katharina Bottermann). At day 7 and day
28, the mice which were subjected to cardiac ischemia operation showed a significantly
reduced systolic pump function (Day 7: EF: 37 + 3.2 %, FAC: 28.9 + 1.6 %; Day 28: EF:
32.3+3.1 %, FAC: 22.9 + 4.2 %), and increased end diastolic and systolic volumes (Day 7:
EDV: 1223+ 6 ul, ESV: 77.5+ 6.7 ul; Day 28: EDV: 156.2 + 10 pl, ESV: 106.8 + 11.1 pl)
compared to sham operated mice (Fig. 13A). The ratios of gWAT and iWAT to BW stayed
unchanged between sham operated and ischemic operated mice at all the three timepoints

(Fig. 13B).
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Fig. 13: Echocardiography and ratio of adipose tissue to bodyweight of sham and ischemic operated
animals during reperfusion. (A) Ejection fraction, fractional area change, end diastolic volume and end
systolic volume at baseline and after 7 d and 28 d of reperfusion (n = 5, data acquired by Dr. Katharina
Bottermann). (B) The ratio of gonadal and inguinal white adipose tissue weight to bodyweight (n = 5-7). Mean
+ SEM, 2-Way-Anova with Sidak’s multiple comparisons test (A) or unpaired , two-tailed t-test (B). (Wang et
al. 2022)
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3.2 Myocardial ischemia chronically reduced adipocyte size
in iWAT
The adipose tissue morphology and adipocyte size were analyzed by H&E staining in 5 uym
paraffin sections of gWAT and iWAT. After cardiac ischemia, no major change was found
during reperfusion in gWAT, the morphology and adipocyte size were both comparable with
sham operated mice. (Fig. 14A,B,C). Elevated NEFA levels after 30 min of reperfusion
indicated a stimulation of lipolysis due to cardiac ischemia, therefore, the relative gene
expression of the main lipolytic enzyme ATGL (Pnpla2) was analyzed, Pnpla2 expression
was revealed to be similar between controls and infarcted mice at all three time points, which
was consistent with unchanged adipocyte size during the whole reperfusion phase (Fig. 14D).
However, in the subcutaneous depot, namely iWAT, the adipocyte size of infarcted mice
after 24 h of reperfusion started to show a significantly increased number of smaller
adipocytes (300-350 pm?) and decreased number of bigger adipocytes over 1500 pm?. This
shift towards smaller adipocyte size was even stronger after 7 d and was the most pronounced
after 28 d of reperfusion (Fig. 15A,B). The mean adipocyte size of iWAT was trended to
exhibit reduced adipocyte size in infarcted animals after both 24 h and 28 d of reperfusion
(p=0,0744 and p = 0,0764) (Fig. 15C). To further investigate the possible underlying reason
for decreased adipocyte size in iWAT after cardiac ischemia, gene expression analysis of
Pnpla2 was performed and after 7 d, Pnpla2 expression started to show a trend in infarcted
group towards a higher expression, and Pnpla2 expression after 28 d of reperfusion was
significantly upregulated in iWAT of infarcted animals (Fig. 15D). Taken together, lipolysis
is not only induced shortly after cardiac ischemia as seen by increased NEFA levels but also

chronically, at least in iIWAT, as seen by smaller adipocytes and increased gene expression

of ATGL.

41



40
Sham [yt
[N
& E Xy =
L) o
(Pt
b ) o
60 LIMR
) Ml
¢ IS 0 | Y
g 1 N ! 407 Cell Size/umz
Y e
" FINCLE
ik ] .
s : c 5
8 ‘ LNt _ E
o e =z
G LTAR ]
-10 T T T T T T T T T T T T T T T T T T T
S S “““ & "§ N ﬁ““ SHFFLSFFSFTFST TS S S
oS \\\@@3’ V§\@'\\\@‘\Q'Q'§f@'@p"),;b
Ll b \"'& TS FF S
401 Cell Size/um?

304

204

b
28d
Cell Number

104

2

Cell Size/pm

C (D
( ) 24h 7d 28d ) 24h 7d 28d
2000 2000 2000

1500 s 1500
g5 =+

1000 + 1000

2.0 2.0

e
I

wl £+

1000
[}

500

n
2
=
wn
S
>

0.5
[}

Mean adipocyte size |pm |
Mean adipocyte size [pmzl
Mean adipocyte size ||1m |

>
=
>

relative gene expression Prpla2

-
relative gene expression Prpla2
P
e

L
relative gene expression Pnpla2?
=
o
+ Hies

Sham Ischemia Sham Ischemia Sham  Ischemia Sham Ischemia . Sham Ischemia Sham Tschemia

Fig. 14: Cardiac ischemia showed no effect on adipocyte size in gWAT. (A) H&E staining of gWAT in
sham and cardiac ischemic operated mice after 24 h, 7 d and 28 d of reperfusion. (B) Adipocyte size distribution
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reperfusion (D) Relative gene expression of Pnpla2 in gWAT after 24 h, 7 d and 28 d of reperfusion. n = 5,
mean + SEM, unpaired, two-tailed t-test or Mann-Whitney test. gWAT: Gonadal white adipose tissue. H&E:
Hematoxylin and eosin. (Wang et al. 2022)
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3.3 Myocardial ischemia induced browning of iWAT

Smaller adipocyte size has been revealed by H&E staining in the inguinal depot of infarcted
animals, moreover, additional morphological changes were revealed by the staining. A large
number of adipocytes in iIWAT of ischemic operated animals were shown to be multilocular,
which is a typical feature of “brown-like” adipocytes (Fig. 16A). To validate the possible
browning phenomenon shown by H&E staining, the UCP1-expression which serves mostly
as browning marker was analyzed. Since similar number of animals from 24 h, 7 d and 28 d
groups showed the browning phenomenon, the 24 h time point group was chosen to analyze
the UCP1 expression level. Anti-UCP1 immunofluorescent staining demonstrated the
positive UCP1 expression only in iWAT of animals after 1 h ischemia and 24 h of
reperfusion (Fig. 16B). To quantitively evaluate UCP1 protein content, the protein levels of
UCP1 in sham and ischemic operated mice after 24 h of reperfusion were analyzed by
western blot analysis. By using the total protein as reference for analysis, a significantly

increased UCP1 protein level was found in infarcted animals (p = 0,0195, Fig. 16C).
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Fig. 16: Cardiac ischemia induced browning in iWAT. (A) H&E staining of iWAT in ischemic operated
mice after 24 h, 7 d and 28 d of reperfusion. (B) Anti-UCP1 fluorescence staining of iWAT in sham operated
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Hematoxylin and eosin. iWAT: Inguinal white adipose tissue. UCP1: Uncoupling protein 1. (Wang et al. 2022)

45



3.4 Myocardial ischemia reduced lipogenesis in iWAT

Our data show that myocardial ischemia has been suggested to stimulate lipolysis in the
peripheral white adipose tissue. Lipolysis and lipogenesis are two important metabolic
processes which dynamically maintain the stability of white adipose tissue, therefore,
whether and how the lipogenesis was altered due to the increased lipolysis was analyzed in
different WAT depots. The relative gene expression of several genes regarding lipogenesis
was investigated in controls and infarcted mice, by measuring gene expression, no profound
change was found in gWAT, only fatty acid synthase (Fasn) after 7 d of reperfusion showed
a trend to be upregulated in ischemic animals (Fig. 17). In iWAT however, the lipogenesis
seemed to be reduced after cardiac ischemia. Even if the gene expression of the transcription
factors PPAR-y (Ppary) and SREBP-1C (Srebpic) themselves were not affected, the
downstream genes involved in lipogenesis were either downregulated or trended to be
downregulated. The gene expression of lipoprotein lipase (Lp/) was downregulated after 24
h of reperfusion and trended to be downregulated after 7d and 28 d. Fatty acid synthase
(Fasn) and diacylglycerol acyltransferase 2 (Dgat2) both trended to be downregulated only
after 24 h of reperfusion in infarcted animals (Fig. 18). This reduced expression of a
lipogenic gene signature seemed to be an acute and transient reaction to myocardial ischemia,
only Lpl trended to be downregulated also at later timepoints, which was in line with

persistent smaller adipocyte size in subcutaneous WAT.
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Fig. 17: Cardiac ischemia did not affect lipogenesis in gWAT. Relative gene expression of Ppary, Lpl, Fasn,

Dgat2 and Srebplc in gWAT after cardiac ischemia and 24 h, 7 d and 28 d of reperfusion. n =5 - 6, mean +

SEM, unpaired, two-tailed t-test and Mann-Whitney test. Dgat2: Diacylglycerol O-acyltransferase 2. Fasn:

Fatty acid synthase. gWAT: Gonadal white adipose tissue. Lpl: Lipoprotein lipase. Ppary: Peroxisome

proliferator-activated receptor gamma. Srebplc: Sterol regulatory element-binding protein-1c. (Wang et al.

2022)
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Cardiac ischemia reduced lipogenesis in iWAT. Relative gene expression of Ppary, Lpl, Fasn,

Fig. 18

Dgat2 and Srebplc in iWAT after cardiac ischemia and 24 h, 7 d and 28 d of reperfusion. n =5 - 6, mean +

test and Mann-Whitney test. Dgat2: Diacylglycerol O-acyltransferase 2. Fasn:

SEM, unpaired, two-tailed t

Fatty acid synthase. iWAT: Inguinal white adipose tissue. Lpl: Lipoprotein lipase. Ppary: Peroxisome

proliferator-activated receptor gamma. Srebplc: Sterol regulatory element-binding protein-1c. (Wang et al.

2022)
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3.5 Myocardial Ischemia increased MAC-2" macrophage
infiltration in iWAT

Besides the browning phenomenon revealed by H&E staining, the staining also showed an
increased number of nuclei from non-adipocyte cells after 7 d of reperfusion. Assuming that
the tissue was infiltrated with immune cells, anti-Mac2 immunofluorescent staining was
performed in both gWAT and iWAT. In line with the assumption, significantly increased
number of MAC-2" macrophages were revealed by the quantification in iWAT of ischemic
animals after 7 d of reperfusion. Interestingly, even if the macrophage number stayed
unchanged in gWAT, the formation of crown-like structures (CLS), namely the structure
composed of macrophages surrounding dead or dying adipocytes, was significantly
increased. To analyze if the infiltration lasted longer, gWAT and iWAT of animals after 28
d of reperfusion were also stained by anti-Mac2 and analyzed. The quantification revealed
unchanged macrophage number in both depots after 28 d, which means the enhanced

macrophage infiltration due to cardiac ischemia is not a long-lasting effect (Fig. 19).
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Fig. 19: Macrophage infiltration was increased in iWAT after cardiac ischemia and 7 d of reperfusion.

