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The alterations of adipocyte-derived signal mediators strongly influence the regulation of inflammation, resulting in chronic
low-grade inflammation.

Keywords: obesity ; lung infection ; adipocytokines ; bacteria ; viruses ; obesity paradox

| 1. Introduction

Obesity is becoming a growing health problem worldwide. It is generally defined as a condition of increased adipose
tissue mass [ and can be further specified as an accumulation of body mass beyond physical requirements 2. The WHO
describes obesity and overweight as excessive fat accumulation leading to higher morbidity rates for various health
problems (. In 1842, Adolphe Quetelet conducted pioneering work in analyzing the differences in the weight status of
individuals [4. The Quetelet dindex is calculated by dividing weight by height squared and is known nowadays as the Body
Mass Index (BMI), which is still the most common way of classifying obesity 2. Using this scale, overweight is defined as
a BMI greater than or equal to 25 and obesity as a BMI greater than or equal to 30 &,

With more than 1.9 billion overweight adults in 2016 and a worldwide tripling of the number of obese persons since 1975
Bl obesity has spread around the world and now affects a considerable part of the human population. This high
prevalence represents a huge problem for our health care systems, because “Corpulence is not only a disease itself but
the harbinger of others”, as Hippocrates already knew more than two millennia ago €. Metabolic diseases (e.g., type 2
diabetes mellitus), bone and soft tissue pathologies (e.g., osteoarthritis), and cardiovascular diseases (e.g., hypertension)
belong to the main comorbidities of obesity. Moreover, obesity also leads to impaired lung function, increased occurrence
of asthma, and obstructive sleep apnoea syndrome (OSA) 4. Since obesity contributes to a wide variety of comorbidities,
an excess of adipose tissue mass is expected to lead to a variety of molecular changes in the body. Regarding respiratory
infections, an increased sensitivity has been observed, which might be connected to the above-mentioned increased
incidence of comorbidities but also by a chronic low-grade inflammatory status.

In the process of infection progression, obese patients have been reported to show benefits or disadvantages compared
to normal-weight subjects depending on the type of infection. On the one hand, the “obesity paradox” describes a benefit
for the obese, e.g., in sepsis [&. On the other hand, certain infections take a markedly more severe course in obese
patients compared to normal-weight patients, as the current coronavirus disease (COVID-19) pandemic clearly illustrates
QL9 Thys, the “obesity paradox” proposes that obese patients, although presenting numerous comorbidities, show a
survival benefit 11,

| 2. The Inflammatory Activity of Adipose Tissue

Adipose tissue is classified into two main types, white adipose tissue (WAT) and brown adipose tissue (BAT). WAT is the
more predominant form in the human body and plays a major role in energy storage. Thermogenesis is the main function
of BAT. It was thought to be rather present in small mammals and human neonates 2. Nedergaard et al. indeed revealed
its presence in adult tissue 131,

Adipocytes are in general the main cell type within adipose tissue. They can be further classified according to their
microscopical appearance 24!, A unilocular positioned lipid-vacuole characterizes white adipocytes, the predominant form
in the WAT. Brown appearing adipocytes are defined by multilocular lipid-vacuoles and an increased amount of
mitochondria, which is connected to their function in heat production in BAT. Both, WAT and BAT, are capable to
transdifferentiate between the subtypes in response to the physiological conditions 2!, The intermediate cell forms are
called beige adipocytes 8], White adipocytes are additionally able to transdifferentiate into epithelial, milk-producing cells
in the breast of pregnant women. These cells are named after their visual appearance, the pink adipocytes 12,



Besides adipocytes, also pre-adipocytes, endothelial cells, fibroblasts, leukocytes, and bone-marrow-derived
macrophages are part of adipose tissue 8. The number of macrophages positively correlates with body mass, adipocyte
size, and expression of pro-inflammatory cytokines 29I,

