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Summary
The proper function of immune system requires availability of nutrients to promote
a productive and robust response against infection. Adipose tissue is the main energyproducing factory that supplies the necessary nutrients to the diverse cellular responses.
Thus all these diverse cellular responses require ways to communicate with adipose tissue to
sufficiently regulate their activity and homeostasis. Immune system and adipose tissue
possess the ability to communicate through soluble factors known as cytokines and
adipokines.
Leptin is a very important adipokine highly and mainly expressed from the adipose
tissue that controls the food intake and represent a marker of the energy availability in the
organisms. Namely, leptin could serve as a sufficient mediator of the crosstalk between
these systems, specifically modulating the dynamics of immune system in concordance with
nutrients availability. On the other hand high circulating levels of this adipokine reminiscent
to obesity might promote a chronic pro-inflammatory phenotype. In this study we attempt
to elucidate some aspect of the inflammatory phenotype this hormone can confer in either
unstimulated or LPS stimulated cells.
Furthermore, we investigate the role of mir155, an already established proinflammatory marker in response to leptin. We aim to discover the effect of leptin in the
expression levels of this molecule and validate whether mir155 could mediate the signaling
of leptin in unstimulated or LPS-stimulated macrophages.
We propose that leptin represent an adipokine that is able to induce a proinflammatory phenotype. We also that mir155 expression upon leptin treatment is also
enhanced. On the other hand we do not demonstrate a clear association of mir155 in leptin
signaling pathway in macrophages.
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A.Introduction
1. Leptin, adipose tissue and the immune system

During the past 30 years the incidence of obesity has dramatically increased
worldwide leading to a high number of obese individuals. The rise in the worldwide obesity
has resulted in an explosion of obesity-related health problems including insulin resistance,
type 2 diabetes, coronary artery disease, fatty liver disease and some cancers and
degenerative diseases [1]. The explosion of these diseases was followed by a subsequent
explosion in studies attempting to uncover the molecular links between obesity and chronic
metabolic diseases. In this context, chronic low grade inflammation which is primarily
mediated by innate and adaptive immune cells has emerged as an important pathogenic link
between obesity and metabolic diseases highlighting also the dynamic crosstalk of adipose
tissue with immune system [2].
The crosstalk of these systems is not randomly associated in organisms. Notably,
adipose tissue and primary and secondary lymphoid organs exist in anatomical proximity
which has been originally explained in terms of support and protection. It also enables the
interplay between adipocytes and immune cells at lymphoid cells and systemically through
soluble factors. The communication between adipocytes and immune cells facilitates also
the optimal adjustment of the magnitude and the extent of the ongoing immune responses
in relation to availability of nutrients [3]. Adipocytes inform the body through the brain on
whether there is sufficient amount of energy to promote diverse responses such as immune
responses. In addition it is already well established that both excess and lack of nutrients
could lead to improper operation of the immune cells [4]. Finally adipose tissue is
characterized by a variety of migrated immune cell types [5]. In fact accumulation of adipose
tissue leads to higher infiltration of both innate and adaptive immune cells [6].
The communication between adipose tissue and immune cells is mediated through a
high number of common secreted mediators like chemokines and cytokines. In different
degree these soluble mediators are potentially expressed and signal in both cell types [7, [8]
Leptin is a chemokine produced mainly in adipose tissue and fluctuates depending on the
nutritional status of the organism and possess a dual role in both controlling metabolism and
in modulating immune responses [9] (figure 1).
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Figure 1. Leptin is an adipose tissue-derived adipokine that controls the appetite and influences food intake
through a direct effect on the hypothalamus. Leptin is also involved in the control of endocrine system and
reproduction.

2. General information about leptin

Immune systems can secrete a wide range of cytokines that affect the activity of
adipocytes. This signaling in adipose tissue leads to the production of soluble mediators
called adipokines, important molecules both for the energy homeostasis and cellular
metabolism but also for the immune response [10], (figure 1). Leptin is an adipokine that
was originally described as a hormone that controls the appetite and regulates food intake
and body weight [11]. Leptin mediates this action through a direct effect in hypothalamus
[12]. Leptin is also implicated in other important cellular response like neurondocrine
function [13], angiogenesis [14], [15], bone formation [16] and reproduction [17], [18]. Apart
for the adipocytes leptin is detected in lower levels in the hypothalamic pituitary [19]
stomach and intestine [20], skeletal muscle [21], mammary epithelium [22], chondrocytes
[23], placenta [24], cartilage and bone cells [25] and immune cells [26], [27].
Circulating leptin is found both as a biologically active free form and presumably as
an active form that is bound to plasma proteins or to the soluble leptin receptor (Ob-R) or its
isoform [28]. The levels of circulating leptin levels are directly associated with the amount of
energy stored in adipose tissue and are proportional to the body adipose mass both in mice
and humans [29]. Leptin in normal-weighted individuals produce an inhibitory activity on
food intake and on the control of satiety. In addition the obese individuals typically produce
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higher levels of leptin than the leaner individuals and are resistant to this inhibitory activity
[30]. Increased circulating leptin and resistance in the inhibitory action of leptin are markers
of a cellular state typically referred as “leptin resistance” which is common in obesity, insulin
resistance and cardiovascular disease in humans. The mechanisms of leptin resistance
include genetic mutation, leptin self-regulation, limited tissue access, and cellular or
circulating molecular regulation [31].
3. Obese gene and its receptor