(A) Anti-Mac2 fluorescent staining of gWAT and iWAT after 7 d and 28 d of reperfusion. (B) The number of

macrophages and crown-like structures in gWAT and iWAT after 7 d and 28 d of reperfusion. n =5 - 7, mean

+ SEM, unpaired, two-tailed t-test and Mann-Whitney test. DAPI: 4°,6-diamino-2-phenylindole. gWAT:

Gonadal white adipose tissue. iWAT: Inguinal white adipose tissue. (Wang et al. 2022)



3.6 Myocardial ischemia reduced adipokine expression in
iWAT
Adipose tissue is an important endocrine organ which secretes large number of cytokines
and adipokines, some of them are known to be involved in post-infarct remodeling.
Therefore, after cardiac ischemia the gene expression of several adipokines was analyzed
and the expression pattern of three adipokines which are highly expressed were found to be
altered due to myocardial ischemia. Consistent with the changes found after cardiac ischemia
in iWAT, the change of adipokine expression was also mainly found in iWAT. gWAT was
not much affected by infarction, resistin was the only gene which was downregulated in
infarcted animals after 24 h of reperfusion (Fig. 20). However, the gene expression pattern
of adipokines was much more affected in iWAT. Adiponectin was downregulated after 24 h
of reperfusion and trended to be downregulated after 7 d; leptin was downregulated after 7
d and resistin was downregulated after 24 h. None of the genes was differently expressed
after 28 d of reperfusion in both depots, which revealed that the disturbance of adipokine

expression due to myocardial ischemia was transient (Fig. 21).
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of Adipoq, Leptin, and Retn in gWAT after cardiac ischemia and 24 h, 7 d and 28 d of reperfusion. n =5 - 6,

mean + SEM, unpaired, two-tailed t-test and Mann-Whitney test. gWAT: Gonadal white adipose tissue. (Wang

et al. 2022)
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5 -6, mean

Adipoq, Leptin, and Retn in iWAT after cardiac ischemia and 24 h, 7 d and 28 d of reperfusion. n

+ SEM, unpaired, two-tailed t-test and Mann-Whitney test. iWAT: Inguinal white adipose tissue. (Wang et al.

2022)

53



3.7 Inducible adipocyte specific inhibitory DREADD
enables spatio-temporally specific inhibition of lipolysis

3.7.1 Successful expression of inducible adipocyte specific inhibitory

DREADD in white adipose tissue

To inhibit lipolysis of peripheral white adipose tissue in a spatio-temporal specific manner,
the mice being able to express adipocyte specific inhibitory DREADD were used for analysis.
The intraperitoneal injection of 4-hydroxytamoxifen enables the Cre-Lox recombination and
thereby hM4Di expression. To visualize successful receptor expression, the receptors are
tagged by hemagglutinin epitope tag (HA), which is followed by a P2A sequence and another
mCitrine reporter, which is a yellow-green variant of Citrine YFP. P2A is a self-cleaving
peptide which can induce ribosomal skipping during translation of a protein. After
translation, the fused protein will be split into 2 parts, mCitrine will enter the cytoplasm,
which allows to visualize transcriptional activity and thereby construct expression, whereas
HA-fused DREADD:s are located on the cell membrane allowing to determine, the detailed

spatial localization of receptors in the cell (Fig. 22).

4-Hydroxitamoxifen

l 5 consecutive days intraperitoneal injection

— AdipoQ Cre-recombinase-ERT2

lox-P lox-P

v oV

N T _| i I_ HA | nwm4Di P2A | mCitrine

Fig. 22: Inducible adipocyte specific inhibitory DREADD expression system. The hM4Di receptors, which

are under control of the strong ubiquitous adipocyte specific promotor CAG, are able to express after
intraperitoneal injection of 4-hydroxytamoxifen that enables the Cre-Lox recombination. The receptors are
tagged by HA and mCitrine reporters, which allow for detection of expression. P2A is a self-cleaving peptide,
after translation, mCitrine enters the cytoplasm, HA-fused receptors are located on the cell membrane.
DREADD: Designer receptor exclusively activated by designer drugs. HA: Hemagglutinin epitope. P2A: Self-

cleaving peptides.
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To analyze if the receptors were successfully expressed in white adipocytes, mCitrine
expression was analyzed immunochemically in paraffin sections of gWAT of Cre+/hM4Di-
and Cret+/hM4Di+ animals by anti-GFP DAB staining. Different from hM4Di- controls,
linking HRP to primary antibody oxidized DAB and formed dark-brown products in the
adipocytes of hM4Di+ mice revealing a high expression of mCitrine and thus also hM4Di
receptors (Fig. 23A). For a more specific analysis of receptor expression, the relative gene
expression of AM4Di was investigated in gWAT and iWAT of 4-hydroxytamoxifen induced
animals. Another control group, namely Cre-/hM4Di+ group was added into the experiments.
As expected, no hM4Di gene expression was seen in Cre+/hM4Di- mice, whereas very
surprisingly a low expression was found in Cre-’/hM4Di+ mice. Comparing to the receptor
gene expression in Cre+/hM4Di+ mice, which was highly significant in both gWAT and
1WAT, the relative gene expression of #M4Di in Cre-/hM4Di+ mice count 1,92 % in gWAT
and 1,53 % in iWAT (Fig. 23B).
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Fig. 23: Successful expression of hM4Di in WAT of induced ischemic mice. (A) Anti-GFP DAB staining
of gWAT. (B) Relative gene expression of hM4di in gWAT and iWAT. n = 8, mean + SEM, 2-Way-ANOVA
with Sidak’s multiple comparisons test. DAB: 3,3’-Diaminobenzidine. GFP: Green fluorescent protein.

gWAT: Gonadal white adipose tissue. iWAT: Inguinal white adipose tissue.
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3.7.2 Visible expression of inducible adipocyte specific inhibitory

DREADD in other organs of non-induced animals
The receptors were designed to be inducible expressed only in an adipocyte specific manner,
HA-hM4Di and mCitrine expression should be strictly limited to adipose tissue and the
expression should not be detectable prior to induction of Cre-recombinase. To exclude any
leakiness of the system, the receptor expression was also investigated in heart, liver and
skeletal muscle. Different from this expectation, GFP expression was visible in white and
brown adipose tissue prior to Cre-recombinase induction in Cre+/hM4Di+ mice and Cre-
/hM4Di+ mice in western blot analysis, with iWAT having the strongest GFP signal. In
addition to the expression in adipose tissue, weak but visible GFP signals were able to be
seen in the heart, liver and skeletal muscle prior to Cre-recombinase induction in all hM4Di+
mice (Fig. 24). The protein expression of GFP prior to Cre-recombinase induction and in

other organs revealed the leakiness of the STOP codon.
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Fig. 24: Visible GFP expression in adipose tissue and other organs prior to Cre-recombinase induction.
Western blot analysis of GFP expression in gWAT, iWAT, BAT, heart, liver and skeletal muscle. BAT: Brown

adipose tissue. GFP: Green fluorescent protein. gWAT: Gonadal white adipose tissue. iWAT: Inguinal white

adipose tissue.
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To quantitatively compare the expression level of hM4Di prior to and after the induction of

Cre-recombinase, the protein expression level of GFP was analyzed in gWAT and iWAT of

induced and non-induced animals. Visible GFP expression was found in all the hM4Di+

animals, however, a much lower GFP expression was revealed in both gWAT and iWAT of

non-induced mice. The GFP expression level of non-induced animals showed to be 20 % of

induced mice in gWAT, and 26 % of induced mice in iWAT. In non-induced mice,

comparing to Cret+/hM4Di+ group, the GFP expression was even lower in Cre-/hM4Di+

mice (Fig. 25).
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Fig. 25: Weak GFP expression in WAT prior to Cre-recombinase induction. (A) Western blot analysis of

GFP in gWAT of animals prior to or after 4-hydroxytamoxifen induction. (B) Western blot analysis of GFP in

iWAT of animals prior to or after 4-hydroxytamoxifen induction.
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As GFP protein expression had been detected in other organs including the heart, the
expression level of hM4Di in the heart was critical to find out. The protein expression level
of GFP was first compared between white, brown adipose tissue and heart in western blot
analysis. The analysis revealed visible GFP signals only in hM4Di+ mice after Cre-
recombinase induction. GFP showed to most highly express in inguinal depot and highly
expressed in gonadal depot. Comparing to the expression level of GFP in WAT, visible but
much weaker GFP expression was found in BAT and heart, the protein expression level of
GFP in the heart was only 18 % of that in iWAT. (Fig. 26A). Besides, the relative gene
expression level of 4AM4Di was investigated in iWAT, BAT and heart. In line with western
blot analysis, the quantification revealed a much lower receptor gene expression in the heart
compared to that in IWAT, the relative gene expression of #M4Di in the heart was only 2,5 %
of the expression in iWAT (Fig. 26B). Furthermore, echocardiography revealed no
difference in ejection fraction, fractional area change, end diastolic volume, end systolic
volume and heart rate between baseline and after giving DREADD agonist 21 (CP21) (Fig.
26C), which confirmed the low expression of hM4Di in the heart did not exhibit any

functional effect.
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Fig. 26: Very low hM4Di expression in the heart. (A) Western blot analysis of GFP in gWAT, iWAT, BAT
and heart. (B) Relative gene expression of AM4Di in iWAT, BAT and heart. (C) Comparable cardiac function
between baseline and under CP21 in Cre+/hM4Di+ mice revealed by echocardiography analysis. BAT: Brown
adipose tissue. BL: Baseline. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase. GFP: Green fluorescent
protein. gWAT: Gonadal white adipose tissue. iWAT: Inguinal white adipose tissue.
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3.8 Agonist-dependent acute inhibition of lipolysis in

