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ABSTRACT KEYWORDS
Background: Alterations of theimmune systemin obeseindividualshave PBMC;
been well documented. Studies have shown that peripheral blood Cytokines;
mononuclear cells (PBMC) are closely associated with the tendency to Obesity;
inflammation and infections observed in obese, otherwise healthy persons, Inflammation.

in part because of their increased capability to produce inflammatory
cytokines. The aim of the study was to elucidate the question if this
phenomenon isinnate or it isacquired during their contact with the fatty
tissue and/or abnormal substances in the serum of obese individuals.
M ethods. PBM C from normal-weight individuals were incubated for 24
hours with increasing concentrations of sera from obese subjects and
from healthy normal weight individuals their capacity for inflammatory
cytokines production was detected and compared. Results. While the
effect of low concentrations of sera from obese and normal weight
individuals on cytokine production by normal PBMC was similar, higher
concentrations induced increased secretion of the pro-inflammatory
cytokine IL-1pB, and a decreased production of the ant-inflammatory
cytokine IL-10. The secretion of the remaining cytokines examined was
not affected. Conclusions: This observation suggests that the capability
PBMC from obese patientsto produceincreased levels of pro-inflammeatory
cytokinesis probably acquired.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION thelinkage between obesity, predispositiontoinflam-

mation and infections hasbeen well documented in-

Theragpidly increasing number of over-weight indi-
viduds, thosewith obesity without or with co morbidity
conditions, such astype 2 diabetes, hypertension, car-
diovascular diseases, and even maignancy!™ isof great
concern for themedical care providers, sinceit pre-
sentsaserioushedthfinancia burden(2¥. Furthermore,

dicating theexistence of an dteredimmunefunctionin
obeseindividuas. A sizeable number of studieshave
focused onvarioustargetsfor explanation of itsoccur-
rence, such astheimpact of the adiposetissueitsalfl,
release of pro-inflammatory moleculesfrom the adi-
pose tissue-mainly adipokines and cytokines®, in-
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creased production of TNFo by mononuclear cellg”
and eventheeffect of leptin, which, athough being an
anti-obesity hormone, may impair immunefunctionsby
activating monocytesfor cytokineproduction®. Therole
of themononuclear cdllsinthemodification of inflam-
matory processesin obesity hasbeenwel| established.
Itisexpressed not only by theimbaanceintheir cytokine
production, but aso by their strongly correlation of their
number with the BMI and body fat*. According to
Womack et al.™ individuals with morbid obesity
showed the most expressed associ ation with both total
whiteblood andimmunecd| counts. Onthecontrary, a
welight lossby 5% in obesewomen caused asignificant
improvement of themononuclear cellspro-inflamma:
tory state™. We have reported that PBM C from obese
individuals, compared to those of normal weight sub-
jectsshow anincreased production of pro-inflamma-
tory cytokinesand reduced secretion of anti-inflamma-
tory ones*?. Thequestion arisesif theatered cytokine
production by PBMCinobeseindividualsisduetoa
reprogramming of their immunefunction occurring dur-
ing their passage through the obesetissue, or itisa
result of acellular innate defect. Therefore, it wasthe
purpose of the present work to make an attempt to
clarify theissueby examination of inflanmatory cytokine
production followingincubation of PBM C from norma
weight individua swith seraobtained from obese sub-
jectsascompared with serafrom healthy normal weight
individud.

SUBJECTSAND METHODS

The Rabin Medica Center-Human Studies Com-
mittee approved the study. Thirteen healthy normal
weight adult subjects (BMI < 25, 9 females, and 4
males) and 19 obese, but otherwisehealthy individuds
(BMI > 30, 16 females, 3 maes), wereincluded inthe
study after signing aninform consent. The participants
in both groupswerein agood genera hedth they de-
nied any complaints and were not under any medica
tion. Their family history wasunremarkable. Weight and
height were measured twicewithout shoesand inlight
clothing. All participantsunderwent thefollowing bio-
chemistry tests: liver and kidney functiontests, € ectro-
Iytes, glucose, lipid profileand blood counts.

Céell preparation and cultureconditions
PBM C were separated from venousblood obtained
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from adult blood bank donorsby gradient centrifuga-
tion using Lymphoprep-1077 (Axis-Shield PoCAS,
0do, Norway). The cellswerewashed twicein phos-
phate buffered saline (PBS) and suspended in RPM -
1640 medium (Biological Industries, Beith Haemek,
Isradl) containing 1% penicillin, streptomycin and nys-
tatin.

Serum collection

Serum was separated from whol e blood of obese
and non-obeseindividua swithin 1 hr from blood with-
drawal using serum separator tubes. The serawere
stored at -75°C until assayed for their effect on cytokine
Secretion.

