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INTRODUCTION

According to our present knowledge, obesity is oofe the
milestones in the development of metabolic syndrom8ome of the
metabolic abnormalities, which are characteristit®besity, are detectable
in the early stage of the disease and its signsrdngatients with moderate
overweight as well. Because of this, numerous istugxamined the
increased cardiovascular risk of overweight pasiefithe central role of
obesity in the development of cardiovascular diseas partially due to the
adipokines originated from adipocytes. Leptin iteab increase the intensity
of mevalonate pathway, which can lead to increasedesterol biosynthesis.
After binding to its receptor, leptin connects ke tPLC—Ins(1,4,5)P3—€a
signal pathway. The JAK/STAT, PI3K, MAPK/ERK and €Ksignaling
pathways also take part in the leptin induced ditnaamsduction. However,
the increased intensity of mevalonate pathway dmalesterol synthesis is
not the sole consequence of the elevated leptinerdration. The membrane
composition changes in parallel with the alteratiasf cholesterol level,
which has an influence on the functions of the memé channels. In
neutrophils, decreased calcium influx was showa assult of the effects of
free cholesterol. In adipocytes the damaged ATH-catmodulin-dependent
H*/Ca*antiport resulted in increased intracellular {gawhich led to a
continuously increased intracellular fCJalevel. This condition promotes
increased lipogenesis and decreased lipolysis. €T pescesses lead to the
significant growth of adipose tissue indicating thée of intracellular [CE]
in the pathomechanism of obesity. On the other h#rel formation of free
radicals damages the ion transport through the mameb by directly
damaging the N#K*-ATPase, the N#aC&* exchanger protein and the ATP-
dependent HC& antiport proteins. In obesity the overexpressioreptin
stimulates the NADPH oxidase by its long type réoep and induces
superoxide production in numerous cells. The aident activity of statins is
known, and in patients with hypercholesterolemieait inhibit the NADPH



oxidase by increased adiponektin production. THabition of NADPH
oxidase results in decreased superoxide anion fama

The previous experiments of our research group wamnéed out on
monocytes of patients with hypercholesterolemia.eseh experiments
highlight the importance of cPKC among the reguldaators of cholesterol
biosynthesis and point out the difference of calchomeostasis between the
monocytes separated from the blood of healthy otmtrand
hypercholesterolemic patients. According to ourdtgsis, leptin is one of
the factors that are responsible for the elevawdnCe&* level in the
monocytes of overweight patients. Confirming oupdihesis, we examined
the effects of leptin on human monocytes, and westigated the leptin-
induced biphasic effect on cholesterol synthesis the connection between
the formation of superoxide anion and the intradetifree C4" after adding
leptin to the monocytes of subjects with normal giiand overweight.
Furthermore, we examined the origin of ?Caignals in both groups of
monocytes. Finally, to clarify the role of supemianion formation in
intracellular free Cd imbalance, we added fluvastatin to the cell suspens
inhibiting NADPH oxidase activity.

Calcium

In the human body approximately 1% of calcium itvad in the
intra- and extracellular fluid. The ionized calciystays significant role in
most physiological processes, therefore its comagan is strictly regulated.
Itis 1.16-1.18 mmol/L in the extracellular materd in the cell it is less than
hundredth of this value. Parathyroid hormone (PTk}amin D and
calcitonin play major roles in the maintenance & tphysiological
concentration.

The calcium, as a second messenger molecule, isriam in the
intracellular signal transduction pathways.



Molecules and inhibitors participating in the calcium signal
transduction

Phospholipase C and neomycin

The phosphoinositide-specific phospholipase C (PlsBGenzymes
cleave the polar head of inositol phospholipidseyimduce the formation of
inositol 1,4,5- trisphosphate (Ins(1,4,5)P3) aratyliglycerol (DAG) through
cell surface receptors by the hydrolysis of phosightnositol 4,5-
bisphosphate (PIP2) located in the lipid bilayehe TPLC isoform is
activated through G proteins, while the P{ @ activated via tyrosine kinase
receptors. After phosphorilation, the PLC isoenzynanslocate into the
membrane where they produce Ins(1,4,5)P3 and DA their substrates.
Ins(1,4,5)P3 is a second messenger molecule geatiieg in the mobilization
of C&* and DAG is the activator of proteinkinase C (PKC).

Neomycin is able to inhibit phospholipase C byding to
inositol phospholipids. It binds to phosphatidysitol 4,5- bisphosphate
with high affinity and PLC becomes unable to pragluns(1,4,5)P3 and
DAG.

Proteinkinase C

Proteinkinase C (PKC) isoenzyme family includesnedthreonine
kinases. The enzyme family is divided into threafasms: classical, novel
and atypical. The members of the first group canabBvated by both
calcium and DAG; the novel PKCs are only sensitvddAG, whereas the
atypical PKCs are not sensitive to either of thérhe PLC induces the
hydrolyzation of PIP2, which leads to DAG formati@and increasing
intracellular calcium concentration. These secondssanger molecules
trigger the translocation of the cytosolic inactilassical PKC molecules to
the membrane, which is followed by their conforroadl change. The active
PKC, bound to the phosphatidylserine of the menm#rghosphorilates the
serine and threonine side chains with a wide satesspecificity.
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Inositol trisphosphate (Ins(1,4,5)P3)

Ins(1,4,5)P3, the formation of which is induced BKC, plays a
regulatory role in the maintenance of intracelludaicium homeostasis. Its
receptors are located on the surface of calciumestio the cell. The binding
of Ins(1,4,5)P3 to the receptors on the surfac¢hefER results the rapid
depletion of the intracellular calcium stores. Tllecreased calcium
concentration in the store is replaced by the*Qaflux through the
membrane. This so-called “store-operated®@arrent (SOC) controlled by
the stores has an influence on numerous cellutoreses, including enzyme
activation, gene expression, secretion, cell divisind cell death.