Leptin is a 16 kDa non-glucosylated polypeptide consisted of 147 amino acids. Leptin
is expressed from the obese (ob) gene which is located on human chromosome 7 and on
mouse chromosome 6 [11]]. Structurally, leptin contains four anti-parallel a-helices that
show high similarity to members of the long chain helical cytokines such as IL-6, IL-11, IL-12,
granulocyte stimulating factor (G-CSF), leukemia inhibitory factor (LIF), ciliary neutrophic
factor (CNTF) and oncostatin M (OSM) [4]. The highly similar cytokine-like structure of leptin
is another feature that highlights the associated of this hormone with the immune system.
Similar structural characteristics with cytokines receptors, shares also the leptin
receptor (OB-R). The OB-R belongs to the class I cytokine receptor superfamily including IL-2,
IL-6, G-CSF, LIF, CNTF, OSM and gp130 [32], [33]. OB-R shares highest structural similarity
and signaling capability with those of the IL-6 type of cytokine receptors. By alternative
splicing OB-R produces six receptor variants (OB-R a-f) in mouse and three in humans (a-c)
with identical extracellular binding domain but with different cytoplasmic domains with
distinct lengths [34]. OB-Re is a soluble form whereas OB-Ra, OB-Rc, OB-Rd and OB-Rf are
the short forms. OB-Rb is the only form consisted of a long cytoplasmic domain. The
different lengths in the cytoplasmic domains reflect the diversity in the biological activities
of each receptor [35]
Only the three of these receptors have been associated with roles in leptin
pathways. OB-Ra is regarded as a leptin transporter across the blood-brain barrier and a
leptin degrader [36]. The secreted form (OB-Re) lacks both the intracellular domain and
transmembrane domains and serves as a plasmatic leptin binding domain [37]. Only the OBRb is capable for signal transduction through leptin binding. OB-Rb long cytoplasmic domain
contains several motifs required for signal transduction whereas all the others isoforms lack
all or some of these transmembrane domains. OB-Rb is highly expressed in the
hypothalamus, but it can also be found in several other tissues and immune cell types
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including sub-populations of T and B cells DC, monocytes, neutrophils, macrophages and NK
cells [38], [39]. The existence of OB-Rb receptor in multiple tissues marks the pleiotropic
function of leptin in diverse cellular responses.
4. Leptin deficient signal transduction

Adipose tissue is the main tissue governing the production of leptin. Leptin
production depends on the adipocytes size which reflects the energy store. Thus aberrant
signal transduction in leptin pathways is associated with a series of metabolic abnormalities.
Mice deficient for the ob gene have early obesity due to the hyperphagia and subsequent
hyperinsulinemia, hyperglycemia and diabetes, along with low body temperature
hypercortisonemia, hypothalamic hypogonadism, and reduced immune function [40], [41].
In humans, mutations in OB gene are rather rare and phenotypically similar those found in
mouse [42], [43], and [44].
Mutations in the db gene which encodes OB-R result in morbid obesity and similar
abnormal phenotypes with those of ob/ob deficient mice, due to the defective intracellular
signaling transduction [45]. Mutations in the human leptin receptor are similar to the murine
leptin-deficient phenotypes and are more frequent that these of the ob gene [46]. A
previous study has shown that the prevalence of pathogenic congenital leptin-receptor
deficiency mutations subjects with severe, early-onset obesity was about 3% [47].
Incidentally, in those individuals the serum levels of leptin were not particularly elevated,
indicating that serum leptin alone may not be used as a marker for leptin-receptor
deficiency
5. Intracellular signaling transduction pathways