DREADD mice after MI

As indicated, the receptors were successfully expressed in gWAT and iWAT, to activate the
receptors, DREADD agonist 21 which is an agonist for muscarinic-based DREADDs was
given to the animals at the beginning of ischemia and at the beginning of reperfusion. To
investigate if lipolysis due to cardiac ischemia could be successfully inhibited, blood was
taken from the tail of control mice and hM4Di expressing mice before ischemia (baseline)
and after 30 min of reperfusion. The blood after 24 h of reperfusion was taken from the heart
during harvest. NEFA assay was used to analyze circulating FAs level and revealed an
increase in plasma NEFA levels in Cre+/hM4Di- and Cre-/hM4Di+ control mice after 30
min of reperfusion due to ischemia while this was significantly suppressed in Cre+/hM4Di+
mice. Cre-’/hM4Di+ mice showed a slightly lower NEFA level compared to Cre+/hM4Di-
mice, however this difference was not significant. The circulating NEFA levels went back
to baseline in all the animals after 24 h of reperfusion, which indicated an only transient
increase in NEFA after cardiac ischemia (Cre+/hM4Di-: BL: 0,195 + 0,019 mmol/L, 30’ R:
0,589 + 0,069 mmol/L; Cre-/hM4Di+: BL: 0,161 £ 0,017 mmol/L, 30’ R: 0,505 £ 0,058
mmol/L; Cret+/hM4Di+: BL: 0,195 = 0,021 mmol/L, 30’ R: 0,336 £ 0,033 mmol/L). (Fig.
27).
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Fig. 27: The serum NEFA level was acutely and significantly decreased after MI in induced
Cre+/hM4Di+ mice. (A and B) Tail blood was collected at baseline and after 30 min of reperfusion in
Cre+/hM4Di-, Cre-/hM4Di+ and Cre+/hM4Di+ ischemic operated mice. The ischemia led to upregulated
serum NEFA levels after 30 min of reperfusion, whereas Cre+/hM4Di+ mice showed significantly
downregulated NEFA level compared to Cre+/hM4Di- and Cre-/hM4Di+ mice. Blood from the heart was
collected during harvest after 24 h of reperfusion, NEFA levels of all groups went back to baseline. n=6 - 15,
mean = SEM, 2-Way-ANOVA with Sidak’s multiple comparisons test. BL: Baseline. MI: Myocardial
infarction. NEFA: Non-esterified fatty acids.
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3.9 Improved cardiac systolic function in DREADD mice
after MI and 7 d of reperfusion

To investigate if inhibition of lipolysis after MI by activation of the adipocyte specific
inhibitory DREADD system could alter cardiac function post-ischemia, echocardiography
which is routinely used to monitor cardiac function, was used to analyze the animals at base
line and after 7d of reperfusion. The results revealed an improved cardiac systolic function
in Cre+/hM4Di+ animals after 1 h ischemia and 7 d of reperfusion, which is depicted by
increased ejection fraction (Cre+/hM4Di-: 31,9 + 6,7 %; Cre-/hM4Di+: 33,7 + 4,2 %;
Cre+/hM4Di+: 40,2 £ 6,7 %), increased fractional area change (Cre+/hM4Di-: 22,7 + 8,3 %;
Cre-/hM4Di+: 26,6 + 6,8 %, Cret+/hM4Di+: 34,1 £ 9,8 %) and improved stroke volume
(Cre+/hM4Di-: 39,2 +£ 9,7 uL; Cre-/hM4Di+: 39,3 £ 6,3 %, Cret/hM4Di+: 47,2 £ 6,7 uL)
(Fig. 28A). As hM4Di expression was also detected in the heart, Cre-/hM4Di+ animals were
used as a second control group and analyzed as well. Compared to Cre+/hM4Di- animals,
they did not show significant difference but showed a significantly reduced cardiac ejection
fraction compared to Cre+/hM4Di+ animals (Fig. 28B). Therefore, from this point on

Cre+/hM4Di- animals served as the only control group in the following experiments.

Since improved cardiac systolic function might be due to reduced aortic pressure, additional
intra-aortic pressure measurements were performed in mice after 7 d of reperfusion. Systolic,
diastolic and mean arterial pressure were unchanged between the two groups, indicating that
the improved cardiac systolic function was either due to an intrinsic enhanced contractile

function or a reduction in scar size (Fig. 28C).
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Fig. 28: Improved cardiac systolic function after acute inhibition of lipolysis. (A) Improved cardiac systolic
function in hM4Di expressing mice after 1 h ischemia and 7 d of reperfusion, as depicted by increased EF,
FAC and SV (B) Comparable cardiac function between two control groups revealed by echocardiography. (C)
Unchanged blood pressure and heart rate in hM4Di expressing mice after 7 d of reperfusion. n =4 — 13, mean
+ SEM, 2-Way-ANOVA with Sidak’s multiple comparisons test or unpaired, two-tailed #test. EDV: End
diastolic volume. EF: Ejection fraction. ESV: End systolic volume. FAC: Fractional area change. HR: Heart

rate. SV: Stroke volume.
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Accordingly, the scar size was analyzed after 7 d of reperfusion using wheat germ agglutinin
(WGA) staining, which is often used for labeling cell membranes and fibrotic scar tissue
(Emde et al. 2014). Snap frozen heart tissue was cryosectioned and the first 10 sections (level
1 to level 10) from the apex side were used for the quantification. WGA staining was
evaluated under fluorescent microscope, the scar tissue could be clearly seen in green color
(Fig. 29A). 14,06 += 4,90 % of the whole heart and 17,37 £ 5,97 % of left ventricle was shown
to be fibrotic scar tissue in Cre+/hM4Di- mice and 12,96 + 5,89 % of the whole heart and
15,93 + 7,31 % of left ventricle was shown to be fibrotic scar tissue in Cre+/hM4Di+ mice

(Fig. 29B), a difference which was not statistically significant.
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Fig. 29: Comparable scar size between Cre+/hM4Di- and Cre+/hM4Di+ mice after 7 d of reperfusion.
(A) WGA fluorescence staining of cryosectioned heart tissue of Cre+/hM4Di- and Cre+/hM4Di+ ischemic
mice after 7 d of reperfusion. (B) Analysis of scar size to the whole heart area and left ventricular area. n =10

— 13, mean + SEM, unpaired, two-tailed ¢-test. WGA: Wheat germ agglutinin.
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3.10 Changes in white adipose tissue due to acute inhibition
of lipolysis after MI

3.10.1 Acute inhibition of lipolysis during and after MI did not change

morphology of white adipose tissue
A series of morphological changes of iWAT have been revealed in C57BL/6J mice after
myocardial ischemia: 1) smaller adipocyte size in iWAT; 2) browning of iWAT and the
appearance of crown-like structures in gWAT; 3) increased infiltration of MAC-2+
macrophages in iWAT. To investigate if the acute inhibition of lipolysis using the inducible
adipocyte specific inhibitory DREADD system could reverse or change the effects caused

by cardiac ischemia, cell size, browning and macrophage infiltration were analyzed.

H&E staining revealed unchanged adipocyte size after 1 h ischemia and 24 h of reperfusion
in gWAT and iWAT between hM4Di expressing mice and control mice (Fig. 30). The cell
morphology of gWAT was shown to be typical white adipocytes, and similar to what has
been found in iWAT after MI, the adipocytes of inguinal depot after ischemia and 24 h of
reperfusion all turned to be smaller and some of them showed to be multilocular, which is
the typical morphology of brown adipocytes. The increased number of nuclei could also be
found in iWAT of control mice and hM4Di expressing mice. However, H&E staining did
not show if there was any difference in browning and macrophage infiltration between the
two groups, therefore, further browning analysis and macrophage infiltration analysis were
performed. The protein expression level of UCP1 and the relative gene expression of several
browning markers were investigated to analyze the browning effect. Even if a significantly
reduced UCP1 protein level could not be found by western blot analysis in hM4Di
expressing mice after 24 h of reperfusion, the browning level trended to be decreased after
acute inhibition of lipolysis (p-value = 0,1754, Fig. 31A). In line with UCP1 protein
expression level, the relative gene expression of browning markers also showed slightly
reduced expression levels in hM4Di expressing mice (Fig. 31B). The results revealed that
acute inhibition of lipolysis using DREADD system was able to partly reverse the browning
effect in iIWAT after ML

Due to the enhanced macrophage infiltration in iIWAT of C57BI1/6J mice after cardiac
ischemia and 7 d of reperfusion and the findings of increased number of nuclei in H&E
staining after 7 d of reperfusion, iWAT of control and hM4Di expressing mice was stained

by anti-Mac2 immunofluorescence staining after MI and 7 d of reperfusion. Increased
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number of macrophages, comparable to the numbers seen before in sham vs. ischemia, was
found in iWAT after 1 h ischemia and 7 d of reperfusion with or without acute inhibition of
lipolysis, however, no difference was overt between the two groups (Average macrophage
number: sham operated: 17,98 + 5,35 pro mm?; ischemic operated: 36,04 + 4,57 pro mm?;
Cre+/hM4Di-: 26,61 + 4,58 pro mm?; Cre+/hM4Di+: 27,19 + 5,07 pro mm?, Fig. 32). This
finding indicates that the enhanced macrophage infiltration in iWAT after MI is not due to

the acute lipolytic activation.
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Fig. 30 : Acute inhibition of lipolysis after cardiac ischemia did not affect adipocyte size in gWAT and
iWAT. (A) H&E staining of gWAT and adipocyte size distribution curve after 24 h of reperfusion. (B) H&E
staining of iWAT and adipocyte size distribution curve after 24 h of reperfusion. gWAT: Gonadal white

adipose tissue. H&E: Hematoxylin and eosin. iWAT: Inguinal white adipose tissue.
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Fig. 31 : The browning of iWAT induced by cardiac ischemia was partly reduced by acute inhibition of
lipolysis. (A) Western blot analysis of UCP1 expression in iWAT of hM4Di- and hM4Di+ mice after 24 h of
reperfusion. (B) Relative gene expression of Ucpl, Cox8b and Cidea in iWAT after 24 h of reperfusion. n =7
- 8, mean + SEM, Mann-Whitney test. Cidea: Cell death activator. Cox8b: Cytochrome c oxidase subunit 8B.
iWAT: Inguinal white adipose tissue. Ucpl: Uncoupling protein 1.
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Fig. 32 : Acute inhibition of lipolysis did not alter MAC-2+ macrophage infiltration in iWAT induced by
cardiac ischemia. (A) Anti-Mac2 immunofluorescent staining of iWAT after 7 d of reperfusion. (B)
Quantification of number of macrophages and CLSs in iWAT after 7 d of reperfusion. n = 11 - 13, mean =
SEM, Mann-Whitney test. CLS: Crown-like structure. DAPI: 4’,6-diamino-2-phenylindole. iWAT: Inguinal

white adipose tissue.
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3.10.2 Acute inhibition of lipolysis did not affect lipogenesis after MI and