Gi protein and pertussistoxin

Gi proteins belong to the guanine nucleotide regularotein (G
protein) family. G proteins have a critical role tine regulation of signal
transduction systems. These pathways include tlemyhd-cyklase/cAMP
system and the receptor mediated activation of Phlispholipase A2,
numerous hormone and neurotransmitter-regulatedhiannels.

The pertussis toxin (PTX) is an ADP-ribosylation letule
consisting of five subunits. It irreversibly ADibosylates the cysteine
residuum of thex subunit of the Gi/o protein family prohibiting tiehibition
of adenylate-cyclase (AC). This suggests that titebition of G protein
coupled receptor (GPCR) triggers the formation &M®. The Epac
(exchange protein directly activated by cAMP) malecfamily binds the
cAMP directly, which initiates calmodulin kinase (CaMKII)-dependent
signal transduction pathways, including “Caelease from endoplasmic
reticulum.

Intracellular calcium trandocation and thapsigargin

Thapsigargin (TG) is a sesquiterpene lactone, whidn effective
and specific inhibitor of the intracellular EATPases, forming a so-called



“dead-end” complex with them, which inhibits thether catalysis. It leads
to the depletion of intracellular &astores and increased cytosolicTavel.

The discovery of TG and its utilization in researmsignificantly
facilitated the investigation of calcium-relatedlgiar processes, including
the mechanism of Ghtranslocation to the cytosol.

Membrane channels and verapamil

Verapamil is a fenilalkilamin, which is the inhibit of voltage-
dependent G4 channels. Presumably, it inhibits by binding te fore of the
ion channel in a voltage-independent manner andkbig it. Therefore, it
does not have an influence on the normal gatinggsses, because it does
not affect the changes of the membrane potentitdeofon channel.

Phosphatidylinositol-3-kinase (P13K) and wortmannin

PI3Ks are heterodimer complexes, which consist haf tightly
connected regulator/adapter and catalytic suburitsey take part in
numerous cell functions phosphorylating the 3-hyglfo group of
phosphatidylinositol. The PI3K is one of the comtpoints of leptin and
insulin signal transduction. Its main substratéhis phosphatidylinositol 4,5-
bisphosphate (PIP2), and converts it to phospylatmbitol 1,4,5-
trisphosphate (PIP3). The PI3K takes part in thgulegion of numerous
biological processes due to the high number ofipiisies for its activation
and its crossing points with other signal transiducpathways.

Wortmannin (WMN), a widely used fungal toxin, isl@alio inhibit
PI3K. WMN binds covalently to the catalytic subuoit the enzyme and
inhibits the binding of ATP and PIP2.



NADPH oxidase (Nox)

NADPH oxidases are multicomponent enzymes usiregtrns
originating from NADPH to generate superoxide ani@ue to enzyme
catalysis the produced,Qs transformed to a wide range of reactive oxygen
species (ROS) important in immune response.

In resting monocytes the Nox system is inactiveirtkomponents
occur in the cytosol and the membrane separateponUactivation, the
cytosolic components translocate to the membrareravthe active enzyme
is built and able to catalyze,(production.

Previous studies demonstrated that the lipid akidi ability of
monocytes is affected by calcium influx and inttadar calcium
mobilization. Changes in intracellular [€h influences other important
signaling pathways such as%dependent PKC and cytosolic phospholipase
A2 (cPLA2) pathways. Increasing intracellular fJds able to regulate the
activity of Nox in monocytes and macrophages thiotige generation of
arachidonic acid by cPLA. The effect of cPLA and ®Kon Nox is not
independent of each other. The function of cPLAalso regulated by the
phosphorylation of PKCs. PKCs are able to activhate members of the
MAPK family, the role of which is demonstrated inoN derived, ROS
induced signaling pathways. The relationship bebwB®S and MAPK is
strong: MAPK directly influences the ROS productiohNox. Increase in
ROS levels may trigger positive feedback resultinghigh cellular ROS
concentration.

The relationship of G4 and Nox is bilateral. Not solely increased
intracellular [C4"] affects Nox activity but the opposite also occuxsix
derived ROS activates ryanodin receptors, mairvatcis of intracellular
Cé&* mobilization.



Cholesterol synthesis; the role and pleiotropic effects
of statins

3-hydroxy-3-methyl-glutaryl-CoA reductase (HMG-Caogductase)
enzyme catalyzes the most important, rate-limitstgp of cholesterol
synthesis. The widely used statins inhitdt novo cholesterol synthesis by
targeting this enzyme.

Statins also possess cholesterol independent, Ik qaeiotropic
effects. The mevalonate pathway is responsible the production of
numerous non-steroid isoprenoids which isoprenytstsential intracellular
proteins. These proteins include small GTPasesRag. and Rho GTPase
families the ability of which is to connect intrdloéar signaling processes
and extracellular stimuli.

The ability of statins to reduce isoprenoid synihexerts multiple
pleiotropic effects through intracellular signalinmechanisms. These
pleiotropic effects include the reversal of endb#hdunction loss, reduced
inflammation and smooth muscle cell proliferatiaddammunomodulatory
role.