The long form of the OB-Rb is the only one that that is capable of intracellular
cellular transduction. OB-Rb is responsible for the anorexigenic effects of leptin and is
abundant in the hypothalamic centers regulating food intake and body weight. OB-Rb is
consisted of four extracellular domains. Cytokine receptor homology module (CRH 2) is the
main binding site of leptin whereas immunoglobulin-like domain (Ig-like) and fibronectin III
domain (FNIII) possess important roles in the activation of the receptor. The role of CRH 1 is
still not clear enough. Three well-characterized downstream pathways mediate the effect of
leptin intracellularly; JAK/STAT, MAPK/ERK and PI3K/Akt [48] (figure 2).
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OB-Rb has not a congenital tyrosine kinase domain so it lacks the ability of autophosphorylation. The phosphorylation in its distinct tyrosine domains is mediated by JAK2
binding at the box 1 motif. Binding of leptin in the CRH 2 domain leads to the binding of JAK2
in the intracellular domain and auto-phosphorylation of the protein [49]. Activated JAK2 will
phosphorylate the tyrosine residues of the receptor. Based on the phosphorylated tyrosine
residue (Tyr974, Tyr 985, Tyr 1077 and Tyr 1138) these activated tyrosines will bind to the
distinct STAT proteins which are then activated and translocated in the nucleus to stimulate
gene transcription. STAT3 is the most extensively studied among the STAT proteins. STAT3 is
reported to mediate the effect of leptin in activating macrophages and in promoting the
survival and activation of lymphocytes and peripheral mononuclear cells linking leptin
signaling and immunity [50].
Another link of leptin and immune system is the activation of the suppressors of
cytokine signaling (SOCS) proteins through the binding of leptin and STATs activation [51]. It
was already shown that STAT3 induce the expression of SOCS3 which binds in the
phosporylated tyrosine residues of the OB-Rb to inhibit leptin signaling producing a negative
feedback loop [52]. Signaling through STAT3/SOCS is implicated in the emergence of leptin
resistance during type 2 diabetes and obesity. Since diabetes patients are susceptible to
infection leptin resistance might represents a contributing factor for the high vulnerability to
infection. In addition to SOCS3, protein tyrosine phosphatase 1B (PTP1B) also participates in
the inhibitory regulation of leptin-mediated signaling and acts by dephosphorylating JAK2
[53]. Other protein of SOCS family are regulated from leptin and STAT proteins and further
understanding of these proteins will further enable us to uncover the link between leptin
signaling and immunity
Leptin activates the MAPK cascade which has been reported to modulate immune
system with diverse ways. Recruitment of SHP2 in OB-Rb leads to GRB2 binding and further
activation of signaling steps including RAS, RAF and MEK1 leading to the activation of
ERK1/2, p38 MAPK and p42/44 [54], [55]. The MAPK pathways are essential in regulating a
wide range of immune functions. ERK1/2 and p38 MAPK synergically mediate cytokine
production in DC and participate in the chemokine production in macrophages [56] whereas
ERK1/2 and p42/p44 was shown to stimulate pro-inflammatory cytokines release through
the action of NF-kB [57]. Leptin also stimulates TNFa production via p38 and JNK MAPK in
Kupffer cells. Further studies are required to elucidate how leptin regulates immune
functions via these MAPK-associated pathways.
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The final pathway of the leptin signaling cascade is the PI3K/Akt pathway. The
PI3K/Akt pathway represents a key signaling cascade which mediates effects of a wide range
of ligands in a variety of different cell types including immune cells and adipocytes. The
typical target of PI3K, Akt, is an integral part of a key signaling pathway that is necessary for
multiple cellular processes including inflammatory responses [58]. Akt is also the mediator of
signals from pro-inflammatory cytokines and toll-like receptor ligands in a variety of immune
cells.
The PI3K/Akt pathway is the upstream regulator for a number of effectors including
the transcription factor NF-κB. Akt inhibits its downstream target pro-apoptotic forkhead
transcription factor FOXO1 or FKHR-L1, which functions to induce the expression of Bim, a
pro-apoptotic member of the Bcl-2 family proteins. FOXO1 was also shown to directly
mediate the effects of leptin in the hypothalamus [59]. Leptin binding to OB-Rb also
activates some components of the insulin signaling cascade including IRS1/2 through
phosphorylated JAK2 [60]. The IRS proteins bind to the regulatory unit p85 of PI3K to
activate the catalytic domain. The activated PI3K increases the levels of PI (3, 4, 5)P3, which
stimulates phosphoinoside-dependent kinase 1 (PDK1) for the phosphorylation and
activation of Akt. Consistent with the activating effects of leptin on Akt, an enhanced
activation of PTEN, a negative regulator of Akt activity, has been detected in the db/db
mouse BM-derived DC [61]. Leptin can also stimulate human peripheral blood mononuclear
cells and induce lipase activity in macrophages in response to hormone treatment through
the PI3K/Akt pathway [62]. Together, these findings support the notion that Akt is an
important mediator of leptin signaling in the immune activity.
NF-κB plays a key role in mediating different signaling systems such as JAK-STAT,
PI3K/Akt and MAPK pathways to regulate the immune response. Leptin activates NF-κB in
DC whereas leptin signaling deficiency leads to enhanced levels of IκB-α, the inhibitor
protein of NF-κB [62], [63]. Leptin was also to stimulate the release of pro-inflammatory
cytokines and prostaglandins from human placenta and maternal adipose tissue via NF-κB
[57] and upregulates proinflammatory chemokine monocyte chemoattractant protein 1
(MCP1) in hepatic stellate cells, which is associated with enhanced severity of inflammation
in mice after acute liver injury [64] NF-κB is known to regulate the expression of a variety of
genes including the pro-survival factors such as Bcl-2 and Bcl-XL and a number of proinflammatory cytokines, which underlies a potential leptin signaling-mediated survival and
activation of immune cells.
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Figure 2. Upon leptin binding to the long isoform of the leptin receptor (OB-Rb), JAK2 at the box 1 motif is
activated, which then auto-phosphorylates its own tyrosine residues and phosphorylates the tyrosine residues
(Tyr 974, Tyr 985, Tyr1077 and Tyr 1138). STAT3 proteins form dimers and translocate to the nucleus to induce
various gene expressions such as c-fos, c-jun, egr-1, activator protein-1 (AP-1) and suppressors of cytokine
signaling 3 (SOCS3). SOCS3 negatively regulates signal transduction by leptin by binding to the phosphorylated
tyrosines (Tyr 985, Tyr 1077 and Tyr 1138) on the receptor to inhibit binding of STAT proteins and SH2 domaincontaining phosphatase 2 (SHP2). SHP2 activates the mitogen-activated protein kinase (MAPK) pathways
including extracellular signal-regulated kinase (ERK1/2), p38 MAPK and p42/44 MAPK pathways through
interaction with the adaptor protein growth factor receptor-bound protein 2 (GRB2) to induce cytokine and
chemokine expression in immune cells. The auto-phosphorylated JAK2 at the box 1 motif can phosphorylate
insulin receptor substrate1/2 (IRS1/2) that leads to activation of phosphatidylinositol 3-kinase (PI3K)/Akt
pathway. Sam68 can also be activated by JAK2 directly to phosphorylate IRS1/2 for Akt activation. Akt can
regulate a wide range of targets including FOXO1 and NF-κB. Activation of NF-κB by leptin binding has been
shown to induce Bcl-2 and Bcl-XL expressions. Leptin binding to OB-Rb can also activate phospholipase C (PLC) for
stimulation of c-jun N-terminal protein kinase (JNK) via protein kinase C (PKC).
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6. Mir155 in innate immunity