One of the main physiological functions of WAT is the regulation of fat reservoirs in the body via triacylglycerols (TG)
stored in adipocytes. The mobilization and storage of TG must be well balanced with and connected to the energy intake
and expenditure of the whole body. In this context, the lipolysis, i.e., the metabolization of TG, is also regulated by the
autonomic nervous system, in particular adrenergic and cholinergic neurons 29,

In addition to energy storage, adipose tissue has an important endocrine function secreting a number of crucial soluble
factors: Specific to adipose tissue are the so-called “adipocytokines” or “adipokines”, including, e.g., adiponectin, leptin,
resistin, and visfatin 18l; described in more details in the next chapter. Other important produced factors include the
cytokines tumor necrosis factor (TNF), interleukin-6 (IL-6), interleukin-1 (IL-1), CC-chemokine ligand 2 (CCL2),
plasminogen activator inhibitor type | (PAl-I), and a number of complement factors (2122l Most of these factors are known
as pro-inflammatory mediators that induce immune cell infiltration and play a major role in the development of infectious
diseases.

According to the location of the deposition, adipose tissue can be further classified in subcutaneous adipose tissue
(SCAT) and visceral adipose tissue (VAT). The excessive production of fat tissue during weight gain leads to a depletion
of storage capacities and can result in ectopic lipid accumulation in visceral body cavities, skeletal muscle, or liver tissue
(231241 Thjs phenomenon can for instance play a major role in the development of insulin resistance 23,

An increase in adipose tissue mass during weight gain can be on a cellular level either orchestrated by an increase in the
size of the adipocytes (hypertrophy) or their number (hyperplasia). Besides simple mass expansion, the tissue additionally
passes through a process of remodeling characterized by extracellular matrix (ECM) overproduction, increased immune
cell infiltration, and higher pro-inflammatory response [281,

Specifically, the crosstalk between adipocytes and macrophages plays an important role in the remodeling 1. The
elevated infiltration leads to the expression of macrophage-related inflammatory genes 281, In this context, Sun et al. (28]
proposed four different mechanisms as potential key initiator processes of macrophage migration to the adipose tissue:
adipocyte death, chemotactic regulation, hypoxia, and fatty acid flux. Thus, the excess of body weight via increased
adipose tissue mass results in a state of low-grade chronic inflammation (Figure 1).
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Figure 1. The remodeling process in adipose tissue during weight gain. White adipose tissue is primarily composed of
adipocytes, macrophages and blood vessels. To cope with an elevated amount of triacylglycerols (TG) during weight gain,
adipocytes increase in size (hyperplasia) and number (hypertrophy). This can further result in the apoptosis of adipocytes,
chemotactic regulations, hypoxia and free fatty acids. All four mechanisms are discussed to foster the heightened
migration of macrophages into the adipose tissue. Moreover, the secretions of different adipocytokines, produced in
adipocytes, macrophages or in both cell type, are influenced. In general, anti-inflammatory secretory products are
downregulated, whereas the secretion of pro-inflammatory adipocytokines is elevated. These developments provide a
low-grad pro-inflammatory environment, which arises from the increased and remodeled adipose tissue in obese subjects.



Saltiel et al. 2 suggested the occurrence of a “phenotypic switch” during polarization of macrophages from an anti-
inflammatory M2 type to the M1 form. In lean individuals, the polarized M2 type seems to encourage the normal function
of adipocytes by promoting repair of tissue and angiogenesis, i.e., the sprouting of new vessels to ensure an appropriate
oxygen supply. In obese individuals, the M1 type is fostering an inflammatory milieu in the adipose tissue by secreting
factors like TNF-a, inducible nitric oxide synthase (iNOS), C-C chemokine receptor type 2 (CCR2) or monocyte
chemotactic protein 1 (MCP1). Sun et al. 24 proposed that this switch in polarized macrophages defines the fate of
adipocyte function and the overall inflammatory profile of the tissue. They also discriminated between healthy and
pathological adipose tissue expansion. In the former, an increase in mass happens mainly via a growing number of small
adipocytes, recruitment of other stromal cells, maintenance of oxygen supply, and only minimal induction of ECM
production and inflammation. In contrast, pathological expansion is defined as a rapid increase in the size of existing
adipocytes with hypoxia due to decreased blood vessel formation, massive ECM deposition, and a higher number of
macrophages, especially the pro-inflammatory M1 type, leading to a state of chronic inflammation.