24 h of reperfusion

Cardiac ischemia was associated with reduced lipogenesis in iIWAT as downstream targets
of the transcription factors PPAR-y (Ppary) and SREBP-1C (Srebpic) like Lpl, Fasn and
Dgat2 were downregulated. To investigate if acute inhibition of lipolysis after MI using
DREADD system could reverse or alter the gene expression profile regarding lipogenesis,
the relative gene expression of transcription factors Ppary, Srebplc and their downstream
genes Lpl, Fasn and Dgat2 was analyzed in gWAT and iWAT of mice which express or do
not express hM4Di after MI and 24 h of reperfusion. The analysis showed an unchanged
gene expression profile regarding lipogenesis in both gWAT and iWAT (Fig. 33), indicating
that also these alterations in the gene expression profile could not be reversed by acute
inhibition of lipolysis.
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Fig. 33 : Acute inhibition of lipolysis did not affect lipogenesis after 24 h of reperfusion. Relative gene
expression of Ppary, Lpl, Fasn, Dgat2 and Srebplc in hM4Di- and hM4Di+ ischemic mice after 24 h of
reperfusion. n =5 - 6, mean = SEM, unpaired, two-tailed t-test and Mann-Whitney test. Dgat2: Diacylglycerol
O-acyltransferase 2. Fasn: Fatty acid synthase. gWAT: Gonadal white adipose tissue. iWAT: Inguinal white
adipose tissue. Lpl: Lipoprotein lipase. Ppary: Peroxisome proliferator-activated receptor gamma. Srebplc:

Sterol regulatory element-binding protein-1c.

69



Acute inhibition of lipolysis did not change adipokine gene expression profile after MI and

24 h of reperfusion

Next to the lipogenic gene expression profile also adipokines like adiponectin, leptin and
resistin were shown to be reduced in iWAT after cardiac ischemia. To investigate if acute
inhibition of lipolysis using the DREADD system might impact adipokine expression,
Adipoq, Leptin and Resistin expression was analyzed in gWAT and iWAT after MI and 24
h of reperfusion in mice with or without hM4Di expression. Comparing to control mice, the
adipokine gene expression profile was not altered in both depots, indicating that adipokine

expression is not coupled to acute lipolytic activation (Fig. 34).
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Fig. 34 : Acute inhibition of lipolysis did not affect adipokine gene expression after 24 h of reperfusion.
Relative gene expression of Adipoq, Leptin and Retn in hM4Di- and hM4Di+ ischemic mice after 24 h of
reperfusion. n = 8, mean £ SEM, unpaired, two-tailed t-test and Mann-Whitney test. gWAT: Gonadal white

adipose tissue. iWAT: Inguinal white adipose tissue.
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3.10.3 Acute inhibition of lipolysis reduced resistin gene expression after

MI and 30 min of reperfusion
The main adipocyte-related alterations in DREADD-expressing mice compared to control
mice occurred after 30 min of reperfusion, in terms of decreased circulating NEFA levels in
hM4Di expressing mice. To investigate a direct relationship between NEFA level and the
gene expression of adipokines, the relative gene expression of adiponectin, leptin and resistin
was analyzed in gWAT and iWAT. The analysis revealed none of the adipokines showed
any change in gene expression pattern in gWAT. However, in iWAT, gene expression of

resistin was reduced (p-value = 0,01) in hM4Di expressing mice (Fig. 35).
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Fig. 35 : Acute inhibition of lipolysis reduced resistin gene expression in iWAT after 30 min of
reperfusion. Relative gene expression of Adipoq, Leptin and Retn in hM4Di- and hM4Di+ ischemic mice after
30 min of reperfusion. n = 10 - 11, mean + SEM, unpaired, two-tailed t-test and Mann-Whitney test. gWAT:

Gonadal white adipose tissue. iWAT: Inguinal white adipose tissue.
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3.11 Acute inhibition of lipolysis reduced circulating insulin

level after MI and 30 min of reperfusion

Based on the finding that reduced NEFA level correlated with reduced resistin gene
expression in iWAT of hM4Di expressing mice, the circulating levels of adipokines and
hormones related to diabetes were analyzed by multiplex analysis. Despite the alteration
found on gene expression level, this was not able to also reduce circulating resistin level in
hM4Di+ mice. Other circulating adipokines as leptin, adiponectin and PAI-1 also showed
no difference between the two groups, which was in line with the gene expression pattern in
white adipose tissue. Interestingly, among the hormones related to diabetes, the circulating
insulin level was significantly decreased (p < 0,001) in hM4Di expressing mice after 30 min

of reperfusion while other hormones as ghrelin, GIP and GLP-1 were unchanged (Fig. 36).

Adiponectin Leptin Resistin PAI-1 e Cre+/hM4Di-
2x107 4000- 200000 4000— = Cre+/hM4Di+
L] L]
7 . 1500004 ° 30004 e
gl5x10 . g 3000 = . g :
5 o . g - .
2 1x104 o " 22000 2 100000 7 2 2000
E " E P E ol e -
2 2 B o' = 2 . N
5x10%- 10004 <. FHy 50000 . 1000
o® = n
0 0 0 0
Insulin
Ghrelin GIP GLP-1 Glucagon *kk
25000 4000 . 300 1500 8000
[ : L] °
o n L]
20000 ° . 30004 e _.jg_ ] . Ch g 60004 °°
g £ + £ 200- . £ 1000 E
= 150004 = %°® = = = %
by I} u < L] o} )
2z s S 22000 °° " = -+ 2 o Z 40004 3
E 100004 *,e % E £ ooy =R E 3}.% 5= £ oo I
& & & 1004 °8 - @ 500 o . & —_—
s0004 ° 1000 . 2000 T
0 0 0 0 0

Fig. 36 : Decreased insulin level in circulation after acute inhibition of lipolysis in hM4Di+ mice after 30
min of reperfusion. The circulating level of leptin, adiponectin, resistin, ghrelin, GIP, GLP-1, PAI-1,
glucagon and insulin in hM4Di- and hM4Di+ ischemic mice after 30 min of reperfusion. n =10 - 11, mean +
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like peptide 1. PAI-1: Plasminogen activator inhibitor-1.
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As the Goi hM4Di receptor was found to be also expressed in other organs like heart, liver
and skeletal muscle, we wanted to rule out that reduced circulating insulin level was due to

Gui-signaling in pancreas. Therefore, hM4Di expression in the pancreas was investigated.

Anti-HA immunofluorescence staining was performed in gWAT and pancreas of hM4Di-
and hM4Di+ mice. Positive signals of anti-HA were easily found in gWAT of hM4Di+ mice
revealing a high expression of the receptors hM4Di. However, comparing to hM4Di- mice
and technical negative control, the pancreas, especially the islets, did not show any positive
red fluorescent signals (Fig. 37A). According to the staining, no relevant expression of
hM4Di was found in pancreas. Additionally, the protein expression of GFP was analyzed by
western blot analysis. Similar to heart, liver and skeletal muscle, pancreas showed as well
positive anti-GFP signals in every hM4Di+ mice (Fig. 37B). Even if the protein expression
of anti-GFP was seen in hM4Di expressing mice, the qPCR analysis validated the results
shown by immunohistochemistry. The relative gene expression of 2ZM4Di revealed that the
receptors were not expressed in relevant amounts since the Ct values were either above 33,65

or could not be detected at all (Fig. 37C).
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Fig. 37: Expression of hM4Di receptors in white adipose tissue and pancreas. (A) Anti-HA
immunofluorescence staining of gWAT and pancreas. (B) Western blot analysis of anti-GFP in the pancreas
of hM4Di- and hM4Di+ mice. (C) qPCR analysis of 2M4Di expression in the pancreas of hM4Di- and hM4Di+
mice. DAPI: 4°,6-diamino-2-phenylindole. GFP: Green fluorescent protein. gWAT: Gonadal white adipose
tissue. HA: Hemagglutinin epitope. WGA: Wheat germ agglutinin.
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To figure out why anti-GFP signals were always able to be detected in the western blot,
whereas only little hM4Di gene expression could be detected at mRNA level, the relative
gene expression of hM4Di and mCitrine was analyzed respectively in gWAT of Cre-
/hM4Di+ and Cre+/hM4Di+ mice after Cre-recombinase introduction. The relative gene
expression of hM4Di and mCitrine could both be seen at a low level in Cre-/hM4Di+ mice,
however, mCitrine exhibited a higher expression compared to hM4Di. 4,88 % of hM4Di and
9,21 % of mCitrine was expressed in Cre-’hM4Di+ mice compared to the expression in

Cre+/hM4Di+ mice (Fig. 38A).

For a functional read out, the circulating insulin level was validated by ELISA. When
comparing Cre+/hM4Di+ to Cre+/hM4Di- animals, the insulin level of these mice still
trended to be reduced with a p-value of 0,1271, supporting the results from the multiplex
analysis. More important, no difference could be seen between the two control groups,
indicating that indeed the reduction in circulating insulin level was due to the acute inhibition

of lipolysis, but not the leakiness of the receptor (Fig. 38B).
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Fig. 38: (A) qPCR analysis of hM4Di and mCitrine in gWAT of hM4Di- and hM4Di+ mice. (B) Analysis of
circulating insulin level by ELISA. n = 7 - 11, mean + SEM, unpaired, Mann-Whitney test (A) or One-Way
Annova with Tukey’s multiple comparisons test (B). ELISA: Enzyme-linked immunosorbent assay. gWAT.