The innate immune system is activated via recognition of pathogen-associated
molecular patterns by toll-like receptors (TLRs) [65], which will recruit adaptor proteins to
the receptor leading to activation of downstream pathways such as the nuclear factor-lightchain-enhancer of activated B cells (NF-κB) pathway [66]. This signal transduction will
ultimately lead to a specific immune gene expression. The mammalian inflammatory
response to infection involves the induction of several hundred genes, a process that must
be carefully regulated to achieve pathogen clearance and prevent perpetual expression of
inflammatory genes that could lead either to degeneration of the normal tissue or even
cancer. Through the inflammatory expression profiles studies, miRNAs emerged as
molecules with potential role in the modulation of the inflammatory response, dynamically
affecting the expression patterns of important inflammatory genes. While miRNAs are
already well studied in processes like cellular proliferation, development, differentiation,
cancer and apoptosis further understanding of the implicative role of these small molecules
will elucidate their function in the immune system [67].
The knowledge of miRNAs biogenesis and regulation has been greatly expanded in
recent years. MiRNAs are encoded by genomic DNA and are most commonly transcribed by
RNA polymerase II. The resulted immature transcript (pri-miRNA) will be processed by a
multiprotein complex, the microprocessor complex, with is consisted by two core
components, DROSHA and Di George Syndrome critical region 8 (DGCR8) [68]. This, results in
the formation of a hairpin-shaped RNA molecule of 70-100 bp called miRNA precursor or
pre-miRNA, which is then exported into the cytoplasm in a process involving the
nucleocytoplasmic shuttle Exportin-5 in a Ran-GTP-dependent manner. In cytoplasm, the
pre-miRNA hairpin is cleaved by the endonuclease DICER into an imperfect miRNA:miRNA
duplex of 21-23 nucleotides in length [69]. After separation of the two strands of the duplex,
one of the strands (the mature miRNA) is transferred into an Argonaute (Ago) protein
located in the RNA-induced silencing complex (RISC or miRISC), which is involved in the
repression of gene expression by leading miRNAs to specific target mRNAs, whereas the
other strand (the star-strand) is degraded. It has been shown that strand selection and RISC
assembly in mammals are accomplished by a complex that contains Dicer, Ago and the
double-stranded RNA binding protein TRBP. MiRNAs target mRNAs by interacting with sites
of imperfect complementarity [69].
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The first described mRNA and the most extensively studied miRNA in the
inflammatory responses is mir155 (figure 3). Mir155 was initially identified to associate with
innate immune system in studies which they examined the effect of lipopolysaccharide (LPS)
in human macrophages miRNAs expression profiles. LPS which is a TLR4 ligand could induce
the expression of mir155, mir146a and mir132 linking the expression of these molecules
with immune responses [70]. Various other stimuli and TLR ligands were further analyzed
and showed that they could induce mir155 during the inflammatory response [71]. Once
induced, mir155 involves in the activation of important cytokines like TNFa and IL-6 [72].
Mir155 participates in the immune response through direct regulation of a number of
factors associated with the immune system. Among these targets, suppressor of cytokine
signaling SOCS-1 is off great importance. SOCS-1 which is an established inhibitor of the
inflammatory response highlights the role of mir155 with innate immunity [73]. In fact
mir155 was recently considered as M1 (pro-inflammatory state)-like marker in macrophages
[74].
Several other studies correlate mir155 with immune system. It was shown that
mir155 can negatively regulate SHIP1 a negative regulator of PI3K/AKT pathway. SHIP
similarly with SOCS1 is a negative regulator of the TLR4 signaling, thus the upregulation of
PI3K/AKT may a result of SHIP repression by mir155 [75]. Overexpression studies have
determined that mir155 leads to myoproliferative phenotype in mouse bone marrow [76].
LPS, TNFa, INFβ, INFγ are among the stimuli that confer proinflammatory phenotype and
shown to induce mir155 in immune cell types. In contrast knockdown of mir155 in myeloid
cells significantly increased the expression of pro-inflammatory cytokine IL-1 and the proinflammatory signaling protein TAK-1 binding protein 2 (TAB2) a study that contradicts the
characterized pro-inflammatory role of the mir155 [77].

Figure 3. A wide range of potential mir155 targets have been proposed to involve in the regulation of
inflammatory responses in various immune-cell types.