In summary, this chapter highlights the complex composition and inflammatory potential of adipose tissue in obese
patients. Hence, it is assumed that the calculation of a person’s BMI by using solely two parameters might lead to
misclassifications and excludes important parameters such as percentage body fat (PBF) or rather molecular biomarkers.
With regard to the investigations of predispositions for various diseases, it should be considered to include more
parameters. In this context, DeLorenzo et al. 3% summarized four obese phenotypes: (1) normal weight obese, (2)
metabolically obese normal weight; (3) metabolically healthy obese and (4) metabolically unhealthy obese. Here
additional factors concerning body fat composition and distribution (such as fat mass, glucose-levels or CRP-levels) are
taken into account. This would also specify the analysis of the impact of obesity on infectious diseases.

| 3. Adipocytokines Produced by Adipose Tissue

Since the discovery of leptin in 1994, adipose tissue is also known as an endocrine organ, besides its function contributing
to energy storage B, It can express and secrete a range of proteins, which are termed adipocytokines or adipokines,
because of their main but not exclusive production in this specialized type of tissue 18!, In the following section, the main
adipokines and their function in inflammatory processes are described. Additionally, we highlight their origin and detected
alterations during weight gain (Eigure 1).

3.1. Pro-Inflammatory Molecules of the Adipose Tissue

Leptin is the best-characterized adipokine, mainly produced by adipocytes. It was discovered in the 1960s with the help of
parabiotic experiments with two mouse strains, the ob/ob (obese) and db/db (diabetes) mutant. This procedure aims at
the surgical joining of two mice, leading to the coupling of their blood circulation and enabling the analysis of different
physiological or hormonal processes 2. Both of the investigated mutants result in an obese phenotype. By conjoining
individuals of those strains with each other or with lean mice, respectively, different weight changes were observed.
Remarkably, the db/db mouse overexpressed a factor but was not able to respond to it with weight loss. In fact, the ob/ob
mouse could not produce this factor but reacted to it by losing weight while connected with the db/db mutant or the
respective wildtype 23], 40 years later, this factor and product of the ob gene that seemed to orchestrate the bodyweight of
the two mutant strains was named leptin (Greek: leptos = thin) Bl The gene product of db was termed ObR, the
corresponding receptor 4],