Regulatory moleculesin cholesterol synthesis and their inhibitors

MAPK and PD98059

Among the leptin induced signaling pathways canfdiend the
canonical MAPK/ERK1/2 pathway and the non-canomi88l MAP kinase
pathway. Leptin affects the regulation of cholestesynthesis through p38
MAPK- (SREBP)-1c. The A canonical MAPK-cascade, ethis activated in
the Ras-ERK-MAPK pathway, reaches the nucleus anthé regulation of
gene expression modulates many biological processs MAPK/MSK1
mediates the intracellular cholesterol dependesmstriptional activity of
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NFxB. The NKkB activating ability of p38 MAPK pathway turned awot be
inhibitable by fluvastatin. The MAPK cascade plags major role in
cholesterol homeostasis and inflammatory processes.

A MAPK proteins, ERK1 and ERK2, is activated byeth
phosphorylation of MEK. PD98059 is a flavonoid nwmlk, which
specifically inhibits MEK. It is widely used for ¢helucidation of the roles of
MAPK cascade members in biological processes.

SCAP and 25-HC

The maintenance of normal cholesterol level isiedrout by the
transcriptional regulation of genes responsibledoolesterol synthesis and
uptake. One of the central components of this eggey mechanism is the
sterol regulatory element binding protein (SREBRndly. SREBPs are
synthesized in the ER and activated by the SRERRvelge activating
protein (SCAP).SCAP has dual role: it acts as aoktsensor and is
responsible for SREBP transport. SCAP carries SRE®BRhe Golgi where
the activation takes place. Following the activataf SREBP it enters the
nucleus and regulates gene expression related diestbérol synthesis and
uptake.

Inhibition of the transcriptional regulation of dbsterol synthesis
may be carried out by 25-hydroxicholesterol (25-H@Gat supports the
formation of SCAP-Insig protein complex.

AIMS

In previous experiments our research group stuttedsignaling
mechanisms of granulocytes and monocytes. In maescythe PKC
activation dependence of endogenous cholesterdhasis has been shown
afterin vitro LDL administration. Fluvastatin treatment benefilyi affected
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the Ang-ll induced @ generation and alterations in the signaling
mechanisms of neutrophils separated from the biddtypercholesterolemic
patients. In vitro leptin treatment increased the cholesterol syighe$
monocytes, which was higher in OW monocytes. Thénenduced increase
in cholesterol synthesis was augmented by fluviastanhd 25-HC. In
neutrophils of hypercholesterolemic patients thex®eénsitive Ins(1,4,5)P3
signaling damaged and calcium signals decreasedhefmore, the CA
signals originated from the extracellular mediumdanot from the
intracellular pools as it is seen in healthy cdl§ILP andk-elastin treatment
triggered reduced Gasignals in monocytes of elderly subjects and ¢tern
of the induced C# levels to the baseline levels was lagging.

Based on the results of our research group | aiatechrrying out
the following experiments:

- we planned to study the effect of leptin on the ouytes of
overweight, but healthy men;

- multiple leptin concentrations were used for thecilation of
the hypothesized differences in the regulation leblesterol
synthesis. To examine leptin signaling in more itletee
inhibited SCAP and MAPK;

- we hypothesized the role of mPKC in the regulatidrieptin
induced cholesterol synthesis and we measured MBS in
our monocytes;

- calcium levels were measured and the calcium iklsitgnaling
was mapped by the aid of inhibitors used agairestniembers
of signaling processes in connection with calciuwbitization
and transport;

- we examined Nox activity because of the effect @ on
membrane channels and the effect of intracellu@a] on
Nox;

- we aimed at the reduction of,Qoroduction by fluvastatin and
expected the normalization of calcium signaling amembrane
transport.
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MATERIALSAND METHODS

Patients

The study was performed on 16 lean (control) andod@&weight healthy
male subjects. Enrolling only male volunteers eedblus to exclude
interfering sex differences such as hormonal factr difference in lipid
profiles.

Determination of laboratory parameters

The venous blood samples (10-15 mL) were takentamvals of 4—
5 days from 6 to 8 patients and 3 to 4 control ntdars for each set of
experiments. The interassay coefficient did noteexic15%. Determination
of cholesterol and triglyceride levels from seraswarried out enzimatically,
using colorimetric tests (GPO-PAP, Modular P-800 almer,
Roche/Hitachi), while HDL-cholesterol and LDL-chslerol were measured
with homogenous, enzymatic, colorimetric assay (Ro&IiDL-C plus 3rd
generation and Roche LDL-C plus 2nd generation, paetively).
Apolipoprotein determination was carried out by iomo-turbidimetric assay
(Roche Tina-Quant APO A (Version 2), Tina-Quant ABQ(Version 2),
Roche Ltd). Concentration of leptin in the sera weesasured by competitive
enzyme immunoassay (Cayman Chemical Company, AtoerAMichigan,
USA).

Isolation of monocytes

Monocytes were isolated from venous blood, accgrdorthe methods of
Boyum (1968). The mononuclear cell suspensions wreed in Nunc petri
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dishes (90 mm diameter), pretreated with fetal @fum, and further
separated by the method of Kumagai et al. (1978 final cell suspension

was 93-96% pure for monocytes and the proportioviadfle cells was 90—
95%.