Τhe role of mir155 in both innate and adaptive studies was demonstrated more
convincing through a number of mir155-/- studies. Mir155 deficient mice present defective
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secondary B lymphocytes activation which refers to the generation of Ig variants with
increased affinity for their cognate antigens which is achieved through somatic
hypermutation (SHM) of the Ig gene or with class switch recombination (CSR), through
changes of the Ig isotype [73]. Mice deficient in miR-155 show clear defects in both of these
processes. These phenotypes are linked mainly with the increased expression of mir155direct targets PU.1 and AID. In the same context mir155 deficient mice are associated with
diminished differentiation of T lymphocytes and dendritic cells. Defective T and B caused by
mir155 absence leads to late lung and intestinal lesions [78].
Mir155 deficiency affects multiple T cells populations. It was shown that mir155
deficient mice present lower number of differentiated of CD4+ T cells and a shift towards TH2
population [79]. This is due higher expression of SHIP a mir155 target which inhibits INFγ and
IL-2 expression. SOCS1 another target of mir155 produce increase expression in mir155 /-

mice. These mice are characterized by diminished expression of cytokines and defective

proliferation of T regs and Th17 populations [80]. Finally mir155 deficient mice seem for
susceptible and early death in infection associated with improper production of proinflammatory cytokines. [81]
7. The immunology of leptin

As we mentioned before apart from the ability to respond, adipocytes possess the
ability to express in cytokines and chemokines. Leptin is one of the most abundant
adipokines produced by adipocytes, together with cytokines such as tumor necrosis factor
(TNF)-α, IL-6, IL-1, the CC-chemokine ligand 2 (CCL2) and other mediators [82]. Leptin has
pro-inflammatory properties and upregulates the secretion of inflammatory cytokines like
TNF-α, IL-6, and IL-12 [83], [84]. Conversely, TNFa and IL-1β increase the expression of leptin
mRNA in the adipose tissue, creating a loop whose components influence each other in
promoting inflammation [85]. The levels of expression of leptin in serum and adipose tissue
typically increase after the administration of inflammatory stimuli such as lipopolysaccharide
(LPS), or in experimental acute inflammation [86], [87].
The activity of leptin and its close link with several pro-inflammatory mediators
underscores the capacity of this molecule to promote or sustain low-grade inflammation
that could ultimately favor the development of chronic disease. This could clearly happen
more frequently in the case of obesity, where leptin levels are typically elevated. Molecules
at the interface between metabolism and immunity such as leptin can either promote an
14

optimal immune response in a balanced metabolic state or, on the other hand, reflect the
inappropriate intake of nutrients and associate with abnormal immune responses (figure 4).

Figure 4. A controlled balance in the concentration of leptin influences the inflammatory homeostasis. Low
leptin concentration is associated with vulnerability to infection while elevated levels are linked with low grade
inflammation and degenerative diseases

B. Purpose of the study

Although the crosstalk between immune system and adipose tissue is wellestablished many aspects of the signaling pathways is still missing. The purpose of this study
was to elucidated the role of leptin, an important adipokine in the control of innate immune
responses and the involvement, if any, of the pro-inflammatory mir155 in the signaling
process.
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C. Materials and methods
Cell culture

The murine macrophage cell line RAW264.7 and primary murine thioglycollate
elicited peritoneal macrophages were cultured as previously described [88] in macrophage
complete medium (DMEM: Dulbecco’s Modified Eagle Medium) (GIBCO, Life technologies
Corp, Carlsbad, CA) supplemented with 10% (v/v) FBS, 10 mM L glutamine, 100 IU/ml
penicillin and 100 μg/ml streptomycin. E.coli-derived LPS (100 ng/ml) and leptin (100ng/ml)
were used individually or in combination as described at the results section. Peritoneal
macrophages were isolated from WT or mir155-/- mice by peritoneal lavage 4 days after
injection of 2ml of 3% thioglycolate (Difco, BD Diagnostics).
ELISA

Cytokine concentration in serum for TNFa, and IL-6 was determined by ELISA at the
indicated time points using ELISA kits (R&D Systems), according to the manufacturer’s
instructions.

Quantitative RT-PCR

500.000 per sample RAW 264.7 mouse macrophages or peritoneal macrophages
were plated in 24 well plates containing 0.5 ml DMEM (10% FBS, 100 U/ml penicillin, and 0.1
mg/ml streptomycin). Cells were washed with ice cold PBS and RNA was isolated using TRIzol
(Invitrogen) according to manufacturer’s instructions. The reverse transcription was
performed with Applied Biosystems High Capacity cDNA Reverse Transcription Kit (using 1
μg isolated RNA as template) according to manufacturer’s instructions.
Real time PCR reaction was performed with the Bioline SensiMix SYBR Hi-ROX Kit
according to manufacturer’s instructions. Amplification was performed in a 7500 Fast RealTime PCR (applied biosystems) for a maximum of 45 cycles, as follows: Start steps: 30min at
50°C, 15min at 95°C, Repeat steps: 15 s at 95°C, 30 s at 60°C, and 30 s at 72°C. No byproducts were present in the reaction, as indicated by the dissociation pattern provided at
16

the end of the reaction. The amplification efficiency of the mouse IRAK-M product was the
same as the one of beta-actin, as indicated by the standard curves of amplification, allowing
us to use the formula: fold difference = 2-(CtA - CtB), where Ct is the cycle threshold (qBase plus
software). Reactions were performed with biological duplicates and technical duplicates, to
allow for statistical evaluation (Graphpad Prism software).
Chromatin immunoprecipitation