Cytokineproduction

2x10°/ml of PBMC suspendedin RPMI-1640were
incubated for 24 hrswith 10 ng/ml lipopolysaccharide
(LPS, E. coli, Sigma) to determine the secretion of
TNFa, IL-1B, IL-6, IL-1ra and IL-10. To evaluate
IL-2 and IFNy production the cellswereincubated for
48 hrs with 0.5ug/ml of phorbol meristate acetate
(PMA-Sigma, Isragl) and 0.25 pg/ml of ionomycin
(Sigma, Isradl). The serawere added at the onset of
theculturesat afina concentrationsbetween 2.5% and
75%. Separate incubation was performed for each
patient’s serum. None of the sera were pooled. The
plateswereincubated at 37°C inahumidified atmo-
sphere containing 5% CO». At theend of theincuba-
tion period, the culture mediawerecollected, the cells
wereremoved by centrifugation and the supernatants
werekept at -75°C until assayed for cytokine content.

Cytokinecontent in thesuper natants

The concentration of cytokinesinthe supernatants
was tested using ELISA Kits specific for human
cytokines (BiosourceInternationa, Camarillo, CA) as
detailedintheguide-line provided by themanufacturer.
Each kitisspecificfor oneindividud cytokine. Thede-
tection leve of all cytokineswas 30 pg/ml. The per-
centage of the CV of the ELISA assay for thecytokines
examined was 2% tothemean or less.

Satistical analysis

Datawas analyzed using two tailed, independent
Student’s t-test. The results are expressed as mean +
SEM. Oneway ANOVA test was used to evaluate the
effect of serum concentration onthe on cytokine pro-
duction. Pvalue <0.05was considered asstatisticaly
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RESULTS

Demogr aphicand biochemical data

Therewas no noticeable differencein height and
blood pressure between individual sfrom both groups
(TABLEZL). Theparticipantsin thecontrol group were
younger (34.3+2.8 vs 42.9+1.5 years, respectively,
p=0.006) and their body weight, BMI value and waist
circumference were significantly lower from those of
obeseindividuals (p<0.000). Therelevant serum bio-
chemigtry examinationsarepresentedinTABLE 1. One
obeseindividua showed € evated fasting blood glucose
(140 mg/dL) without any complantssuggestivefor dia-
betes. Except for HDL valuesbeing 27.3% lower in
the obese group (p=0.0004), therewasno significant
differenceinblood biochemistry.

Pro-inflammatory cytokinesat low serum concen-
tration (TABLE 2)

Incubation of LPS stimulated PBM C withincress-
ing concentrations of serum fromindividualsin both
groups (between 2.5% and 10%) caused a dose de-
pendent enhancement in the secretion of TNFa
(p=0.028), the difference being not significant. How-
ever, increas ng concentrationsof serafrom participants
in both groups (2.5%-10%) had no effect on the pro-
inflammatory cytokines IL-1B or IL-6 production
(p=0.42, p=0.39, respectively) and the anti-inflamma-
tory cytokinesIL1-raand IL-10 (p=0.12, p=0.89, re-
spectively) by LPS stimulated PBMC. PBMC stimu-
lated with PM A and ionomycin exposed to 2.5% and
10% serum showed adose dependent reductioninIL-
2 and IFNy secretion (p<0.001) without any signifi-
cant difference between thetwo groups.

TABLE 1: Demogr aphic dataof individualsfrom thetwo groups

Non obese (n=13) Obese (n=19) P value
Range Mean + SD Range Mean + SD

Age, years 20-53 34.3+2.8 33-54 42.9+1.5 0.006
Body weight, kg 54-75 59.5+2.7 76-114 94.3+2.6 <0.001
Height, m 1.55-1.76 1.63+0.02 155-1.72 1.63+0.01 NS
BMI 20-24.6 22.1+0.7 30.1-48.3 35.7+1.1 <0.001
Waist circumf., cm 71-92 79.0£2.3 93-124 109.5+2.2 <0.001
SBP, mm Hg 105-152 118+3.6 105-147 125+2.8 NS
DBP, mm Hg 53-95 72+3.2 63-92 78.6+2.2 0.074
Glucose, mg/dL 78-112 91.8+2.6 72-140 94.6+3.9 NS
Cholesterol, mg/dL 155-246 206+8.4 127-153 186.7+7.0 0.083
Triglycerides,mg/dL 50-430 115.8+27.5 81-460 128.4+8.0 NS
HDL, mg/dL 62.2-89.9 59.443.9 31.5-62.7 43.2+2.1 0.0004
LDL, mg/dL 88-174 123.9+7.7 66-143 114.3+5.3 NS

P value- comparing between the two groups; BMI- Body massindex; SBP-Systolic blood pressure; DPP-Diastolic blood pressure

TABLE 2: Cytokineproduction by PBM C treated with lower concentr ationsof serafrom non-obeseand obeseindividuals.