Experimental conditions

Monocytes were suspended in Hepes-buffered HBSSt Fo
stimulation of monocytes leptin (Sigma) was adntarisd at a final
concentration of 1-500 ng/mL doses. Different kirmfsinhibitors were
applied on the basis of previous studies as folldmgM neomycin (Sigma)
for 60 min, 100 ng/mL pertussis toxin (PTX, Signfaj 120 min, 1.0uM
thapsigargin (Sigma) for 60 min, for inhibition &&*-influx cells were
plated in medium V (10 pM verapamil(Sigma) + 3 mtadEGTA in C&*-
free medium) for 60 min, 1.0uM H-7 (Sigma) for 6@hn20 nM wortmannin
(WMN, Sigma) for 30 min, 50uM PD98059 (Sigma) fod® &in, 5uM
fluvastatin (Merck) for 60 min, and for inhibitionf sterol regulatory
element-binding protein cleavage-activating pro@<CAP) the 25 pM 25-
hydroxycholesterol (Sigma) complexed with metpydyclodextrin
according to the method of Adams et al. (2004)f0 tnin. All groups of
monocytes were incubated in HBSS for 120 min ptidokeptin treatment as
this was the longest inhibitor incubation time. fBiént inhibitors were
administered at various time points to enable timva-mentioned lengths of
incubation prior to leptin stimulation. Experiments&y monocytes were
carried out within 6 h of cell isolation. Leptin waadded to the cell
suspensions containing the inhibiting drugs aftdre tappropriate
preincubation. The time-course of leptin stimulatiwas dependent on the
type of the studied parameters. Cells were incubatea humidified CQ
incubator at 37C (CG, 5%, air 95%, humidity 95%).
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Determination of membrane-bound proteinkinase C

The method was carried out as described by Beklei(1986),
modified by Gopalakrishna et al. (1986). At the Bthdmin after leptin
stimulation the monocyte suspensions °(16ells/mL) were rapidly
centrifuged at 4C. The pellet was resuspended in Hepes-bufferedaluk
HBSS containing EDTA, 0.5 mmol/L EGTA, phenyl-metisylfonylfluoride
(Sigma), and leupeptin (Sigma). Cells were disrdiptérasonically (Branson
Sonifier 450) and centrifuged at 100,000xg for 4B at 4-C (Beckman L5-
65B). The pellets were then solubilized with Chépigma) 1% Nonident P-
40 (Sigma). The pellets were rehomogenized andifigye¢d again as above.
The PKC activities of the membrane fractions wertednined by measuring
the 3P incorporation from 100 to 200 cpm/m&H]-ATP (Institute of
Radiochemical Research, Budapest) into 100 pg/retohe 111-S (Sigma) in
the presence of 10 mmol/L MgCl 1.5 mmol/L CaG, 96ug/mLI-
phosphatidyl-I-serine  (Sigma), 6.5 pug/mL 1-oleoyhtyl-glycerol
(Sigma), 50 pmol/L adenosine 5-triphosphate Na2RASigma), and 100—
200 cpm/mg PJATP. The reaction was terminated after 10 miradging
ice-cold trichloroacetic acid and bovine serum gilbu as carrier. The
precipitate was then filtered through a 0.45 pmlipbre HA filter and
washed in 5x 2 mL ice-cold trichloroacetic acid. dRactivity was
determined with a Packard 2200 CA liquid scintitlat counter, using a
toluol cocktail to dissolve the filter. PKC actiyitwas expressed as
incorporated®P (pmol/min/mg protein).

Measurement of endogenous cholesterol synthesis

The assay was performed as described by McNamaral.e{1985).
Monocytes (10 cells) in 1.0 mL HBSS containing 2.5 nmol/L[2-14Cktate
with 1.8 GBg/mmol specific activity (Isotope Instie of the Hungarian
Academy of Sciences) were incubated with 1-500 hdéptin and also with
the above-mentioned inhibiting drugs. The reacti@s terminated with 0.5
mL of 1.0 mol/LKOH at the end of the 4-h long inetilon, and the samples
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were saponified for 90 min at #C. As an internal reference, standard [1,2-
3H]cholesterol (1480 GBg/mmol) was used. The unsdijed lipids were
extracted with hexane. The extracts were placedaminium oxide
columns, and the steroid fraction was eluted withl:& mixture of
acetone/diethyl ether. After drying eluates thauioactivity was measured,
and values were expressed in pmol of synthesizedlesterol/h/10
monocytes.

Superoxide anion generation

Superoxide anion production was measured afteinlsgimulation for 30
min using superoxide dismutase inhibitable reducté ferricytochrome C
(Sigma). Results were expressed as nmol of prod@sedmol//30 min/16
monocytes.

Determination of inositol-1,4,5-trisphosphate

Determination of inositol-1,4,5-trisphosphate [thg€(5)P3]was carried out
according to the method of Patthy et al. The apjaitg concentrations of
inhibitor drugs were added to the cell containingtore 30—120 min prior to
the end of myo-[3H] inositol preincubation. Follawgi vigorous washing
cell-bound radioactivity was determined. The intils were readministered
to the monocytes, and the cells were stimulateti &t ng/mL leptin. After
20 s, the reaction was terminated. Ins(1,4,5)P& wgeated by reverse-phase
ion-pair chromatography, using Ins(1,4,5P3 as rike standard
(Amersham). The amount of produced Ins(1,4,5)P3 egsressed as a
quotient of pmol Ins(1,4,5)P3/mg total protein.