Peritoneal macrophages from mir155-deficient mice (n=3) were collected as
described above. Cells were pooled and plated in cell culture dishes at a density of 20x106
cells per dish. Cells were treated with DMEM, Leptin, LPS, Leptin-LPS for 6 hours. For the
fixation process cells were fixed in 1% formaldehyde buffer (11% formaldehyde, 1000mM
NaCL, 1mM EDTA, 50mM Hepes Ph 8.0) for 10 min at room temperature. The fixation was
quenched by adding a final concentration of 125mM glycine directly in the culture media.
Scraping and transfer of cells to a 15 mL conical tube and two washes with ice cold 1xPBS
(supplemented with 1mM PMSF) followed, and the cell pellet was incubated with 10ml cell
lysis buffer [5mM PIPES (pH 8.0), 85mM KCl, 0.5% NP-40, 1mM PMSF, complete protease
inhibitors] for 10 min on ice. The cells were lysed with 800 μl SDS lysis buffer (1% SDS, 10mM
EDTA, 50mM Tris–HCl pH 8.1) for 10 min on ice. Samples were sonicated to an average
length of DNA 500-800bp in q800R Sonica tor during five cycles of 5 min with a duty of 15 s
on/ 45 s off. Chromatin was sonicated to an average length of DNA 500-1000 bp.
Immunoprecipitation was performed with the equivalent of 3-4x106 cells per sample, diluted
10 times with ChIP dilution buffer (0.01% SDS, 1.1% TritonX-100, 1.2mM EDTA, 16.7mM
Tris–HCl pH 8.0, 167mM NaCl supplemented with protease inhibitors) and 5 μg of each
antibody. Samples were rotated at 4oC overnight (1% of chromatin input was kept). Next day
each sample was mixed with 20 μL of magnetic beads and was rotated for 2 h at 4oC.
Immunoprecipitated material was incubated for 5 min with each of the following buffers:
low salt Wash Buffer A (0.1% SDS, 1% Triton X-100, 2mM EDTA, 20mM Tris-HCl pH 8.0,
150mM NaCl supplemented with protease inhibitors), high-salt Wash Buffer B (0.1% SDS, 1%
Triton X-100, 2mM EDTA, 20mM Tris- HCl pH8.8, 500mM NaCl supplemented with protease
inhibitors), Buffer C [20mM Tris HCl (pH 8.0), 250mM LiCl, 1mM EDTA, 0.5% NP-40, 0.5% NaDeoxycholate, 0.5 PMSF supplemented with Protease inhibitors] and once with TE, pH 8.0.
After the last wash, samples were incubated with proteinase K (200 mg/ml), 0.5% SDS in TE
for 2 h at 55oC and then were incubated overnight at 65oC for the reversion of formaldehyde
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cross-links. DNA was purified with phenol/chloroform extraction, and was precipitated with
ethanol (1% glycogen and 10% CH3COONa). Immunoprecipitated DNA was resuspended in
40 μL of 100mM Tris-HCL pH 7.5. 5% of the immunoprecipitated DNA was used in qPCR
analysis and data have been normalized using the formula: 100*2^(Adjusted input – Ct IP). The
antibodies that were used in the ChIP experiments were the following: NF-kB p65 antibodyc-20x (sc 372x, Santa Cruz Biotechnology) and NF-kB p65 antibody H-286 (sc 7151, Santa
Cruz). The following primer pairs were used for the amplification of the miR-155 promoter
regions in the ChIP experiments. ΜiR-155: Fwd 5’TTTCGAGCCGGAGGTTCCA-3’ Rev 5’CGGCGACCCTTTTATAGCCC - 3’.
Transfection
Transient transfection using a modified Lipofectamine reagent (RNAimax, Life technologies
Corp, Carlsbad, CA) was performed as per the manufacturer’s instructions. In short, 24-well
plated WT and peritoneal macrophages at a density of 5x105 were transfected with either
mir155 liposome or scramble liposome (produced in Noviscom) and were incubated at 37 oC
for 24 hours. After the 24 hours cell were washed with PBS, supplied with fresh 0.5ml DMEM
and treated with 100ng/ml Leptin, for 6 hours. Control untransfected cell were also followed
the same procedure. The supernatants were collected for ELISA and cells were lysed with
TRIzol for RNA extraction as described above.
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D. Results


Leptin treatments effectively induce the expression of proinflammatory cytokines

Previous studies have shown that treatment of leptin could induce a proinflammatory phenotype in immune cell types. In order to validate the link of leptin with
immune system we exploited the LPS/TLR4 system that represents innate immunity. We
established an in vitro macrophages population of RAW 264,7 and an ex vivo using
peritoneal macrophages. We treated these cells with leptin, LPS, and a combination of
Leptin and LPS and after 6 hours we measured the abundance of the pro-inflammatory
cytokines IL-6 (A), (B) and TNFa (C) against untreated individuals (figure 5). In both
populations the administration of leptin enhanced the expression of the cytokines compared
with LPS-only treated cells. In addition the administration of leptin individually of LPS could
increase the basal levels of cytokines. In these experiments we managed to show that leptin
could effectively affect the immune response.
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LPS-induced production IL-6 of and TNFa
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Mir155 expression analysis through administration of Leptin and LPS treatments