An overview of the main downstream branches of leptin are schematically displayed in Figure 2. Leptin is a 16 kDa
polypeptide that shows structural similarities to the long-chain cytokines IL-6, IL-12, or G-CSF, all known to contribute to
inflammation 8. The leptin-receptor is a type | cytokine receptor type and exists as six alternatively spliced isoforms with
varying intracellular, cytoplasmic parts 8. One long (ObRb), four short (ObRa, ObRc, ObRd, and ObRf) and one soluble
form (ObRe) exist. Only the long isoform possesses the entire intracellular domain, with the conserved tyrosine residues
(Y985, Y1077, Y118) 7, Besides the expression in the hypothalamic region of the brain, where the main function of
appetite regulation is orchestrated via leptin signaling, other tissues also express leptin receptor isoforms, including the
heart, placenta, liver, muscle, kidney, pancreas, spleen thymus, prostate, testes, ovary, small intestine, and colon [28l,
Remarkably, Tsuchiya et al. B2 revealed that the human leptin receptor also occurs in lung tissue.
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Figure 2. Overview of the leptin signaling pathway. The long isoform of the leptin receptor (ObRb) possesses the whole
intracellular domain, with the conserved tyrosine residues (Y985, Y1077, Y118). The central function of leptin in the
hypothalamus is regulated via the activation of anorexigenic neurons and orexigenic Neuropeptide Y (NPY)/Agouti-related
Protein (AgRP) neurons. The most prominent downstream signaling component of the leptin receptor is the Janus kinase
(JAK)/signal transducer and activator of transcription (STAT) pathway. After binding of leptin, subsequent dimerization of
the receptor and the following activation of JAK2 occurs, followed by the recruitment of the Src homology 2 (SH2) domain
of STAT3 to the conserved phosphorylated tyrosine Y705 residue. Hereinafter, STAT3 itself is phosphorylated by the JAKs
at position Y705, dimerizes, and translocates into the nucleus. At this point, it serves as a regulator of the expression of
different STAT3 responsive genes. One prominent downstream gene is the suppressor of cytokine signaling 3 (SOCS3),
which itself acts as a potent negative regulator of the leptin signaling, by binding of Y985 domain and following inhibition
of JAK2. Protein tyrosine phosphatase 1 B (PTP1B), produced in the endoplasmic reticulum (ER), is further able to inhibit
leptin signaling by dephosphorylating JAK2. Besides STAT3, STAT5 is also known to be activated and phosphorylated in
vivo. Another downstream signaling branch of leptin is the Mitogen-activated protein kinase (MAPK) pathway. Here, the
SH2 domain of the phosphatase SH2- containing protein tyrosine phosphatase 2 (SHP2) binds to pY985, becomes
phosphorylated by JAKs, which finally activates MAPK extracellular signal-related kinase (ERK1/2) via recruitment of
growth factor receptor-bound protein 2 (Grb2). The phosphatidylinositol 3 kinase (PI3K) signaling pathway is activated by
leptin. IRS 2 (insulin receptor substrate 2) binds to ObRb through the SH2B1 domain, able to interact and upregulate
JAK2. Those IRS proteins are then capable of binding and activating PI3K yielding the subsequent accumulation of
phosphatidylinositol 3,4,5-triphosphate (PIP3) and activation of 3-phosphoinositide- dependent protein kinase (PDK1) and
Akt. The latter inhibits forkhead box O1 (Foxol), the mediator of the previously mentioned function of leptin in the
hypothalamus. Another component downstream of Akt is the Ser/Thr kinase mTOR (mammalian target of rapamycin),
another sensor of the availability of nutrients and stimulator of cell growth, protein biosynthesis, and proliferation. The
AMPK (adenosine monophosphate-activated protein kinase) pathway is stimulated by leptin as well, but the outcome
differs between the tissues. While activated in hepatocytes and muscle, AMPK is inhibited in the hypothalamus, resulting
in inhibition of food intake.

Leptin exerts its function in the hypothalamus via the activation of anorexigenic POMC (Proopiomelanocortin) neurons
and orexigenic NPY (Neuropeptide Y)/AgRP (Agouti-related Protein) neurons 9. The most prominent downstream
signaling component of the leptin receptor is the JAK (Janus kinase)/STAT (signal transducer and activator of
transcription) pathway 2. An important downstream gene is SOCS3 (Suppressor of cytokine signaling 3), which itself
acts as a potent negative regulator of the leptin signaling, by inhibiting JAK2 42, Another signaling branch activated via
leptin is the MAPK (Mitogen-activated protein kinase) pathway. Here, the SH2 domain of the phosphatase SH2-
containing protein tyrosine phosphatase 2 (SHP2) binds to pY985, becomes phosphorylated by JAKs, which finally
activates MAPK extracellular signal-related kinase (ERK1/2) via recruitment of growth factor receptor-bound protein 2
(Grb2) 3l | eptin also activates Akt by triggering the phosphatidylinositol 3 kinase (PI3K) signaling pathway. Akt inhibits
forkhead box O1 (Foxol), the mediator of the previously mentioned function of leptin in the hypothalamus [24],
Furthermore, downstream of Akt is the Ser/Thr kinase mTOR (mammalian target of rapamycin), a mammalian sensor for
the availability of nutrients and stimulator of cell growth, protein biosynthesis, and proliferation 42l Leptin stimulates the
AMPK (adenosine monophosphate-activated protein kinase) pathway, but the outcome differs between the tissues. While
activated in hepatocytes and muscle 48], AMPK is inhibited in the hypothalamus, resulting in inhibition of food intake 4.



