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ABSTRACT

In this work, we determine the in vitro effectslibferent fatty acids (MUFA, n-3 PUFA and n-6
PUFA) on T lymphocyte proliferation, on membrangyfacid composition, and the secretion of
interleukins 2. The T lymphocytes were isolatedhfahildren’s blood, control and obese living
in Tlemcen area. These cells were incubated ingores of oils (fish oil, olive oil, and nigel oil),
and then stimulated by a “mitogen” agent (Concarim&A during 48 hours). At the end of the
treatment, the cells were counted and the surnageas used for interleukin 2 assay. The cells
were used for membrane fatty acid composition. ducgon of cell proliferation, basal or
stimulated by mitogen agent (Con A) was observaibase children compared to controls. The
presence of oils reduced the lymphoproliferatiool@se children as well as in controls. Indeed,
these oils, especially fish oil, decreased intede2. The fatty acid analysis by chromatography
showed that the presence of oils leads to changhamphospholipid fatty acid composition in
obese children and controls. All these resultsdatéd that fatty acids (MUFA, n-3 PUFA and
n-6 PUFA) can modulate lymphocyte T activity arelgbcretion of cytokines in obese children.

Keywords: infantile obesity, polyunsatured fatty acids, rieakins 2, lymphocytes T.

INTRODUCTION

The problem of childhood obesity has grown consildlr in recent years [1]The causes of
obesity are complex and include genetic, biologidahavioral and cultural factors [2].
Childhood obesity can lead to life-threatening atads including diabetes, high blood pressure,
heart disease, sleep problems, cancer, and otbarddrs. Some disorders would include liver
disease, early puberty or menarche, eating diserdech as anorexia and bulimia, skin
infections, and asthma and other respiratory problg3]. Studies have shown that overweight
children are more likely to grow up to be overweigtults [4].
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Many studies have also shown that obesity is agmtiwith a chronic inflammatory condition
characterized by increased circulating levels kg inflammatory proteins (CRP, fibrinogen,
etc..) and numerous cytokines inflammatory (TNFG Hnd leptin). The biological functions of
these adipokines and the consequences of the sgchedheir circulating concentrations suggest
that they may play a role in the establishmentdaglopment of many complications of obesity

[5].

Obesity is also accompanied by signs of immunecubgfcy characterized by atrophy of
lymphoid organs, a decrease of bactericidal agtivif phagocytes, impaired delayed
hypersensitivity reaction and increased susceftiitiifections [6].

The influence of fatty acids from dietary oils arflammatory and immune response has been
the subject of numerous studies. Polyunsaturatityl daids omega-3 (PUFA n-3) and omega-6
(PUFA n-6) have been particularly studied.

The addition of unsaturated fatty acids (AGI) idtere medium of immune cells or dietary
supplementation with polyunsaturated fatty acid6/KRs) affect various parameters of the
immune response [7], including lymphocyte prolifera response to mitogens [8], cytokine
production, NK activity and expression of surfacel@cules on T cells [9]Dietary n-3 PUFA
induce changes in membrane fatty acid compositipecially alterations in lipid raft
composition, membrane fluidity, receptor distribatiand the production of eicosanoids [10].
Thus, the immunomodulatory effects of polyunsaeddiatty acids (APGI) can be used in the
prevention and treatment of complications assodiaiéh obesity.

Therefore, the present study was undertaken tesasi vitro effects of three oils on the
proliferation of T lymphocytes, the fatty acid coosgion of their membranes, and the secretion
of interleukins 2.

The oils tested are fish oil, olive oil, and nigdl
MATERIALS AND METHODS

Subjects

A total of 26 control children and 20 obese chitdveere recruited from schools elementary and
middle of Tlemcen (Algeria). The study populatioasacomposed of childrdaged 6—14 years).
Height and weight were measured according to iatenal standard€Obesity is defined by
calculating the body mass index (BMI weight/heigtkg8/m2) from the BMI curves that are in
the health records. Children whose BMI is above %i¢h percentile of BMI curves were
considered obese. Children's parents completedf-adsainistered questionnaire that provided
information on general family background charastess and children's physical activity.
Children's dietary intake was measured using a 8#etary recall. The characteristics of study
population are given in table 1.