Determination of intracellular calcium concentration

Monocytes were incubated in 1 mL volume contairbrg 1& cells + 20 pL
Indo 1/AM (Calbiochem) for 30 min at 3T in a shaker. The cells were then
washed vigorously and aliquots were resuspendétBiS. Inhibitors were
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added to the cells at previously indicated timesrpio leptin-stimulation.
The determination of intracellular [Eawas carried out at 405 and 485 nm
in a spectrofluorimeter (Hitachi, F-4500), undenst@nt stirring at 37C.
The final mixture consisting of 2Gnonocytes in 2.0 mL HBSS was placed
into a cuvette and the cells were stimulated wéptih in 50 ng/mL final
concentration at 0 min of the 6-min-long measuremdihe intracellular
[Ca®] levels were calculated according to the given dégqnalC&" signals
were calculated as leptin-stimulated minus basal‘JC Areas Under Curves
(AUC) values were calculated from €aignals measured during the six-min
time-curves. AUC values showed the total amourtabéium present over a
6 min long period, which well described the differeszelocity of calcium
influx and efflux in monocytes from normal and oweight subjects.

Statistical analysis

PKC activity and intracellular [¢4 values were expressed in AUC.
To evaluate the degree of inhibitions, AUC valuesravcalculated which
were characterized by descriptive statistics. Tiveye analyzed by one way
ANOVA and Newman-Keuls test. Changes were consitiestatistically
significant at p< 0.05.

RESULTS

In the first set of experiments the effect of laptin cholesterol
synthesis was examined by using different leptimcemtrations.

The basal level of cholesterol synthesis in restimgnocytes was
higher in the OW than in the control lean groupcémtrol monocytes 10—
100 ng/mL leptin-stimulated cholesterol synthestsemas higher, 250-500
ng/mL leptin concentrations suppressed it. In @sitrl0-500 ng/mL leptin
concentrations lead to remarkable enhancement @dgemous cholesterol
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synthesis in monocytes of OW patients. Furthermave, studied the
downstream regulation of 50 and 500 ng/mL leptiduiced endogenous
cholesterol synthesis in both monocyte groups. iheph 50 ng/mL
concentration increased the cholesterol synthesisoth monocyte types;
however, the reaction was more pronounced in OWSs.cétnhanced
cholesterol synthesis was inhibited in both of ¢hewnocyte groups by the
PI3K inhibitor WMN, the MAPK inhibitor PD98059, thédHMGCoA
reductase inhibitor fluvastatin and the SCAP intioib25-HC.

In control cells leptin-induced cholesterol synikesvas also
decreased by the PLC inhibitor neomycin and theadgatlular C4" pool
suppressor thapsigargin. In contrast, in OW morexcythe verapamil
containing medium V was able to inhibit leptin-iméa cholesterol
synthesis.

Furthermore, we studied the signaling pathwaysath bmonocyte
groups after stimulation with 500 ng/mL leptin. Tecrease in cholesterol
synthesis in control monocytes under these circamests was abolished by
thapsigargin, H-7 and WMN pretreatment suggestihg tole of C&
signaling, cPKC and PI3K activation in the reguwatiof leptin induced
cholesterol synthesis. However, in the OW monogytaip the inhibition of
C&* influx by Medium V, WMN, 25-HC and fluvastatin deased the
elevated cholesterol synthesis.

The PKC activity was measured in monocytes of leaad OW
subjects for 45 min after stimulation with 50 ar@5hg/mL leptin. In the
lean group we only found an early peak 5 min atimulation with low
leptin concentration whereas after treating thésoslth 500 ng/mL leptin,
we observed a second high peak 30-35 min aftengdéptin to the culture
medium. Leptin-induced PKC time curves in OW moriesyshow that PKC
activity in resting cells was sevenfold higher inWOthan in control
monocytes. Moreover 50 ng/mL leptin caused a tioree with two peaks in
cell of OW subjects, whereas after 500 ng/mL leptatment we found only
one large peak with a maximum at 30 min. When weutated the areas
under time curves (AUC), we found that in contrér groups the 50 and
500 ng/mL leptin-induced first peaks were nearlyaghowever, the second
large peak only appeared after addition of 500 hgéptin.
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In the OW groups the leptin-induced membrane bodiC
activation was more pronounced than in controlscahd the one large peak
after stimulation with 500 ng/mL leptin was highikan the sum of two peaks
after addition of 50 ng/mL leptin.

In both treatment groups of control lean monocytesmembrane-
bound PKC activity peaks were inhibited by WMN pi@ibation, while the
second peak after 500 ng/mL leptin treatment PKG whibited by both
WMN and H-7. In OW monocytes the resistance of P&tlvity to H-7 is
independent of the applied leptin concentrationgd &KC activity was
inhibited only by the PI3K inhibiting WMN. Summaiig the above results,
we conclude that in OW monocytes the lack of HiTsteve cPKC activation
plays a potential role in the increased stimulatibrcholesterol synthesis by
leptin treatment.

In the next set of experiments the intracellula?[T changes
triggered by leptin in C and OW monocytes were cared. We found
resting intracellular [C4] levels in OW monocytes to be higher than in
control cells, whereas peaks of?Gtime curves were lower and appeared
later in OW cells. We demonstrated?Caignals, i.e. intracellular [¢§ in
leptin-stimulated minus resting monocytes. ValueAUC were significantly
higher in OW monocytes than in control cells, whiohybe a consequence
of the delayed return to the basal level despiediv peak. To elucidate the
origin of C&" signals, we preincubated monocytes with pertussiin
(PTX), neomycin, thapsigargin (TG), wortmannin (WMahd in medium V.
According to these data, PTX had no effect on teptiluced C& signals.
Neomycin, TG and WMN were found to inhibit €aignals in control cells
more than in OW monocytes. The most pronounceditibin was exerted in
OW monocytes by incubation in medium V, whereaantrol cells C&
signals were not influenced by absence of extraleeliC&*, suggesting that
verapamil-sensitive G& channels are involved in the leptin-induced®Ca
signal generation only in OW monocytes. In confrag found that Ca
translocation from thapsigargin sensitive intradell pools is greater in
control cells, whereas its role in OW monocytesdsas pronounced.