The observations gained from the parabiosis experiments reflect one main function of leptin: the regulation of food intake
and energy expenditure via the leptin-hypothalamus axis. In the hypothalamus, leptin activates anorexigenic neurons,
thereby decreasing food intake; at the same time, it leads to the inactivation of orexigenic neurons that stimulate appetite
and intake 9. Counterintuitive to this role in food intake regulation, the level of leptin in the systemic circulation of obese
persons is elevated and positively correlated with adipose mass. This hyperleptinemia is a consequence of developing
leptin resistance 48], Several potential explanations for this effect are discussed. On the one hand, the action of a negative
feedback loop orchestrated by SOCS3, activated by leptin could serve as a potential link to the leptin resistance. The
protein tyrosine phosphatase 1 B (PTP1B) is capable to inhibit the leptin receptor activity by dephosphoryltion of JAK2 4],
On the other hand, disturbances in the hypothalamic neuronal wiring, impairments in the transport of leptin to the brain,
the ODbR trafficking, ER stress, or inflammation itself are discussed as potential key events for the development of leptin
resistance (28],

Besides its regulatory function in the hypothalamus, leptin itself is defined as a pro-inflammatory adipokine and plays a
major role in innate and adaptive immunity 5. In monocytes, it induces increased production of TNF, IL-6, and ROS as
well as cell proliferation B, thereby stabilizing their activation, phagocytotic activity, and cytokine production 221, In turn,
leptin expression is also elevated by pro-inflammatory cytokines such as TNF and IL-1, indicating a bidirectional
interaction between leptin and inflammation 52, In addition to its interaction with cytokine pathways, leptin stimulates the
production of CC-chemokine ligands (CCL3, CCL4, and CCL5) in macrophages 5. Leptin can also trigger the
chemotaxis and ROS production of neutrophils as well as the differentiation, proliferation, activation, and cytotoxicity of
natural killer (NK)-cells 531, Moreover, it inhibits apoptosis and improves the activation and proliferation of T lymphocytes
(4 |t also promotes the Th1 phenotype of lymphocytes and the production of IL-2 and IFNy, while inhibiting the Th2 type
and the expression of IL-4 53],

Another important adipokine is Resistin, belonging to the cysteine-rich family of resistin-like molecules (RELMS) and
named according to its connection to the resistance to insulin 28, The ability to induce insulin resistance is associated
with activation of SOCS3, an inhibitor of insulin signaling in adipocytes. However, this has so far only been observed in
mice, not in humans B4, Resistin levels are upregulated in the adipose tissue as well as in the serum of obese individuals
(B8], The localization of resistin production seems to differ between mice and men: Whereas the synthesis in humans takes
mainly place in macrophages and monocytes 4, it is in mice predominantly produced in adipocytes 89, Furthermore, the
human type only shares a 64% homology with the murine 1. Nevertheless, it has a known pro-inflammatory effect in
humans, since resistin stimulates the expression of TNF and IL-6 in mononuclear cells 62 as well as the expression of
pro-inflammatory adhesion molecules vascular cell adhesion protein 1 (VCAM-1), intercellular adhesion molecule 1
(ICAM-1), and pentraxin in endothelial cells. Pentraxin directly counteracts adiponectin, an anti-inflammatory adipokine,
and fosters the adhesion of leukocytes (€3],