Gonadal white adipose tissue.
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To further identify the effects of reduced insulin signaling in the heart after acute inhibition
of peripheral lipolysis, the relative expression of several genes which are known to respond
to insulin signaling such as the transcription factor Srebplc and its downstream genes Lpl
and Fasn, CD36 (Cd36) that imports fatty acids into cardiomyocytes and GLUT4 (Slc2a4)
that translocates onto the cell membrane after insulin binding and transports glucose into
cardiomyocytes, were investigated. Reduced gene expression of GLUT4 was found in

remote area (Fig. 39A), however the reduction could not be found in ischemic area (Fig.
39B).
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Fig. 39: Acute inhibition of lipolysis reduced GLUT4 gene expression in remote zone after 30 min of
reperfusion. The relative gene expression of Srebplc, Lpl, Fasn, Cd36 and Slc2a4 in remote (A) and ischemic
(B) zone after MI and 30 min of reperfusion. n = 10-11, mean £ SEM, unpaired, two-tailed t-test. Cd36: Cluster
of differentiation 36. Fasn: Fatty acid synthase. Lpl: Lipoprotein lipase. Slc2a4: Glucose transporter type 4.

Srebplc: Sterol regulatory element-binding protein-1c.
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3.12 Acute inhibition of lipolysis elevated phosphorylation of
PKA substrates in the heart after MI and 30 min of

reperfusion

Next to insulin, protein kinase A (PKA) is also known to inhibit the expression and
translocation of GLUT4 (Mangmool et al. 2016b). Furthermore, PKA also plays a major role
in regulating cardiac contractile function by phosphorylating several targets important for
contractility and relaxation of cardiomyocytes (Hanson et al. 2010). PKA-activity was
investigated using a broad anti-p-PKA substrates antibody, which indicates changes in
phosphorylation of PKA downstream targets. Phosphorylation signals could be clearly
detected and hearts of hM4Di expressing mice after 60 min ischemia and 30 min of
reperfusion showed a significantly higher phosphorylation of PKA substrates in both remote
and ischemic zone (Fig. 40 and Fig. 41). This finding indicates a higher activity of cardiac
PKA after inhibition of lipolysis and reduction of circulating NEFA and insulin level.
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Fig. 40: Acute inhibition of lipolysis increased phosphorylation of PKA substrates in remote zone after

30 min of reperfusion. Western blot analysis of p-PKA substrates and total protein in remote zone of hM4Di-

and hM4Di+ mice (p-value = 0,0336). n = 7, mean = SEM, unpaired, two-tailed t-test. PKA: Protein kinase A.
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Fig. 41: Acute inhibition of lipolysis increased phosphorylation level of PKA substrates in ischemic zone
after 30 min of reperfusion. Western blot analysis of p-PKA substrates and total protein in ischemic zone of
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Excessive exogenous fatty acids inhibit PKA activity by suppressing accumulation of cAMP
in adipose tissue (Mottillo und Granneman 2011b). To investigate if the acutely reduced
circulating NEFA levels play a major role in increasing PKA activity in cardiomyocytes, we
also analyzed PKA activity in white adipose tissue, and our data were in line with the
previous studies. Acute inhibition of lipolysis in DREADD system led to reduced circulating
NEFA levels after 30 min of reperfusion (Fig. 27). At this time point, PKA activity was
increased in iWAT as revealed by enhanced phosphorylation of PKA substrates (Fig. 42 and
Fig. 43). PKA plays an important role in regulating adipocyte lipolysis, activated hM4Di
starts Gi signaling pathway and suppresses PKA activity and phosphorylation of its
downstream targets like HSL. To show that increased PKA activity due to reduced
circulating NEFA levels did not interfere with inhibited lipolysis, we analyzed as well the
phosphorylation of HSL (s565). Even though increased PKA activity was detected in iWAT,
increased p-HSL (s565) was not found (Figure 44).
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Fig. 42: Phosphorylation of PKA substrates in gWAT after 30 min of reperfusion. Western blot analysis
of p-PKA substrates and total protein in gWAT of hM4Di- and hM4Di+ mice. n = 10-11, mean + SEM,
unpaired, two-tailed t-test. gWAT: Gonadal white adipose tissue. PKA: Protein kinase A.
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Fig. 43: Reduced circulating NEFA levels increased phosphorylation of PKA substrates in iWAT after
30 min of reperfusion. Western blot analysis of p-PKA substrates and total protein in iWAT of hM4Di- and
hM4Di+ mice (p<0,001). n = 10-11, mean = SEM, unpaired, two-tailed t-test. iWAT: Inguinal white adipose
tissue. PKA: Protein kinase A.
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Fig. 44: Increased phosphorylation of PKA substrates did not affect phosphorylation of HSL in iWAT
after 30 min of reperfusion. Western blot analysis of HSL and p-HSL (s565) in iWAT of hM4Di- and
hM4Di+ mice. n = 10-11, mean = SEM, unpaired, Mann-Whitney test. iWAT: Inguinal white adipose tissue.

HSL: Hormone-sensitive lipase.
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Phospholamban (PLN) is an important downstream target of PKA and it inhibits the cardiac
muscle sarcoplasmic reticulum Ca**-ATPase SERCA. Once PLN is phosphorylated by PKA,
the inhibition is relieved and SERCA shifts Ca?>" from the cytosol into the sarcoplasmic
reticulum, being thereby an important regulator of the Ca?’ transient in cardiomyocytes
(Hagemann and Xiao 2002). A reduced PLN at gene expression level was shown in remote
zone of hM4Di+ mice after 30 min of reperfusion (Fig. 45A). To validate this finding, the
protein expression level of PLN was analyzed by western blot analysis. Since
phosphorylation of PKA downstream targets was found to be upregulated in hM4Di+ mice,
also phosphorylation of PLN (s16) was analyzed. The phosphorylation of PLN (s16) and the
total protein expression of PLN were investigated by using GAPDH as reference. The
alteration of Pln gene expression, was not reflected on protein expression level in remote
zone of hM4Di+ mice (Fig. 45B). However, in line with increased p-PKA substrate
phosphorylation also the phosphorylation of PLN (s16) was upregulated in remote zone and
trended to be upregulated in ischemic zone of hM4Di+ mice after 30 min reperfusion (Fig.

45B).
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Fig. 45: Acute inhibition of lipolysis reduced Pln at gene expression level and increased phosphorylation

of PLN (s16) at protein level in remote zone after 30 min of reperfusion. (A) Gene expression analysis of

Pln in remote and ischemic zones after 30 min of reperfusion. (B) Western blot analysis of PLN and p-PLN

(s16) in remote and ischemic zones after 30 min reperfusion. n = 6 - 11, mean = SEM, unpaired, two-tailed t-

test. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase. PLN: Phospholamban.
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Ca’" serves as the main second messenger for cardiomyocyte contraction by binding to

troponin causing its conformational change and exposing binding sites for myosin, which

binds to actin forming crossbridge and allowing the contraction (Betts et al. 2013). Troponin

Iis also a known target of PKA, phosphorylation enables faster relaxation of cardiomyocytes

(Betts et al. 2013). The phosphorylating level of troponin I at serine 23 and 24 was

investigated, and though it did not reach statistical significance, also the phosphorylation of

troponin I (s23/24) showed a strong trend towards an increase with a p-value of 0,0786 in

remote zone of hM4Di+ mice (Fig. 46), further confirming an elevated PKA-activation in

remote zone of hearts after acute inhibition of lipolysis.
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Fig. 46: Acute inhibition of lipolysis trended to reduce phosphorylation of Tnl (s23/24) in remote zone

after 30 min of reperfusion. Western blot analysis of Tnl and p-Tnl (s23/24) in remote and ischemic zones

after 30 min reperfusion. n = 7, mean £ SEM, unpaired, two-tailed t-test. Tnl: Troponin I.
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4 Discussion

4.1 Cardiac ischemia induces changes in subcutaneous

white adipose tissue

Myocardial infarction (MI), which is due to reduced blood flow in a coronary artery of the
heart and leads to damage of myocardium has strong systemic implications. Several factors
such as decreased cardiac output, pain, distress and death of cardiomyocytes result in the
elevation of circulating catecholamine levels (Valori et al. 1967). The -elevated
catecholamine levels impact on different organs including adipose tissue and result there in
increased lipolysis (Schreiber et al. 2019). Due to the close crosstalk between the heart and
adipose tissue, adipose tissue and lipolysis has been suggested as therapeutic target in cardiac
pathologies (Smeir et al. 2021). While several studies investigated lipolysis in the context of
pressure overload induced heart failure, little is known about the impact of MI in adipose
tissue beyond the acute stimulation. In this study, C57B1/6J male mice went through sham
or cardiac ischemic closed-chest operation, and increased lipolysis could be proven by
upregulated NEFA levels after 30 min of reperfusion by Heba Zabri, which is in line with
the published data (Yue et al. 2003; Oliver 2014). The weight of white adipose tissue was
analyzed during the reperfusion phase for up to 28 d of reperfusion, however cardiac
ischemia did not induce any weight change in visceral or subcutaneous depots (Fig. 13B).
As well known, white adipose tissue is subdivided into subcutaneous and visceral depots.
Visceral adiposity has been demonstrated to be an important trigger in activating several
pathways of metabolic syndromes (Matsuzawa et al. 2011; Pekgor et al. 2019). However,
according to our findings, MI in a lean mouse model mainly induces alterations in the

subcutaneous white adipose tissue. The alterations include:

1) Morphological changes in subcutaneous white adipose tissue as small adipocyte size,
browning and increased MAC-2" macrophage infiltration. More formation of crown-
like structures can be found in visceral white adipose tissue.

2) Reduced lipogenesis in subcutaneous white adipose tissue as shown by reduced
lipogenesis-relevant gene expression.

3) Reduction in adipokine gene expression mainly in the subcutaneous depot.
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4.1.1 Cardiac ischemia induces morphological changes in subcutaneous

white adipose tissue
The morphological analysis of white adipose tissue first revealed a sustained reduction of
adipocyte size in subcutaneous depot (Fig. 15A). The adipocyte size distribution showed the
trend towards smaller adipocytes was getting stronger during the reperfusion phase, animals
at day 28 had the maximal number of small adipocytes and the minimal number of large
adipocytes (Fig. 15B). This finding was associated with an upregulated ATGL gene
expression, which started to show a trend of increase after 7 d and was significantly increased
after 28 d (Fig. 15D). The reduction of adipocyte size and upregulation of ATGL gene
expression are in line with the previous knowledge that cardiac ischemia induced adrenergic
stimulation, which stimulates lipolysis and thereby results in smaller lipid droplets and
smaller adipocyte size due to lipid cleavage (Schreiber et al. 2019). However, according to

my data cardiac ischemia induces lipolysis not only acutely but also has chronical effects.