Non-obese Obese
Serum concentration 2.5% 5% 10% 2.5% 5% 10%
TNFa, ng/mi 1.18+0.08 1.36+0.08 1.47+0.10 1.22+0.08 1.42+0.77 1.44+0.14
IFNy, ng/ml 61.4+2.6 57.7£2.5 49.444.7 61.2+2.3 59.442.6 49.0+3.2
IL-1B, ng/ml 13.0+0.8 13.0+0.5 12.5+0.7 13.6+1.1 13.1+0.9 12.1+0.7
IL-6, ng/ml 56.0+4.0 55.3+4.1 50.3+4.4 58.7+5.0 53.6+2.8 53.1+4.6
IL-2, ng/ml 54.4+3.6 51.8+5.3 37.0+£5.2 59.6+3.7 54.5+3.6 34.1+2.7
IL-1ra, ng/ml 2.1+0.24 1.98+0.04 1.77+0.07 1.83+0.08 1.80+0.07 1.74+0.08
IL-10, ng/ml 1.11+0.23 1.10+0.21 1.01+0.19 1.26+0.21 1.25+0.19 1.19+1.62

Theresultsare expressed as M ean = SEM. A comparison the effect of the same serum concentrations between the two groups did

not show any statistical difference.



RRBS, 8(6) 2014

Meir Djaldetti et al.

217

Anti-inflammatory cytokinesat |ow serum concen-
trations

The secretion of 1L-10 or IL-1raby LPS-stimu-
lated PBM C was not affected by addition of 2.5 and
10% serum (p=0.89, p=0.12, respectively). Therewas
no significant differencein the secretion of thetwo anti-
inflammatory cytokineswhen PBM C wereexposed to
serafrom obese subj ects or from normal weight indi-
viduas(TABLE2).

Pro- and anti-inflammatory cytokinesat high se-
rum concentrations

Theresultsareshownin TABLE 3. Amongthepro-
inflammatory cytokinestested, higher level of IL-1
production was found when L PS-stimulated PBMC
wereincubated with 75% serum from obeseindividu-
alsascompared with that of non-obese persons (24%
increase, p=0.026). The production of TNFo, and IL-
6 wassimilar inthe presence of high concentrations of
serum derived from individua sfrom thetwo groups.
Ontheother hand the secretion of theanti-inflammeatroy
cytokinelL-10 by L PS-stimulated PBM C was signifi-
cantly lower by 43% when the cellswere incubated
with either 50% or 75% serum from obese personsas
compared with non-obese ones (p=0.03, p=0.015 re-

spectivey).
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NF-kappaB bindingto DNA and transcription of pro-
inflammatory genesregulated by NF-kappaB. Onthe
other hand, theinhibitor of NF-kappaB-beta (IkappaB-
beta) was decreased. Teran-Cabanillaset al.'* have
found elevated leve of the pro-inflammatory cytokine
IL-6 produced by PBM C from obese patients. Lacasa
et al.!*® havetreated preadi pocytes with macrophage-
conditioned medium and observed adeclinein adipo-
genesis, aswell asanincreased production of pro-in-
flammatory cytokines. Itisnotablethat thedterationin
number and activation of CD14(++) monocytes has
been detected in obese children aged 6-16 years'¢, as
well asthosewith dydipidemid™. Tamet d.8 reported
that whileat the age of eight therewasno differencein
serum cytokinelevel sbetween obeseand norma weight
children, infifteen- year-old girls, thelL-6, IL-8 and
IL-10 serum levelswere higher compared with those
of girlswith normal weight. Conversely, studieswith
PBM C from obese young adultswith aBMI of 28.3
did not reveal asignificant differenceininflammatory
cytokine production compared to | ean subjects™.
Theresults of the present study indicate that the
capacity for cytokine production by PBMC from nor-
mal weight individuaswasnot affected differently fol-
lowingincubationwithlow concentrationsof ether nor-
mal, or obeseindividuas’ sera. However, at higher con-

TABLE 3: Cytokineproduction by PBM C treated with higher concentr ationsof serafrom non-obeseand obeseindividuals.