Visfatin, also known as nicotinamide phosphoribosyltransferase (NAMPT), represents another type of adipokine, mainly
secreted by the visceral type of adipose tissue 4. In humans, an elevated level of visfatin has been detected in obese
and type 2 diabetes patients €21, Moreover, a positive correlation between IL-6 and the c-reactive protein (CRP) has been
observed, linking visfatin to inflammation 84, In 1987, the first adipokine, adipsin, was described, also known as
complement factor D, a part of the alternative activation pathway of the complement system €8, |t is dysregulated in
obesity and diabetes models 7. In obese mice, circulating adipsin levels are decreased 68, whereas in humans a mild
elevation could be observed B9, In 2014, studying mouse models as well as diabetes patients, Lo et al. Z9 could
demonstrate that adipsin serves a connection between adipocyte function and 3 cell physiology in the pancreas.

In this context, a number of studies have demonstrated that interferons (IFNs) are also released from adipose tissue 74,
Controversially, Surendar et al. showing that adiponectin reduces the IFNY level but the hypoleptinemia could be shown
as responsible for the decrease of the IFNy response 7. IFNy influences the function of adipocytes and promotes the
inflammation of the adipose tissue 73, Studies are showing a shift to the Thil-cytokine profile triggered by IFNy 74,
Particularly important is in the context of viral pneumonia that the IFN response is the most efficient innate immune
response against viral infections (28! The inhibition of the viral replication mediates the antiviral effect, and primarily type |
IFN (IFNo/B) plays a crucial role.

Adipocytes and stromovascular cells of the adipose tissue are addtionially able to produce the well-studied pro-
inflammatory cytokine TNF 29 | evels are clearly increased in the systemic circulation and adipose tissue in obese
individuals as well as in models of type 2 diabetes Z8. TNF has also been proposed to play an important role in the
development of insulin resistance since it debilitates the important tyrosine phosphorylation of the insulin receptor and its
substrate IRS1 in muscle and adipose tissue 4,



Nearly one-third of circulating IL-6 is produced in visceral adipose tissue, where it is secreted mainly by macrophages and
adipocytes 78, The plasma levels again positively correlate with obesity in humans 2. |L-6 also represents a link to
insulin resistance, as it has been shown to suppress metabolic processes stimulated by insulin in hepatocytes, possibly
induced by SOCS3 expression B4, Elevated levels of IL-6 are likely connected to an increase in acute phase response
proteins, such as CRP 12l |n addition to the above-mentioned cytokines, IL-18 is produced in adipose tissues and shows
increased levels in obese individuals Y. In rodent models, this overexpression leads to a higher amount of cell adhesion
molecules, the infiltration of macrophages, and vascular abnormalities [82],

Adipocytes and macrophages are further able to synthesize the retinol-binding protein 4 (RBP4); its levels are elevated
under obese conditions and associated with features of the metabolic syndrome in humans [E3I8483 | jnocalin 2 and
angiopoietin-like protein 2 (ANGTPL2) are expressed in adipose tissue and positively correlated with adiposity,
hyperglycemia, insulin resistance, and CRP levels in humans B8IEZ. Additionally, the chemokines CCL2, also known as
monocyte chemoattractant protein-1 (MCP-1) 8l and C-X-C-motif chemokine 5 (CXCL5) 2 are secreted by the adipose
tissue. Ob/ob mutant or diet-induced mice (DIO) mice, as well as obese humans, express high levels of MCP-1. In mice, it
has already been shown to activate macrophage recruitment and to promote inflammation, glucose intolerance, and
insulin insensitivity 29, Obese and insulin-resistant human individuals also show an increase in CXCLS5 levels, a factor
that is produced by macrophages within adipose tissue 89,