Laboratory Methods

Lymphocyte Proliferation Assay

Peripheral blood lymphocytes were isolated fromahnigized venous blood using differential

centrifugation (400g for 40 min) on a density geadiof Ficoll-Paque (pharmacia biotech, UK).
The peripheral blood lymphocytes (PBL) at the ifstee of plasma and Ficoll-Paque were
collected and washed twice with RPMI 1640 cultudiam (Gibco, USA). After washing and

counting, the cells were resuspended in a tissutureumedium at 4x10cells/ml. For
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proliferation assay, 4x®Qcells were cultured in triplicate in 200 pl of medi RPMI 1640
containing 25 mM HEPES buffer supplemented with 1@8at-inactivated fetal calf serum, L -
Glutamine (2mM), penicillin (100 Ul/ml) and streptgcin (100 pg/ml) with or without
concanavalin A (Sigma, St Louis, MO) at a final cemntration of 5 pg/ml. This concentration of
Con A was found optimal to activate T cells (reswdt show). Cultures were performed in 96-
well flat-bottomed microtiter plates (Nunc, Pafisance) and maintained at 37C° in humidified
5% CQ atmosphere for 48 h. This culture time was optifoalcytokine secretion. The cells
were incubated in the presence of three oils iremtd evaluate their effects on lymphocyte
proliferation. The oils tested are fish oil, olig#, and nigel oil.

Table 1 Characteristics of the study groups

Controls Obese Children

Number 26 20
Sex (male / female) 14/12 12/8
Age (years) 9.85 +0.63 10.30 +0.27
Height (m) 1.42 +0.02 1.40 £0.02

Weight (kg) 34.21 £1.73 53.30 £1.88 ***
BMI (kg/m2) 17.03 +0.50 26.07 £0.53 ***
Values are means= SD. The significance of diffeesrizetween two groups was determined by Studdess tP<
0.05; *** P <0.001, obese subjects versus conti®il body mass index

The stock solution of each oil at 10 mM TG was prasly prepared in absolute ethanol and is
kept at -20 C ° until use. From each stock solytersolution of 300 uM TG is used for the

various incubations. After incubation, cells werarndested by washing with RPMI 1640

medium. Cell viability was monitored by direct cebunts, and confirmed by [3-(4,5-Dimethyl

thiazole-2-yl)-2,5-diphenyl tétrazolium bromide] NI, Sigma) assay as descripted by
Mosmann [11].

Interleukin-2

Aliquots of culture supernatants were used to dtaatiL-2 by using commercially available
ELISA kits (Genzyme, Cambridge, MA, USA), as perstinctions furnished by the
manufacturer. The results are expressed as pg/ml.

Analysis of Lymphocyte Phospholipid Fatty Acids

Lipids from T lymphocytes extrated according to theethod of Bligh and Dyer [12].
Phospholipids were separated silica gel by thin layer chromatography. Fattidacomposition
was analysed by gas-liquid chromatography as pusiyaeported13].

Statistical Analysis

Data are expressed as mean + SEM. Statistical sisalere carried out using STATISTICA
(version 4.1, Statsoft, Paris, France). The sigaifce of the differences between two groups was
determined by Student’s t test. Multiple comparsarere performed using ANOVA followed
by the least significant difference (LSD) test. €5 was considered to represent statistical
significant differences.