Next to size reduction a large number of subcutaneous adipocytes were shown to be
multilocular, which is the typical feature of brown adipocytes. These beige or brite (brown-
in white) adipocytes are located in white adipose tissue but share the same phenotype as
brown adipocytes, which have a high number of mitochondria and can be detected by high
expression of UCP1 (Bargut et al. 2017). Recent studies indicate that the browning process
starts in response to certain stimuli such as exercise and cold exposure, which activate
directly the SNS to release catecholamines that stimulate Bs-adrenergic receptors (Scheel et
al. 2022). The browning process is more prone to start in subcutaneous depots since the
adipocytes there are predominantly smaller and are much easier to get differentiated
(Gustafson and Smith 2015). In this study, the browning in subcutaneous depot was
confirmed by upregulated UCP1 expression at protein level (Fig. 16). The most likely
explanation for browning of subcutaneous white adipose tissue in this study is the acute [33-
adrenergic stimulation due to cardiac ischemia since control mice underwent anesthesia and
sham operation in the same manner as cardiac ischemic operated mice, which revealed that
the browning was not due to other experimental procedures like surgical trauma (Longchamp
et al. 2016). In addition, previous studies demonstrated that natriuretic peptides, which are
secreted from cardiomyocytes and highly released after acute MI, promote browning in the
same manner as adrenaline by activating mTORCI (Liu et al. 2018; Durak-Nalbanti¢ et al.

2012).
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Histological analysis also revealed in this study an increased infiltration of MAC-2"
macrophages in subcutaneous depot and formation of crown-like structures in visceral depot
after 7 d of reperfusion (Fig. 19). It has long been known that obesity of adipose tissue is
often associated with the appearance of inflammation as M1-like macrophages which are the
main driver of inflammation infiltrate adipose tissue. A previous study has demonstrated that
macrophage infiltration was found in leptin-deficient and leptin receptor-deficient induced
obese mice (Xu et al. 2003). In our mouse model, both in subcutaneous and visceral depot
during the reperfusion phase for up to after 28 d (Fig. 13B), leptin gene expression was
significantly downregulated after 7 d of reperfusion in subcutaneous depot, which was in
line with the observation of increased macrophage number. Moreover, to investigate if the
adipose tissue inflammation after MI was a persistent effect, the number of macrophages
after 28 d of reperfusion was analyzed as well. In 28 d mice, no difference in inflammation
was revealed in subcutaneous depot between cardiac ischemic and sham operated mice,
which was also in line with the unchanged leptin gene expression after 28 d of reperfusion
(Fig. 21). Our study confirmed again a correlation between macrophage infiltration and

reduced leptin secretion.

FFAs are important extracellular and intracellular molecules and are thought to be important
for remodeling of adipose tissue, stimulated lipolysis leads to increased amount of FFAs,
previous studies showed that acutely stimulated lipolysis induced by p-adrenergic
stimulation is closely linked with accumulation of adipose tissue macrophages (Mottillo et
al. 2007; Morris et al. 2011). Cardiac ischemia leads to increased B-adrenergic stimulation,
which is one of the strongest stimuli for lipolysis in white adipose tissue, in our ischemic
mice model, more macrophages were found after cardiac ischemia and 7 d of reperfusion,
this finding was in line with the published data from previous studies. Furthermore, another
study from 2010 revealed that after stimulation of lipolysis, the inflammatory profile of
white adipose tissue was reduced again after 3 weeks in mice, in which the lipolysis was
induced by caloric restriction (Li et al. 2010). Even if in this mice model, the lipolysis was
induced by caloric restriction, this published data was in line with our finding that the
macrophage number was significantly increased after 7 d of reperfusion but showed no
difference again after 28 d (Fig. 19). So, our data validated again the relationship between
lipolysis and the accumulation of macrophages: cardiac ischemia stimulates lipolysis and
thereby induces the accumulation of macrophages, however, this immune response changes

dynamically during the reperfusion phase. Lipolysis induced accumulation of macrophages
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was more profound in subcutaneous depot, a slight increased number of macrophages in
visceral depot was mainly due to the formation of crown-like structures, which are formed
by dead or dying adipocytes surrounded by macrophages and serve as a histological marker
of local inflammation. The previous study indicated that crown-like structures are prevalent

in visceral depot compare with subcutaneous depot, which was also in line with our finding

(Murano et al. 2008).

4.1.2 Cardiac ischemia reduces lipogenesis in subcutaneous white adipose

tissue

As the balance between lipolysis and lipogenesis is an important determinant for fat build-
up and lipolysis was proven to be upregulated due to cardiac ischemia, the investigation of
lipogenesis in the different depots was of interest. Lipogenesis encompassing fatty acid
synthesis and subsequent triglyceride synthesis takes place in liver and adipose tissue. In
adipose tissue the expression of lipogenic genes is mostly mediated by the transcription
factors SREBP-1 and PPAR-y (Kersten 2001). In our study, the gene expression of these two
transcription factors was unchanged (Fig. 17 and 18), which is in line with a previous study
where transgenic mice with overexpression of SREBP-lc only markedly elevated
cholesterol metabolism, and genes regarding lipogenesis stayed unchanged in white adipose
tissue (Shimomura et al. 1998). Despite unchanged gene expression of transcription factors,
the reduced expression of downstream genes of SREBP-1 and PPAR-y still indicated a
reduced lipogenesis after MI in subcutaneous depot (Fig. 18). The gene expression of fatty
acid synthase (FASN) and diacylglycerol O-acyltransferase 2 (DGAT2), which catalyze
fatty acid synthesis both trended to be downregulated after cardiac ischemia and 24 h of
reperfusion in subcutaneous depot. This change in gene expression pattern revealed that the
lipogenic reaction to cardiac ischemia was fast and transient, since the gene expression went

back to baseline after 7 d and 28 d of reperfusion (Fig. 18).

In addition to the synthesis of fatty acids from non-lipid precursor, namely a process called
de novo lipogenesis, lipoprotein lipase, which is partly secreted from adipocytes and is an
enzyme responsible for the degradation of triglyceride-rich lipoproteins in the intraluminal
space of capillaries, also mediates fatty acids uptake and is transcriptional regulated by

PPAR-y (Bartelt et al. 2013; Wang and Eckel 2009). In our study, the gene expression of
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LPL was reduced after 24 h of reperfusion and still trended to be reduced after 7 d and 28 d,

this was in line with persistent smaller adipocytes in subcutaneous depot (Fig. 18).

Interestingly, reduced lipogenesis together with increased lipolysis and increased browning
are hallmarks of adipose tissue found in cancer patients (Weber et al. 2022). This might

indicate that cardiac ischemia re-modulates white adipose tissue in an unfavorable manner.

4.1.3 Cardiac ischemia reduces adipokine expression in subcutaneous

white adipose tissue
Adipose tissue is not only an organ storing fat and supplying energy, but is also regarded as
an important endocrine organ which secretes a large number of cytokines and adipokines.
To investigate whether and how cardiac ischemia modulates adipokine expression pattern
will help to better understand the metabolic status of the body after cardiac ischemia. Our
study revealed a reduction of adipokine expression after cardiac ischemia especially in the

subcutaneous depot.

Adiponectin is an adipokine primarily produced in adipose tissue which regulates lipid
metabolism and has anti-inflammatory effects (Nguyen 2020). Previous studies indicated
that adiponectin promoted triglyceride accumulation and suppressed lipolysis in adipocytes
(Fu et al. 2005; Wedellova et al. 2011). In my thesis, an increased lipolysis and decreased
lipogenesis were already revealed in subcutaneous depot of cardiac ischemic operated mice,
which matches to the reduced adipokine expression after 24 h of reperfusion and still trended
to be downregulated after 7 d (Fig. 21). In addition, adiponectin was reported to be
cardioprotective and directly related to myocardial infarction. High plasma adiponectin
levels are revealed to be associated with a lower risk of MI (Pischon et al. 2004), and
adiponectin levels were found to rapidly decrease after acute MI during the first 72 hours
and nearly normalize again after 7 days in humans (Kojima et al. 2003). Our study not only
validated this finding, but also suggested that the reduction of adiponectin secretion was
mainly from the subcutaneous depot. Moreover, the protective effect of adiponectin on the
heart is also reflected in reducing infarct size and inhibiting apoptosis (Shibata et al. 2005).
In addition, the nuclear receptor PPAR-y was indicated as a key transcriptional factor that
controlled adipokine gene expression including adiponectin (Guo et al. 2017; Iwaki et al.
2003). LPL, which is the downstream target of PPAR-y showed a reduction in gene

expression in subcutaneous depot of cardiac ischemic operated mice after 24 h of reperfusion
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and trended to be downregulated after 7 d (Fig. 18). The gene expression data of adiponectin
and LPL fit to each other spatially and temporally in my thesis.

Next to adiponectin, leptin, which regulates long-term energy balance was also shown to be
cardioprotective. Leptin resistance promotes impaired cardiac metabolism, increases fibrosis,
vascular dysfunction and enhances inflammation (Poetsch et al. 2020).Circulating leptin
levels were found to be elevated in humans at day 2 to day 3 after MI (Fujimaki et al. 2001;
Khafaji et al. 2012). In our mice model, leptin was reduced in the subcutaneous depot at
transcriptional level and it seemed that the reduction neither react to cardiac ischemia rapidly
nor very chronically, since the reduced leptin expression was only found after 7 d of
reperfusion (Fig. 21). In addition, the lack of leptin was demonstrated to closely link with
macrophage infiltration in adipose tissue. Therefore, the reduced gene expression data of
leptin after 7 d of reperfusion in subcutaneous depot of cardiac ischemic mice fit to the result

of macrophage accumulation after 7 d.