3.2. Anti-Inflammatory Molecules of the Adipose Tissue

The adipokine with the highest serum levels is adiponectin, which is almost exclusively synthesized by adipocytes 81,
After its discovery in 1995, Hu et al. 21 detected for the first time that obese mice and humans show a downregulated
expression of adiponectin in adipose tissue. Conversely to this investigation, especially adipocytes in visceral adipose
tissue are the main source of this adipocytokine 22, It shows structural similarities to the complement factor C1q and is
also able to form similar complex structures, such as multimers 23l Adiponectin has a molecular weight of 30 kDa and
accounts for approximately 0.01-0.05% of the plasma protein amount 241, In the circulation, it is present in different forms,
as low-, medium- and high-molecular weight (LMW, MMW, HMW) complexes 22, Most notably, the HMW type is seen to
be the most biologically active isoform 28], Adiponectin exerts its main functions via the adiponectin receptors 1 and 2
(ADIPOR1 and ADIPOR2), which are expressed in various tissues 4. The central functions of adiponectin are
orchestrated via AMPK signaling [28],

Besides the detected downregulation of adiponectin in subjects with an increased body mass, especially the inverse
correlation to glucose intolerance and type 2 diabetes is of importance 22, In this context, adiponectin appears to promote
beta-cell function and survival 19, Furthermore, it increases insulin sensitivity in hepatocytes 194, Apart from diabetes,
low adiponectin levels are also associated with an increased risk for hepatic fibrosis 192 and cancer 193, |t was also
observed, that an elevated level of adiponectin is associated with a decreased susceptibility for myocardial infarction in

men (1941 Concerning pulmonary impairments, it is positively associated with lung function in healthy adults (193],

With regard to the inflammatory actions, there are different molecular actions known that suggest adiponectin as a
potential antagonist of leptin. Clear anti-inflammatory properties through inhibition of IL-6 production, induction of anti-
inflammatory cytokines, such as IL-10 or IL-1 receptor antagonist 1% and reduction in ICAM-1 and VCAM-1 207 were
shown. Secondly, adiponectin levels are decreased in obese and type 2 diabetic subjects and are negatively correlated
with visceral mass 198 Furthermore, the expression seems to be downregulated by pro-inflammatory cytokines TNFa
and IL-6 23] hypoxia, and oxidative stress 199 |t also negatively correlates with the level of CRP in obese or diabetic
conditions 23, Adiponectin can also affect macrophages by stimulating the production of anti-inflammatory cytokines 119,
Along the same line, adiponectin-deficient mice display an increased expression of pro-inflammatory M1 type markers and

decreased anti-inflammatory M2 type markers [111],

In 2010, another anti-inflammatory adipokine, secreted frizzled-related protein 5 (SFRP5), was discovered 12l The level
of SFRP5 is downregulated in adipose tissue from obese rodents as well as from obese humans with insulin resistance
B9 A deficiency of this adipokine leads to an accumulation of macrophages resulting in increased pro-inflammatory
cytokine production B9, A clinical study furthermore demonstrated an association between lower SFRP5 levels in adults
with impaired glucose intolerance and type 2 diabetes, as well as a negative correlation to increased BMI 113],

The overall dysregulation of secreted adipocytokines creates a low-grade chronically inflamed environment during weight
gain conditions. This chronic inflammatory state is closely linked to the predisposition to various comorbidities of obesity:
lower levels of adiponectin, for example, are known to lead to an elevated risk to develop cardiovascular diseases, such
as hypertension 24 or myocardial infarction 194, This dysregulation is further connected to the development of insulin
resistance 1131 and potentially impacts the comorbidities of cancer and asthma 8. Moreover, a connection between this



chronic state of low-grade inflammation and the susceptibility to viral or bacterial pulmonary infections seems likely. In

Chapter 5, we summarize, connect, and compare different publications on pulmonary infections, the most frequent

infection focus, and discuss obesity as a risk factor for severe infections. Different experimental setups to mimic obesity in

vivo and in vitro are summarized in Chapter 4 beforehand.
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