RESULTS AND DISCUSSION
To gain further insight into the immunomodulatoffeets of fatty acids, the present study was

conduced to examine in vitro proliferation of T Ighocytes from obese children and from
healthy subjects, cultured with fish oil, olive,ahd nigel oil.
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Our study was performed dymphocytes of obese children and contml$tured in vitro in the
presence or absence\@rious edible oils to determine abnormalitieslginphocyte functio in
obesity and effects gdfolyunsaturate fatty acids (PUFA ) on theroliferation ot T lymphocytes,
the fatty acid composition dfieir membranes, and the secretionnbérleukin: 2.

The oils tested are: fish oil rich in polyunsatechfatty acids (PUFA), the most important
eicosapentaenoic acid (EPA) adocosahexaenoic acid (DHA), olive oil rich in ol@icid , anc
nigel oil rich in linoleic and oleic aci

Effects of fatty acids on T cell Blastinogen:

Figure 1 shows that mitogen induced cell prolifierat as expressed by cell number, \
significanty diminished in obese children, as compared totrotsn Con A, a T ce-specific
mitogen, significantly stimulated lymphocyte preli&tion in both obese and control subje
Addition of insuline to culture medium potentiat€dn A-stimulated T cell prliferation in all
groups.
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Fig. 1 Resting and mitogerstimulated T cell proliferation in obese and contrd subjects. 4x1¢ cells per well
were incubated in 96 well microplates in the presare of concanavalin A (Con A, 5ug/ml) an insulin (Is,
5ug/ml). Cultureswere performed in triplicate for 48h. Proliferation was monitored by direct cell counts, anc
confirmed by MTT method. The values are mean = SEfdrip licate assays of subjects composed of followil
numbers: controls, 26; obese children, 20. The gnificance of the differences between two groups w.
determined by Student’st test. Multiple comparaisons were performed using ARVA followed by the least
significantly difference (LDS) test. The values irobese children are significantly different (*P< (.05; **P<
0.01; *** P <0.001)as compared to respectiv control subjects in each incubationa, b, c, d denote significant
differences between different incubations within group (P< 0.0Y).

Several studies have shotrai obese people had Iguvoliferative respons through the mitogen
[14-16].

The reduction ircell proliferatior observed in obese children maypdeetly relate to a state of
insulin resistance. In factnsulin modulates cell differentiation andgmphocyte proliferatio
[17]. Moreover, our resultshow that insulin, addedb the incubation mediu, potentiates the
effect of mitogerand proliferation ¢ T and B lymphocytes.

Some studies have showhal DHA, EPA, oleic acid, linoleicacid ant inhibit in vitro
proliferation of lymphocyte stimulated by mitogens. Thisnhibition depends on the
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concentration and degree of unsaturation of thg &atid used. Most fatty acids are inhibitors of
the n-3 [18].

This is in the same direction as our results, stheghree oils used (fish oil, cumin oil, olive)pi
fish oil is more immunosuppressive in obese chiidrad witnesses in the presence of mitogen
(Fig.2). Several studies have shown that EPA and DHA inHimitphocyte proliferation by
inhibiting the activity of MAP kinase [19].

357 q O Control shjects
30 - = d BObese children
*k% C
—~ b T
© 25 - = b c
E **% ok
)
2 20 a ?
N *
3
€ 15 - a
>
c
T 10 -
O
5 4
0 T T T 1
Control Con A + Fish oil Con A+ Nigel oil Con A + Olive oil

Fig. 2 Effects of fish oil, olive oil, and nigel dion mitogen-stimulated T cell proliferation in obese and control
subjects. 4x18 cells per well were incubated in 96 well microplate in the presence of the following agents:
concanavalin A (Con A, 5ug/ml), fish oil (300 uM TG, olive oil (300 pM TG), nigel oil (300 uM TG), isulin
(Ins, 5ug/ml). The values are mean = SE of triplide assays. The values in obese children are sigo#ntly
different (*P< 0.05; **P< 0.01; *** P <0.001) as cenpared to respective control subjects in each incwdion. a,
b, c, d denote significant differences between differenhcubations within a group (P< 0.05)