We attempted to clarify the role of superoxide ang@neration in
altered C4&' balance. First, the leptin-triggered superoxid®mmeneration
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was determined in both groups of monocytes. Datavel leptin to cause
more intensive and PTX resistant superoxide anienegation in OW
monocytes than in control cells. Neomycin, TG anblM/inhibited NADPH
oxidase activation significantly in control monoegt whereas the superoxide
generation remained unchanged in medium V. TG cause most
pronounced inhibition suggesting the significant€d* translocation from
intracellular pools in leptin signaling. In conttassuperoxide anion
generation in OW cells was significantly inhibitedmedium V, whereas it
was affected moderately by neomycin, TG and WMNesSghresults suggest
that C&" signal is an important component of leptin-induceADPH
oxidase activation, and consequently, these sigatidways are different in
control and OW monocytes. Additionally, the pretmeant with fluvastatin
resulted significant decrease in leptin-stimulagageroxide anion generation
in both monocyte groups, however, the inhibitionswaore pronounced in
OW monocytes.

In the next set of experiments, the difference ketwcontrol and
OW monocytes in leptin-induced inositol-1,4,5-thggphate (Ins(1,4,5)P3)
signal was further elucidated. In control cellsteafleptin treatment,
Ins(1,4,5)P3 was found to be remarkably inhibitgdnbomycin and WMN.
In OW monocytes leptin treatment resulted in smaltes(1,4,5)P3 level
increase, however, the basal level in resting OVl5 agas higher than in
control monocytes. The results also indicated l#yatin-induced activation of
PLC was caused by activation of a WMN-sensitivénpaly but did not occur
through the PTX sensitive Gi protein. TG inhibiteefGsignal only in control
cells, whereas medium V had inhibiting effect omty OW monocytes.
Fluvastatin treatment had no effect in control gellvhereas in OW
monocytes it restored the impaired intracellulara[T balance, i.e. it
corrected the cytosolic free €adecrease. When fluvastatin pretreated OW
monocytes were incubated in the presence of eifl&or medium V. The
leptin induced intracellular [¢§ peak was inhibited only by TG. These
results suggest that the HMG CoA reductase inhipifluvastatin was able
to restore intracellular [¢§ homeostasis in OW monocytes.

Finally, we observed positive correlation betwedss leptin
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triggered superoxide generation and'Gagnals in OW monocytes, whereas
there was no correlation in control cells. This gegjs that superoxide
generation is involved in impaired intracellulasft} in OW monocytes.

DISCUSSION

We examined the effects leptin, key regulator ofesity, on
monocytes isolated from the blood of normal weigil overweight healthy
men. Apart from the role of leptin in the contrélhmnger and energy intake,
it also acts as a major regulator of intracellyescesses. The importance of
this adipokine is underlined by the complexity ¢$ irelated signaling
mechanisms. Previously, we showed altered FMLP andiotensin-I|
triggered signaling mechanisms in neutrophils difgpmas suffering from type
Il diabetes mellitus and hypercholesterolemia cargbdo healthy controls.

In the present experiments leptin influenced theolesterol
synthesis, calcium levels and Nox activity of OWda@ monocytes in a
different manner. We treated the monocytes withilephr concentration
gradient. In OW monocytes the rate of cholesteyoktgesis increased with
the increasing leptin levels while C monocytes tedcwith decreased
cholesterol synthesis for high leptin concentrati@m the basis of these
results, the hypothesized differences in the siggamechanisms were
further studied by 50 and 500 ng/mL leptin stimiokat C&* signals of
different origins, PI3K, MAPK and HMG-CoA play aleoin this process. In
connection with leptin signaling, inositol phospbpals are key regulators of
numerous cellular processes. Leptin has a modylatde in the cytokine
production of monocytes regulating inflammatory qgasses. In the state of
obesity, the adipose tissue creates a mild, lostiplg inflammation, which
elevates the expression of SREBP and SCAP leadimgteased cholesterol
synthesis. Treating our monocytes with 25-HC angdétatin, we observed
the inhibition of cholesterol production. This find indicated that the
SREBP2-SCAP axis might contribute to the metalsitieration observed in
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OW monocytes. The differences in the regulatiorcloblesterol synthesis
between the two monocyte groups raised two questiarcontrol monocytes
what is the mechanism responsible for the decrgasbolesterol synthesis
after high concentration of leptin stimulation amdy this mechanism cannot
be observed in OW monocytes. The 500 ng/mL leptggéred decreased
cholesterol synthesis was stopped by the pretredtmigh H-7 and WMN.
Thus, the role of Cadependent cPKC in the decrease of cholesterol
synthesis after 500 ng/mL leptin treatment was dirgal by the use of H-7.
Additionally, SOCS3 is able to reduce the activdy long type leptin
receptors and functioning as antagonists of STAT8Ovation. Therefore,
SOCS3 is considered as an important player in thesldpment of leptin
resistance. The role of PKC and PI3K signaling lteen demonstrated in the
increased expression of SOCS3 and ERK1/2 in aetivatacrophages. The
function of PKC and SOCS family is not independeheach other, which
supports the hypothesized role of PKC in leptinistast cholesterol
synthesis. Our research group has already obsehesdeptin signaling in
monocytes, one element of which is the DAG indud€C activation.
Stimulation by 50 ng/mL leptin lead to increasedlekterol production is
both C and OW monocytes. This increase was highhsitive to WMN
pretreatment, which indicates that PI3K and conertiy the production of
Ins(3,4,5)P3 play a role in increased cholestesgaittesis followed by
treatment with moderate leptin dose. Furthermare(3,4,5)P3 elevates the
activation of PKE autophosphorilation leading to increased xRF
expression.WMN sensitive PKC activity appearedofeihg both moderate
and high dose of leptin treatment. The second jpe&k cells was shown to
be H-7 sensitive. However, OW monocytes had H-istast PKC synthesis.
The cholesterol synthesis and PKC levels changeallgly: both monocyte
groups showed WMN sensitive cholesterol synthesibile only C
monocytes were susceptible to H-7. According toresults PKC represents
the link between PKC activity and cholesterol sgsih. PKG activates
NFxB through the phosphorilation inhibiteB (I-xB), which acts as a
transcriptional activator in the nucleus. The closkationship of NkB and
cholesterol production is further supported by #ensitivity of NKB
towards statins and increased cholesterol synthel§mart from PKC,
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different regulation of PI3K, altered membrane cosipon and rigidity and
cholesterol accumulation in the lipid rafts of OWomocytes may also
contribute to the differences observed in the C@¥d groups.