Resistin, which is involved in glucose metabolism and insulin signaling was found to have
inflammatory profile leading to an increased expression of several other pro-inflammatory
cytokines (Milan et al. 2002; Silswal et al. 2005; Gualillo et al. 2007). Resistin was also
suggested to show direct association with cardiovascular disease. Several human studies
suggested that resistin plays an important role in the pathogenesis and progression of
atherosclerosis (Codofier-Franch and Alonso-Iglesias 2015), clinical studies also
demonstrated the positive correlation between high circulating resistin levels and
hypertension in humans (Badoer et al. 2015) and high plasma resistin levels were suggested
to have an increased risk of myocardial infarction (Weikert et al. 2008). However, the role
of resistin after MI is still unclear, as previous studies revealed that plasma levels of resistin
were either increased or unchanged in humans (Gruzdeva et al. 2014; Korah et al. 2011).
Our study surprisingly revealed a transient reduced resistin expression in both visceral and
subcutaneous depot after cardiac ischemia. PRDM16, which is very selectively expressed in
brown adipose tissue and therefore serves as a marker of browning, represses white adipose
tissue specific genes including resistin through the direct interaction with C-terminal binding
proteins (Seale et al. 2007; Kajimura et al. 2008). The browning found in subcutaneous depot
after myocardial ischemia and 24 h of reperfusion could help to explain the reduction of
resistin seen at the same time point. Myocardial ischemia seemed not to modulate visceral
white adipose tissue that much, the formation of crown-like structures which are dead or

dying adipocytes surrounded by macrophages was the only change revealed by our study.
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So far, no study has revealed any direct association between the formation of CLSs and
resistin levels, however, resistin was known to be exclusively secreted by adipocytes in
rodents (Rajala et al. 2002). In our mice, more CLSs were seen in the visceral depot after
cardiac ischemia and 24 h of reperfusion. CLSs are dead or dying adipocytes surrounded by
macrophages, increased CLS number suggests increased number of dead or dying adipocytes.
This indicates that less adipocytes can secrete resistin and might help to explain the reduced

resistin expression.

4.2 Successful expression of hM4Di in white adipose tissue

and its leaky expression

In our study, DREADD expression was induced by using Cre-loxP technique. The adipocyte
specific promotor of adiponectin (AdipoQ) was used to drive expression of CreERT2-
recombinase, tamoxifen-activated Cre-recombinase could then excise the loxP-flanked
STOP codon between CAG-promotor and DREADD construct. Therefore, the hM4Di-
receptor and the reporter should only be expressed after Cre-recombinase induction and in
an adipocyte specific manner. However, during the analysis of DREADD construct
expression, the reporter mCitrine was not only found to be expressed in adipose tissue, but
also in other tissues such as heart, liver and skeletal muscle already prior to Cre-recombinase
induction (Fig. 24). The Cre-independent expression revealed a leakiness of the STOP codon
similar to several previous studies which demonstrated as well the low-level or leaky
expression of recombinant proteins in the absence of activated Cre-recombinase (Fischer et
al. 2019; Kallunki et al. 2019; Lavin et al. 2020). To further characterize the leaky expression,
hM4Di expression level was compared prior to and after Cre-recombinase induction and a
much lower mCitrine expression counting around 20 % of that after Cre-recombinase
induction was revealed both in gWAT and iWAT in the absence of Cre activity (Fig. 25).
One of the big advantages of DREADD system is its two-way selectivity of receptor-agonist
pair, even if hM4Di express independent from Cre activity, without applying DREADD
agonist 21, the G signaling pathway will not be activated and inhibition of lipolysis will
not be started. Therefore, without application of the DREADD agonist, the low-level

expression of hM4Di in the absence of Cre activity can nearly be ignored.

As a main goal of the thesis was to investigate the implantation of lipolysis on cardiac

function after MI, the leaky expression of hM4Di in the heart is of course also of great
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concern. G protein-coupled receptors are reported to play key roles in regulating cardiac
function. Muscarinic receptors, which are an important family of GPCRs, are present in the
heart. Among the five subtypes of muscarinic receptors, M2 and M4 are coupled to Gi and
lead to reduced PKA activity, reduced L-type Ca*" channel current in the heart, they suppress
as well the hyperpolarization-activated cyclic nucleotide-gated 4 channel (HCN4) and in
turn reduce the pacemaker current (Grogan et al. 2023). M2 is demonstrated as the
predominant subtype in the human heart and to be essential for stress response in the murine
heart, M4 can only be detected at mRNA level but not at protein level in the human heart
and the presence of M4 at a functional level in rodents is still unclear (Saternos et al. 2018;
Wang et al. 2001; Tomankova et al. 2015). The reporter protein mCitrine was used to
measure DREADD-construct expression in adipose tissue after induction of Cre-
recombinase and revealed to be the highest in iWAT, high in gWAT, low in BAT and the
lowest in the heart. The receptor hM4Di expression in the heart only counts 18 % of that in
iWAT at protein level and 2,5 % at mRNA level (Fig. 26A,B). Furthermore,
echocardiography analysis showed EF, FAC, EDV, ESV and heart rate were all not altered
after receiving DREADD 21 agonist, which revealed the low expression level of Gy protein-

coupled receptors in the heart did not have any functional effect (Fig. 26C).

Multiplex analysis revealed that transient inhibition of lipolysis led to significantly reduced
circulating insulin levels after MI and 30 minutes of reperfusion (Fig. 36). Insulin is known
to be secreted from pancreatic islets and secretion is tightly controlled by GPCRs (Thor
2022). To validate the reduced circulating insulin levels were not due to the leaky expression
of hM4Di in the pancreas, hM4Di expression was investigated in the pancreas. Similar to
the visible GFP signals seen in other organs, positive GFP signals could also be detected in
the pancreas of Cre+/hM4Di+ mice prior to Cre-recombinase induction by western blot
analysis (Fig. 37). However, both immunofluorescence staining of anti-HA and qPCR
analysis of AM4Di revealed negative receptor expression. Wondering if the leakiness mainly
led to mCitrine expression, qPCR analysis of hM4Di and mCitrine was performed in Cre-
/hM4Di+ and Cre+/hM4Di+ mice after Cre-recombinase introduction. The analysis revealed
that the leaky expression of both hM4Di and mCitrine existed, however the leakiness led to
1,9 times higher mCitrine expression than hM4Di. A recent study from Osanai in 2022
demonstrated that the transgene on 3'- site of a P2A sequence is more likely to have Cre-
independent expression, which is due to the 5'- site transgene promoter like activity (Osanai

et al. 2022). Since the expression of multiple transgenes under control of a single promoter
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is often desired, they also suggested that the solution to a large extent reduce the leaky
expression was by inclusion of an additional lox-STOP-lox cassette between 3'- site
transgene and P2A sequence (Osanai et al. 2022). To investigate if the leakiness might lead
to functional difference, an additional control group Cre-/hM4Di+ was included in some
experiments. The circulating levels of fatty acids measured by NEFA assay showed a
reduction in Cre+/hM4Di+ mice after MI and 30 minutes of reperfusion compared to both
control groups, which suggested that the leakiness did not affect the inhibition of lipolysis
after MI in white adipose tissue (Fig. 27). Furthermore, the measurement of circulating
insulin levels using ELISA revealed no difference between Cre+/hM4Di- and Cre-/hM4Di+
control groups while insulin in circulation still trended to be reduced in Cre+/hM4Di+ mice
after MI and 30 minutes of reperfusion, as also observed in multiplex analysis, which

suggested again that the leakiness did not functionally disturb insulin secretion (Fig. 38).

4.3 The effect of transient inhibition of lipolysis using

DREADD system after MI on white adipose tissue

Myocardial ischemia has been proved to modulate white adipose tissue in a depot-specific
manner. To investigate, if acute inhibition of lipolysis after MI by using DREADD system
induces any changes in white adipose tissue, key findings from the sham vs. ischemia study
were also investigated in DREADD animals. Cardiac ischemia reduces adipocyte size in
subcutaneous depot due to increased lipolysis during and after MI. The cell size distribution
in gWAT and iWAT is comparable with that of ischemic C57BI/6J mice, whereas no
difference was revealed between hM4Di+ mice and control mice (Fig. 30). This indicates
that acute inhibition of lipolysis was not able to reverse the effect in iWAT caused by
myocardial ischemia. Furthermore, the cell morphology was also similar to that of ischemic
C57Bl/6J mice. The adipocytes in gWAT showed typical white adipocyte morphology, some
of the adipocytes from inguinal depot showed multilocular phenotype which is the typical
character of browning due to cardiac ischemia induced increased B-adrenergic stimulation
(Wang et al. 2022). Acute inhibition of lipolysis partly reduced browning levels revealed by
western blot analysis of anti-UCP1 (p-value = 0,1754) and validated by qPCR analysis of
one of the browning markers Cox8b (p-value = 0,0721) (Fig. 31). The relationship between
lipolysis and browning is still unclear, however, some studies demonstrated that the

appearance of browning goes often along with an increased lipolysis. A previous study
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mentioned that burn injury induced browning of white adipose tissue as well as increased
lipolysis (Abdullahi et al. 2019). Another recent study reported that an activation of
dopamine receptor D1, which is also a catecholamine receptor, increased cAMP
accumulation, the activity of PKA, the phosphorylation of HSL and the expression levels of
ATGL, which all in turn induced an increased lipolysis and browning (Yu et al. 2022).
Furthermore, a reduced browning level was found in adipose tissue-specific ATGL knockout
murine model from a previous study (Kaur et al. 2021). From this, it is reasonable to suspect
that the increased lipolysis during and after MI also partly results in the browning of white

adipose tissue, and an inhibition of lipolysis after MI is able to reduce the browning levels.

Another morphological change induced by cardiac ischemia is the increased infiltration of
MAC-2" macrophages in subcutaneous depot after MI and 7 days of reperfusion. To
investigate if acute lipolysis is responsible for inflammation, the same experiment was
performed in DREADD mice after MI and 7 days of reperfusion. Both hM4Di+ mice and
control mice showed more MAC-2" macrophages, which were comparable with the number
of ischemic C57BI/6J mice, but no difference was detected between these two groups
(Fig.32). This suggests that the acute inhibition of lipolysis was not able to reverse the effect
caused by cardiac ischemia. Similar to the findings regarding macrophage infiltration, acute
inhibition of lipolysis also did not affect lipogenesis after MI and 24 hours of reperfusion,

which reduced in subcutaneous depot due to cardiac ischemia (Fig. 33).

The expression profile of several adipokines were reduced after myocardial ischemia in
iWAT, to investigate if acute inhibition of lipolysis could reverse or further alter the
adipokine expression, the adipokines were investigated at gene expression level. No
difference was revealed between hM4Di positive mice and control group after MI and 24
hours of reperfusion (Fig. 34). In view of reduced NEFA levels in hM4Di positive mice after
30 minutes of reperfusion [ wondered if adipokine gene expression could be directly affected
by NEFA levels. Indeed, the proinflammatory adipokine resistin was found to be less
expressed in iWAT, however, this reduction did not lead to reduced circulating levels. (Fig.
35 and 36). A previous study demonstrated that resistin induced lipolysis in mice in vivo, in
cultured mouse adipose tissue explants as well as in cultured human subcutaneous
adipocytes (Ort et al. 2005). In our hM4Di positive mice, lipolysis was inhibited after 30
minutes of reperfusion, thus a reduced resistin mRNA expression level in adipose tissue

could be expected. Furthermore, previous studies also showed that the circulating resistin
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levels were in many cases differently altered from the mRNA expression level of resistin in

adipose tissue (Rajala et al. 2004; Barnes und Miner 2009).