Our lab and other have already determined the role of mir155 in pro-inflammatory
responses. Following the validation of leptin effect in the immune response in macrophages
we attempted to assess whether leptin could also affect the expression of mir155 (figure 6).
We first examined the effect of leptin in the basal levels of mir155 in RAW cells and the
effect of leptin in induced pro-inflammatory response (combination of leptin and LPS) (A),
(B). Once more leptin induce both the basal levels of mir155 while it could increase the
expression of mir155 compare to LPS. We next incorporated the same experimental set up
in the ex vivo population of the peritoneal macrophages (C), (D). We manage to recover the
similar yet more pronounced phenotype. We conclude that leptin can effectively induce the
expression of mir155 during inflammation in macrophages. The expression pattern of
mir155 came in agreement with the cytokines examined confirming once more the proinflammatory nature of this small molecule.
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Figure 6. Leptin induce the expression of mir155. (A) ,(B) Leptin effectively increase the basal levels of mir155
in both RAW 264.7 and peritoneal macrophages. (C), (D) Leptin efficiently enhance the LPS-induced production
of mir155



Mir155 deficient mice produce diminished expression of pro-inflammatory
cytokines.

While we already validated the induction of mir155 during inflammatory response
and the pro-inflammatory role of leptin we investigated whether mir155 affects the
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expression of pro-inflammatory cytokines (figure 7). To this end we obtained peritoneal
macrophages from wt and mir155 deficient mice and we incorporated the same treatments.
In the wt individuals we recovered once again the pro-inflammatory phenotype during LPS
and the combined treatment of Leptin and LPS. On the other hand mice that were mir155
deficient markedly abrogate the expression of the cytokines (A), (B). We concluded that
mir155 is dynamically involved in the expression of key pro-inflammatory cytokines. While
leptin enhance the expression of the cytokine it did not affect the levels of these cytokines in
the mir155-/- background. Furthermore we attempted to find a correlation between leptin
signaling and mir155. When we transfected mir155 deficient peritoneal macrophages with
mir155 liposome and treated them with leptin we did not observe any major differences in
the expression of cytokine (C), (D), (E).
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Chromatin immunoprecipitation to validate NF-kB occupation at mir155 promoter
in leptin treatment

To identify the occupancy of the transcription factor NF-kB on the promoter mir155
we incorporated chromatin immunoprecipitation in peritoneal macrophages. NF-kB is a wellestablished transcription factor that mediated an inflammatory expression profile in
LPS/TLR4 pathway. It was also shown a crosstalk between leptin signaling pathway and the
induction of NF-kB. Once again we treated the cells with leptin, LPS, Leptin and LPS for 2
hours this time and measured the differences in the binding of NF-kB in the promoter region
of mir155. While it was shown by our lab that LPS-treated cells promote the increase of the
NF-kB binding capacity on the mir155 promoter we did not manage to validate any
differences in these experiments using the two different antibodies we described in results
section (figure 8). Further experiments are required to determine the binding pattern of NFkB during leptin treatment.
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Validation of the inflammatory phenotype in adipose tissue

In order to confirm the crosstalk between immune system and adipose tissue we
obtained the gonadal adipose tissue and cultured it in medium (figure 9). After one day of
incubation, we administrated the already described treatments for 6 hours. Then we
collected the supernatants and we validated the levels of TNFa (B). Upon leptin or Leptin and
LPS treatment both the basal levels of TNFa and the levels of LPS-induced TNFa were
enhance compared to naïve and LPS treated individuals respectively. This result confirms the
inflammatory phenotype of adipose tissue.
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E. Discussion
The proper function of immune system to effectively defend infectious pathogens
requires availability of energy. On the other hand accumulation of fat depots is already
linked with a series of metabolic aberrations that lead to multiple diseases. These metabolic
aberrations are frequently associated with improper function of the immune system. Thus
the dynamic balance between the availability of nutrients and the avoidance of fat
accumulation is the important prerequisite for coordinated immune responses. The crosstalk
of immune system and adipose tissue is controlled by a plethora of soluble mediators that
involve diverse cytokines and chemokines. While cytokines are mainly associated with
immune-cell types and chemokines with adipocytes both cell types are able to secrete and
respond to these factors. Leptin is a hormone that is highly expressed in adipocytes and
seems to possess multiple roles apart from its well characterized to control the food intake
and body mass.
The feature of leptin to serve as an adipocytes-derived adipokine that controls the
energy homeostasis of the organism mark this hormone as an ideal mediator of the crosstalk
between immune system and adipose tissue. Leptin could potentially signal through binding
in immune cells about the availability of nutrients coordinating the dynamics of the immune
response. This may also explain the sustained low grade inflammation that is observed in
obese individuals. The high levels of circulating leptin and other abundant chemokines
during obesity are characterized by perpetuated binding and stimulation of the immune
cells. It also explains the link between metabolic aberrations and chronic inflammation as
well as the contribution of leptin in this interplay
In this study we investigated the association of leptin with innate immune system
especially the signaling of leptin in macrophages. We were able to assess the enhancement
of the pro-inflammatory response produced by LPS/TLR4 through the administration of
Leptin. Leptin effectively stimulate the production of both TNFa and IL-6 two proinflammatory markers a fact that reflects that availability of excess nutrients represented by
high levels of leptin promote a more robust immune response. It also provides evidence that
accumulation of this hormone reminiscent of obesity is sufficient to trigger inflammatory
response.
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In agreement with the expression pattern of TNFa and IL-6, mir155 was already
established as a pro-inflammatory marker. In fact previous studies already showed the
increase in mir155 during inflammation. In addition a number of anti-inflammatory factors
(SOCS1, SHIP1) were characterized as direct targets of this mir155. SOCS1 belongs to the
family of suppressors of cytokine signaling (SOCS family) where negatively regulates the
JAK/STAT signaling cascade of Leptin. Taken together the above observations we
investigated the response of mir155 upon Leptin treatment. We concluded that in
concordance with the other pro-inflammatory markers expression profile mir155 was
induced upon inflammatory stimulus. In addition Leptin could efficiently enhance the
expression of mir155 upon the induction of TLR4/LPS proving once the established link with
the immune system.
In order to determine whether mir155 is sufficient to promote the inflammatory
response we investigated the cytokine abundancy in mice that were mir155 deficient. As we
mentioned before SOCS1 is a mir155 target and a suppressor of the pro-inflammatory
response. We confirmed that while upon inflammatory wt peritoneal macrophages induce
TNFa and IL-6 mir155-/- macrophages show diminished expression of the cytokine. This
phenotype is possibly mediated by the increase of SOCS1 expression and its antiinflammatory role. Although the combination of LPS with Leptin enhance the expression of
the cytokines in WT mice it seems that do not affect the diminished expression pattern of
the cytokines. We could not identify a direct link between Leptin signaling and mir155 in the
regulation of immune response in macrophages. Further insight in the molecular mechanism
that underlies the two pathways may provide a potential crosstalk.
Innate immune responses upon inflammatory stimuli are characterized by global
changes in the chromatin dynamics and in expression profiles. Immune-associated
transcription factors bound to the promoters of pro-inflammatory cytokines. NF-kB is a wellestablished inflammatory transcription factor with binding sites in a variety of key proinflammatory cytokines. It was already showed by our lab that NF-kB occupancy in the
promoter of mir155 changes upon LPS induction. While we attempted to validate whether
NF-kB binding is increased upon leptin treatment we could not recover it. Further
experiments will uncover whether leptin is able to enhance NF-kB binding capacity
The dynamic crosstalk of immune system and adipose tissue is not mediated only
through the secretion of cytokines and chemokines. It is also mediated from the physical
proximity of the lymph nodes and adipose tissue. Furthermore adipose tissue is
25