Additionally, in our experiments we found changeshe calcium
homeostasis of OW monocytes. We detected significgelavation of
intracellular calcium concentration in resting OVénocytes and the peak of
Cd" signals after leptin stimulation were lower tham ¢ontrol cells.
Additionally, return of intracellular [G3] to the baseline level was delayed.
Overall, these indicate a significant imbalancette C&" homeostasis in
OW monocytes. Based on our results we concludedinth@W monocytes
leptin — among other cytokines — might be involiedthe increase in
intracellular [C&"] because of the strong free radical generatingjtytuif
these cells. This disturbed intracellular fGahomeostasis may be
characterized by the failure of €aranslocation from intracellular pools and
slow C&" extrusion from the cytosol.

Calcium imbalance in OW cells may be characterizgd(1) The
failure of the canonical signal through the recepto inositol-1,4,5-
trisphosphate — intracellular €gpools — C&" signal pathway. (2) A shift in
the origin of C&" signals to C# influx through the verapamil-sensitive Ca
channels. (3) The delayed return of intracellul@e’f] to the baseline, as
seen on C4 time-curves after leptin stimulation.

When time-curves of Gasignals were analyzed applying the AUC
concept we found the total Easignals in OW monocytes markedly elevated
compared to controls. The leptin-triggered enhamsgrof AUC was caused
by the delayed normalization of €asignals in OW monocytes. The
inhibiting effect of thapsigargin in all groups wibnocytes may be attributed
to the participation of wortmannin-sensitive phasdylinositol 3 (P13)-
kinase in the signaling of long type leptin. Plhddge is able to split
phosphatidylinositol to diacyl-glycerol and Ins(3yP3 which activates
phospholipase C enzyme inducing Ins(1,4,5)P3 gé&para In our
experiments leptin caused significant increase e tinositol-1,4,5-
trisphosphate levels in both subject groups. Thekwated levels of
Ins(1,4,5)P3 in the monocytes separated from nomeayht and overweight
men were reduced by WMN through the inhibition dogphoinositide 3-
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kinases and neomycin due to the inhibition of phosipase C. However
pertussis toxin had no effect on Ins(1,4,5)P3 kweleither patient groups.
Since Ins(1,4,5)P3 is an important element of thieacellular signaling

resulting in calcium release from the endoplasneiicalum these results
inform us about the share of intracellular calcivefease to the overall
calcium concentration in the cell. The inhibitinguds applied in the

Ins(1,4,5)P3 determination suggested that phospbkitide 3-kinases and
phospholipase C participated in the productionnsf(1,4,5)P3 whereas the
pertussis toxin inhibited G proteins had no effactthis process. These
results further support our calcium measuremers #fe preincubation with
these inhibitors and verify the significance of(lnd4,5)P3 in cellular calcium
homeostasis.

The attenuated inhibiting effect of ZG on OW monesysuggests
that leptin-induced CGasignal in OW cells is caused by Ginflux, however
there is also evidence in the literature that P&Xistant Ins(1,4,5)P3 takes
part in C&" signal, too. TG had inhibiting effect on super@xidnion
generation both in control and in OW-monocytesdating that C& signal-
induced activation of NADPH oxidase depends paotiythe intracellularly
mobilized free C&. The significant decrease in leptin-induced In&&)P3
elevation with WMN preincubation confirms our asqiion about the role
of phosphatidylinositol 3-kinase in leptin-inducee’* signal.

In monocytes, store depletion subsequently resnltsxtracellular
C&" entering the cell to help refilling the stores.isThise in intracellular
[Ca™] is essential for the activation of NADPH oxidasthe enzyme
responsible for the production of ROS. The relatimiween intracellular
Cd" homeostasis and free radical generation in comindl OW monocytes
needs to be further evaluated.