4.4 Acute inhibition of lipolysis using DREADD system

after MI improves cardiac systolic function

Myocardial infarction is a disease with systemic implications that can impact on many
organs including adipose tissue (Valori et al. 1967). The increased B-adrenergic stimulation
due to reduced cardiac output is one of the strongest stimuli of the peripheral lipolysis
(Lymperopoulos et al. 2013b). Thereby, adipose tissue has been discussed as a promising
therapeutic target to improve cardiac function after MI. In our study, we used an inducible
adipocyte specific inhibitory DREADD model to spatio-temporally inhibit lipolysis after MI.
Echocardiographic analysis revealed an improved cardiac function after 7 d of reperfusion,
which was depicted by increased EF, FAC and SV (Fig. 28). We could exclude that the
improved cardiac systolic function was due to a reduction in aortic pressure or scar size, we
suspected it was because of an intrinsic enhanced contractile function (Fig. 28 and 29), hence
we suspected a better contractile function of the remote myocardium in these animals. In
terms of circulating NEFA levels, the most profound adipocyte-related effect was found after
30 min of reperfusion (Fig. 27) and multiplex analysis revealed a significantly reduced
circulating insulin level at this time point in hM4Di expressing mice (Fig. 36). As well
known, the heart is the unique organ that continuously pumps without any fatigue and a large
amount of ATP needs to be generated to fuel the contractile apparatus and ionic pumps (Abel
2021). Therefore, myocardial metabolism is highly dependent on substrate availability, and
changes in circulating insulin can deeply influence the cardiac metabolism by influencing

the substrate uptake by cardiomyocytes (Abel 2021).

In the heart, insulin signaling is transduced to downstream pathways via PI3K and AKT.
The binding of insulin to insulin receptors (IRs) or insulin-like growth factor 1 receptors
(IGF1Rs) phosphorylates insulin receptor substrates 1/2 (IRS1/2) and then activates PI3K,
which phosphorylates AKT. A higher AKT activity promotes the translocation of GLUT4
and CD36, which respectively conduct the glucose and fatty acid uptake (Abel 2004, 2021),
AKT also directly and indirectly regulates several other downstream molecules such as
FoxO1, GSK3, TSC1/2 and mTORC1 and thereby modulates many cellular processes
(Skurk et al. 2005; Abel 2021). To investigate insulin signaling in the heart, the mRNA levels
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of transcription factor SREBP-1C (Srebp-1c), which is known to be indirectly regulated by
AKT through mTORCI1, and its downstream genes LPL (Lp/) and FASN (Fasn) were
analyzed, however the transcriptional level was unchanged (Fig. 39). Furthermore, gene
expression analysis revealed an unaltered mRNA level of fatty acid transporter CD36 but a
reduced mRNA level of glucose transporter GLUT4 in remote area of the heart (Fig. 39).
Activated insulin signaling is known to promote the translocation of GLUT4 from
intracellular compartment to the plasma membrane (Abel 2004), nevertheless, it is still
unclear if insulin signaling can impact on the expression level of GLUT4. Protein kinase A
(PKA), a central regulator of cardiac performance, was demonstrated to inhibit insulin-
induced GLUT4 expression and translocation by regulating GSK2 activity (Mangmool et al.
2016a).

Western blot analysis of phosphorylation of PKA downstream targets revealed upregulated
PKA-activity in both ischemic and remote zones of hM4Di expressing mice (Fig. 40 and 41).
In both skeletal muscle and adipocytes, insulin is known to decrease cAMP-dependent
activity by activating PDE3B (Brink et al. 1998; Yang and Yang 2016). The circulating
insulin level was significantly reduced in hM4Di expressing mice after 30 min of reperfusion.
In addition, also NEFA were suggested to suppress PKA activity in previous studies. Even
though PKA is well known to promote lipolysis in adipocytes by directly activate HSL and
indirectly activate ATGL, excessive exogenous fatty acids can suppress PKA activity by
suppressing adenylyl cyclase (AC) activity and cAMP production (Mottillo und Granneman
2011a). Interestingly, I could also show an increased PKA-activity in iWAT (Fig. 43), which
is in line with reduced NEFA level and its suppressive effect on PKA activity. Since PKA
plays an important role in modulating cardiac contractile function, we speculated that the
increased PKA activity is the underlying cause for improved cardiac function by inhibition

of lipolysis.

Phospholamban (PLN) is a downstream target of PKA, which is highly involved in
regulating cardiac contractile function. (Takahashi et al. 2006). SERCA is an ATPase that
pumps Ca?" from the cytosol to the sarcoplasmic reticulum, PLN suppresses SERCA activity
under basal state. Once it gets phosphorylated by PKA at serine 16, the inhibition of SERCA
activity is relieved and sarcoplasmic reticulum Ca®" load is increased called positive
lusitropic effect (Takahashi et al. 2006; Masterson et al. 2011). The increased SERCA
activity enables to pump Ca’’ from intracellular compartment into sarcoplasmic reticulum

and Ca*" is again released into intracellular compartment via ryanodine receptor during the
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next contraction cycle. Increased cytosolic Ca®" concentration promotes the myocardial
contractility called positive inotropic effect. Defective Ca®" uptake by SERCA and release
by ryanodine receptor are both demonstrated as a hallmark of heart failure (Hasenfuss et al.
1994; Wehrens et al. 2003). Gene expression analysis of PLN (PIln) showed a reduction in
Pln gene expression in remote zone of heart of hM4Di expressing mice after 30 min of
reperfusion, however, this reduction was not seen at protein expression level (Fig. 45). In
line with increased PKA activity, the phosphorylation of PLN was increased in remote zone
(Fig. 45), which confirmed the view that enhanced PKA activity found in hearts of hM4Di
expressing mice was associated directly with a better relaxation and indirectly with an

improved contractility.

PKA phosphorylates another downstream target troponin I at serine 23 and 24, which
prevents the binding of actin to myosin during cardiac muscle relaxation. The
phosphorylation of troponin by PKA causes its conformational change, which alters the
myofilament response to Ca**. Ca**- binding enables the formation of crossbridge by actin
and myosin and allows the contraction (Betts et al. 2013). In our study, even though a
statistical difference was not detectable, the phosphorylation of troponin I trended to be
upregulated in remote zone of heart of hM4Di expressing mice (Fig. 46). This validated
again the increased phosphorylation of PKA and suggested an improved contractile function

due to direct positive lusitropic effect and indirect positive inotropic effect.
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4.5 Conclusion

MlI-induced peripheral lipolysis modulates white adipose tissue in a depot-specific manner,
as the subcutaneous depot gets more affected than the visceral depot. The changes of
subcutaneous white adipose tissue include: The adipocytes size of subcutaneous depot
decreases during the reperfusion phase suggesting an increased lipolysis after MI. The effect
is detected as early as 24 h of reperfusion, stronger after 7 d and most pronounced after 28
d. This goes along with browning of white adipocytes. Increased MAC-2+ macrophage
infiltration after 7 d of reperfusion was also observed in the subcutaneous depot. Reduced
lipogenic gene expression profile as well as reduced adipokine gene expression were shown
in subcutaneous depot too. Taken together, the alterations found after M1 in the subcutaneous
depot reveal that lipolysis after MI is not only stimulated acutely but also chronically and

further impacts adipose tissue in terms of inflammation and endocrine function.

The acute inhibition of lipolysis using inducible adipocyte specific inhibitory DREADD
system was able to partly reverse the browning effect after MI in subcutaneous depot, but
could not reverse or change the other effects seen in white adipose tissue. The inhibitory
DREADDs, which should be adipocyte-specific and inducible expressed, express at a low
level prior to 4-hydrotamoxifen induction and in other organs due to a leakiness of the stop
codon. Nevertheless, the leakiness did not show any major functional effect in heart, adipose
tissue or pancreas. The inhibitory DREADD system enables an acute suppression of
lipolysis and thus an acutely reduced circulating NEFA level, which goes along with a
reduced circulating insulin level. The following mechanism is speculated: Reduced
circulating NEFA and insulin level promote the accumulation of cAMP in cardiomyocytes
and thereby increase PKA activity. Increased PKA activity suppresses the gene expression
of glucose transporter GLUT4, and promotes the phosphorylation of PLN. Increased PLN
phosphorylation enhances SERCA activity and stimulates the calcium flux between
sarcoplasmic reticulum and the cytoplasm, the increased calcium flux in cardiomyocytes

indirectly improves contractile function (Fig. 48).

The improved systolic function after 7 d of reperfusion is neither due to reduced aortic
pressure nor reduced fibrotic scar tissue. Despite the lipolysis in adipose tissue is only
acutely inhibited, the acute inhibition is enough to increase PKA activity and the
phosphorylation of its downstream targets like PLN after 30 min of reperfusion. Increased

PLN phosphorylation suggests an enhanced contractile function of cardiomyocytes, and this
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enhanced contractile function is suggested to be the main reason for improved cardiac

systolic function at later reperfusion phase.
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Fig. 47: Cardiac ischemia modulates predominantly subcutaneous white adipose tissue. Cardiac ischemia
induces a series of morphological changes in subcutaneous depot (inguinal WAT) including: smaller adipocyte
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Fig. 48: Acute inhibition of lipolysis after MI improves cardiac systolic function. Acute inhibition of
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PLN is considered to improve relaxation and thereby contractile function by enhancing SERCA activity that
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triphosphate. B-AR: B-adrenergic receptor. cAMP: cyclic adenosine monophosphate. CD36: Cluster of
differentiation 36. GLUT4: Glucose transporter type 4. mRNA: Messenger ribonucleic acid. NEFA: Non-
esterified fatty acids. PDE3B: Phosphodiesterase 3B. PKA: Protein kinase A. PLN: Phospholamban. SERCA:

Sarcoendoplasmic reticulum calcium ATPase. SR: Sarcoendoplasmic reticulum.
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