characterized by the presence of invasive immune cell types. Immune cells in adipose tissue
serve possibly two major roles. Initially, the clearance of adipocytes with accumulated fat
depots that result in aberrant metabolism and secondly as mediators towards a more
efficient crosstalk with the energy producing cells to coordinate the immune response. In
this study we corroborated that adipose tissue is also capable for the expression of cytokines
derived possibly for both the immune cell types and the adipocytes. We also showed that
leptin can induce the expression of TNFa in combination with LPS.
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F. Future Directions.
The role of leptin in the regulation of the immune responses is very interesting topic.
We have determined that leptin enhances the expression of proiflammatory markers
highlighting once more the link between immune system and adipose tissue. We attempted
also to find a correlation between leptin signaling and mir155 but the preliminary data do
not confer such interplay. Several other experiments upon leptin treatment (LPS and LeptinLPS will be incuded) are required to establish the role of leptin signaling in the regulation of
inflammatory response in macrophages and the role of mir155. Briefly we propose some of
the ongoing work.
We will attempt to validate the differences in the NF-kB activation and in molecules
that directly associate in NF-kB signaling cascade through treatment with leptin of WT and
mir155-/-peritoneal macrophages. We will re-conduct the ChIP experiments against NF-kB
occupancy on the promoter of mir155 to assess whether there are changes in the occupancy
of this inflammatory transcription factor. We will also measure the expression profiles and
protein levels via RT-PCR and Western Blot of NF-kb upstream and downstream factors
(IKKa, IKKb, NEMO, IKBs, p50, p300).
To further elucidate the link between immune responses and metabolism we will
incorporate the same treatments in RAW and peritoneal macrophages of WT and mir155-/and we will measure the RNA and protein levels of IR and IGFR receptors through RT-PCR
and Western Blot mainly affected during a common metabolic disorder termed insulin
resistance. In order to further study the effect of leptin in this disorder we will incorporate
Akt2-/- mice that represent an insulin resistant model. We will measure the serum circulating
levels in these mice towards WT individuals. We will also measure the mRNA levels of leptin
in Akt-/-, mir155-/- and WT in adipose tissue and find out differences in the expression levels
of the hormone levels in cells. if there will differences we will also validate the expression
levels of leptin downstream signaling mediators in the respective peritoneal macrophages
via RT-PCR
Next we will attempt to elucidate some aspects of the role of STAT/SOCS upon leptin
treatment in immune responses. This leptin-associated signaling cascade especially the one
of STAT1/SOCS1 is off great importance as it is affected both from leptin and from mir155.
Leptin through activation of STATs induce SOCS which in turn inhibit this signaling cascade
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constituting a negative feedback loop. On the other hand mir155 inhibits SOCS1. It would be
interesting to find out how these molecules respond upon treatments of leptin in WT and
mir155-/-peritoneal macrophages. mRNA levels and protein levels of these molecules should
be evaluated to reveal a potential crosstalk between these molecules.
Finally transfection with mir155 liposome in mir155-/- peritoneal macrophages with
subsequent leptin treatments will be performed. We will proceed to protein extraction and
Western Blot against SOCS1 and PSTAT1 to investigate the expression status of these leptinand mir155- associated molecules.
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