Previously we published that angiotensin Il andtitepncreased
superoxide anion and leukotriene generation in rophils of
hypercholesterolemic patients compared to contratgl free radical
generation was partially inhibited by both vitro and in vivo statin-
administration. The calcium/calmodulin dependentPA3e located in the
plasma membrane is the only system in non-excitakles for calcium-
extrusion. Therefore, it is the most significanzgmatic CA" pump in the
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control of intracellular calcium concentration.tlre present study, we found
a significant increase in the leptin generated supée anion production of
OW monocytes. Decrease in superoxide anion genarafiOW-monocytes,
in medium V and after pretreatment with fluvastatilggests not only altered
signal processing, but also the mevalonate cygienigence of superoxide
anion generation and the endogenous antioxidantitgcdf statins. Statins
are inhibitors of the 3-hydroxy-3-methyl-glutaryéomymeA reductase,
which is the key-enzyme in the mevalonate cyclerdédaer, statins have
pleiotropic effects, inhibiting not only cholestérynthesis but the members
of the Rho superfamily, which are responsible fell proliferation, tumor
development, and activation of the Racl small GEPasis latter protein
plays role in the regulation of the NADPH oxidassiwaty in monocytes,
therefore fluvastatin is able to decrease partisigeroxide anion generation
induced by Angiotensin Il or leptin stimulation uitro and in vivo. The
mevalonate cycle-dependent (fluvastatin-inhibitakgertion of the leptin-
induced superoxide anion generation is more procediin OW monocytes
compared to control cells. This finding supports thypothesis that
endogenous antioxidant activity is not the soleratizristic of statins in the
inhibition of ROS generation. Fluvastatin is abte dliminate the delayed
restoration of intracellular [G§ in OW cells, possibly, by inhibiting the
enhanced superoxide anion generation, thereforeaiises significant
decrease in G& signal. In fluvastatin-treated cells Casignal originated
from the thapsigargin sensitive pools, the*Ciflux through the C&
channels stopped, and the free*'Giisappearance from cytosol recovered.
Furthermore, we found in OW monocytes significant astrong positive
correlation between the leptin-induced superoxigéora generation and
AUC-values of C¥ signals.

We can draw the conclusion that in OW monocytes ardsistant,
but WMN sensitive leptin signaling is present whinhy be the consequence
of an atypical, Cd-independent PKC activation. This PKC activationyma
be the culprit in the increased cholesterol synshés OW monocytes
following leptin treatment. Our results suggest iharease in Cd signals in
OW-monocytes is caused partly by impaired’Gsflux from the cells, as a
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consequence of the leptin triggered superoxidenaimduced injury of the
membrane transport.

Finally, we must consider that €ambalance plays a key role in
many pathological symptoms of disorders e.g. opesitsulin resistance,
hypertension and atherosclerosis. Agouti proteigeae product of weight
control, influences Gainflux and along with increased[€% levels inhibits
lipolysis and promotes lipogenesis in human andimeuadipocytes. Since
humans express agouti mainly in adipose tissuanay similarly exert
paracrine effects on [, and thereby stimulate de novo lipogenesis and
promote obesity. Thus, &asignaling represents a target for therapeutic
intervention in obesity. Statins, due to their i#pilof diminishing
intracellular calcium concentration intracellulaCa] levels through
inhibition of free radical generation, and inhibgicholesterol synthesis, play
important role in the treatment of obesity-relatdiseases e.g. insulin
resistance, hypercholesterolemia and atheroscterosi

SUMMARY

Obesity, as a significant risk factor, takes majmart in the
development of numerous diseases including athieresis and cancer.
Leptin is an adipose tissue derived hormone, thel lef which is increased
in overweight. Leptin takes part in local inflamioats and in the regulation
of cholesterol biosynthesis in human monocytes.

In our studies we aimed at defining the concemtnatiependence of
the effect of leptin in monocytes of overweight médw), and the
downstream signaling of high and low leptin concatitns targeting the

regulation of cholesterol synthesis. Additionallgg* signals,
NADPH oxidase activation, and their hypothesizedalation in monocytes
of lean and overweight men were investigated inegoeriments. To reveal
the signaling mechanisms in connection with calciamd cholesterol
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triggered by leptin we stimulated OW and controlnmoytes with leptin in
the presence or absence of different inhibitors.

Our results demonstrate that the biphasic effect cohtrol
monocytes depends on concentration, while OW maescgnly presented
elevated cholesterol synthesis. The stimulatiot w2 ng/mL leptin induced
Ccd" signal, activation of PI3K, MAPK and HMG CoA redase. The
suppression of cholesterol synthesis in the combahocytes stimulated with
500 ng/mL leptin was shown to be dependent on th€ €ignal, PI3K
activation and the H-7 sensitive cPKC, whereascti@esterol synthesis in
OW monocytes was only increased by PI3K. Our resi¢imonstrate that the
OW monocytes had higher basal intracellular’[TC#vel than the control
cells. On the other hand, in the OW monocytesepén-induced peak of the
C&" signal was lower with a delayed return to the bémszl. Despite the
lower C&" peaks OW monocytes presented highet* @anals than control
monocytes due to the delayed return to the basetihees. The utilization of
different cellular signaling inhibitors revealedatithe C4' signals in control
monocytes were originated from intracellular poolshile they were
originated mostly by Cainflux from medium in the OW cells. Leptin
induced superoxide anion generation showed sigmifipositive correlation
with C&* signals in OW monocytes. The treatment with fliartis
completely restored the intracellular fJahomeostasis in OW monocytes.
The beneficial effect of statins on elevated irgtadar [C&'] level might be
the consequence of their pleiotropic effects (emdnibiting free radical
generation). Statins therefore might be usefultiertreatment of obesity not
only due to their ability to decrease cholestengttisesis, but their anti-
oxidative effect.

Our results demonstrate that damage of H-7 seasit?KC
activation, PI3K mediated PKC activation and eledaC4" levels as the
consequence of damaged calcium channels chara&ctiezleptin-signaling
in OW monocytes.
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