Non-obese Obese P value Non-obese Obese P value
Serum conc. 50% 75%

TNFo, ng/ml 1.43+0.11 1.35+0.06 NS 1.12+0.06 1.18+0.06 NS
IFNy, ng/ml 57.3+6.4 59.2+0.11 NS NE NE

IL-1B, ng/mi 10.5+0.6 10.5+0.4 NS 15.8+1.07 19.56+0.76 0.026
IL-6, ng/ml 41.4+0.9 43.0+1.4 NS 48.5+3.2 51.9+3.1 NS
IL-2, ng/ml 10.3+1.0 12.2+2.5 NS NE NE

IL-1ra, ng/ml 1.05+0.09 1.07+0.07 NS 1.24+0.12 1.24+0.16 NS
IL-10, pg/ml 457+84 260+29 0.03 677+95 391+56 0.015

The results are expressed as M ean = SEM; NS- not significant. NE-not examined. P values express the difference at the same

serum concentrations between the two groups.76

DISCUSSION

Theevidencefor existenceof ardationship between
theimmunefunction of PBM C and apro-inflammatory
statein obesity has been well documented. In astudy
reported by Ghanim et a.[*¥ it was shown that mono-
nuclear cdlsfrom obeseindividua sexpressanincreased

centrations, serum of obeseindividuas caused asig-
nificant increase of the pro-inflammatory cytokinelL-
1B. This finding suggests the existence of noxious
factor(s) in the seraof obeseindividualswhose capac-
ity to affectinflammatory cytokinesproduction becomes
evident only at high concentrations. Thefact that weight
lossin obesewomen correlated with asignificant im-
provement of the pro-inflammeatory stateof their mono-
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nuclear cellg' supports this assumption. However,
sincethereisno way to examineinvivo theimmune
function of the PBM C from obeseindividual sbefore
and after their contact withtheserum, aswell asbefore
and after their passage through thefatty tissue, itisdif-
ficult to definitely concludeif theatered function of the
PBMC inobeseindividuasisinnateor acquired. Itis
noteworthy, that at the same concentrationsof serafrom
obese subjectsthe production of theanti-inflammatory
cytokinelL-10 wasdecreased. We have demonstrated
that PBM C from obese, but otherwisehedthy individu-
ds, showed amarked increasein the production of pro-
inflammatory cytokines, suchaslL-2, TNFoand IFNy,
whilethe secretion of the anti-inflammatory cytokine
IL-10waslowerd, Theinterpretation of these obser-
vationsleadsto the possibility that theimmunol ogical
dterationsobserved in PBMC from obeseindividuals
maly be acquired during their passageway through the
fatty tissueand their extensive contact with pathol ogi-
cal componentsin the periphera blood?”. One may
argue why in the present work only IL-1p was in-
creased, whilethe production of the other pro-inflam-
matory cytokinesexamined, remained unaffected. This
phenomenon may beexplained by thefact that the con-
trol PBM C wereincubated with serafrom obeseindi-
viduasfor 24 hours, atime period not comparablewith
the conditionsoccurring invivo. Theincreased IL-1
production by PBMC that occurred only after incuba-
tion with higher concentration of serafrom obese sub-
jectssustainsthisassumption. Thisconcept isfurther
supported by thereport of O’Rourke et al.?!! who have
found that thereisnot any correl ation between the se-
rum and PBM C cytokinelevelsin obeseindividuals
and suggested that PBM C may not be the source of
modified cytokineproductionin obesity. Thequestion,
what causesimmunol ogica PBMC activationin obese
personsisintriguing. Studies have shownthat inthis
sense, anumber of factorsmay beinvolved. Inare-
view on the subject Cancello and Clement!?® empha
sizetheroleof closeinteraction between the macroph-
agesinfiltrating the adiposetissueasareason for in-
creased production of inflammatory cytokines. Accord-
ing to Weisberg et al.[?2 adi pose tissue macrophages
areamost themain sourcefor TNF-o.and I1-6 expres-
sion, both being pro-inflammatory cytokines. Further-
more, invitro sudieshave shown that mononudear cells
interacting with adipocytesstimulated IL-6 production

by thelater cellS%. Exposureof immunecelsand neu-
trophilsto sex steroids, cholesterol and low density li-
poproteins have been further implied intheup regula
tion of inflammatory cytokinesin obesity!?*2, In addi-
tion, theroleof leptin, has been stressed asan impor-
tant factor for modulation of monocytefunctionin obe-
sty and particularly-generation of the pro-inflammeatory
cytokines|L-6 and TNF-a[26271,

In short, the results of the study indicate that the
capability of PBMC from obese patientsto produce
increased level of pro-inflammatory cytokinesis prob-
ably acquired during their contact with both thefatty
tissueand abnorma periphera blood ingredients.
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