Tableau 2: Production of interleukin 2 (IL-2) by stimulated lymphocytes from control children and obes
children

Control children (Pg/ ml) Obese children(Pg / ml)

Basal proliferation 558.34 + 66° 498.83 + 59.01°
Con A 4235.89 + 255° 203455 +111°%+*
Con A + Insulin 6752.33 + 377.27 3771.54 + 349.14 *
Con A + Fishoil ~ 975.38 + 155.32 1502.17 + 165.14 *
Con A+ Nigel oil 2679.56 + 345° 1893.44 + 246° *
Con A + Olive oil 3250.94 + 337.04 2404.39 + 301.95 *

Values are means + SE. Total of 4x&6lls per well were incubated in 96 well micropkate the presence of the
following agents: concanavalin A (Con A, 5ug/mghfoil (300 uM TG), olive oil (300 uM TG), nigel (800 uM
TG), insulin (Ins, 5pg/ml) in triplate assays. Bint letters (a, b, ¢, d) denote significant ddfeces between
different incubations within a group (P< 0.05).
* Comparison between obese and control groups *F350

Effects of fatty acids on Interleukin- 2 (IL-2) Eation

Obesity not only affects the functionality of imneurells but also their pattern of cytokine
secretion (20). Indeed, our results show that tbduyxtion of IL-2 by lymphocytes stimulated by
mitogens is low in obese children compared to abnthildren (Table 2)A deficit in the
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production of IL-2 or the expression of their mear® receptors may lead to the low
proliferative response observed in obese children.

Our results also show a reduced production of hy2ymphocytes stimulated in the presence of
oils mainly fish oil in children and obese contrdEPA and DHA inhibit the production of
proinflammatory cytokines: IL-6, IL-1 and TNd;- however, this effect is not observed with
polyunsaturated fatty acids (PUFAS) of n-6 serigss inhibition is likely due to incorporation
into the membranes of mononuclear cells [21].

Fatty Acid Composition of Lymphocyte Phospholipids

The basal fatty acid composition of phospholipidlyhphocytes from obese childrens was
significantly different from that of controls (Tabl3). In fact, obese childrens showed a
significant increase in the proportion of C16 :rila significant decrease in the proportion of
C20 : 4n -6 in their lymphocyte phospholipids ampared to controls.

The reduction of C20: 4n -6 obese children maydbated to a state of insulin resistance, since
insulin stimulates the activity of desaturases.t@nother hand, the reduction of C20: 4n -6 may
be due to increased use of this fatty acid by ppeagtes during their differentiation into
adipocytes [22].

Lymphocytes stimulated with Con A showed a sigatficincrease in the proportion of C18: 1
and a significant decrease in the proportion of C@éand C18 : 2n-6 compared to basal fatty
acid composition, in both obese and control groups.

Changing the membrane composition is one mechabigmwhich PUFA may modulate the
inflammatory response [23]. Thus, incubation inpinesence of nigel oil rich in linoleic acid (n-
6) increased arachidonic acid content of mononudebls. In contrast, incubation of cells in the
presence of fish oil (n-3) decreases the productibrmetabolites of arachidonic acid and
promotes the production of metabolites of n-3.

Table 3 Fatty acid composition of lymphocyte phospilipids in obese children and control subjects

Controls Obese

16:0

Basal 34.41+160 37.74+1.05*%¢
Con A 27.78 +1.19 30.95+ 1.24*°
Fishoil 28.82+1.23 30.99+1.50°¢
Nigel oil 23.96+1.12 25.52+1.10¢,°
Olive oil 24.26+1.14 27.93+1.16,°

16:1
Basal 03.07 £0.4%  02.06 +0.3¢
Con A 05.12 +0.54  04.60 + 0.3%
Fishoil 05.32+0.44 03.61+0.32
Nigel oil 02.36+0.28  02.10+0.2%
Olive oil 02.35+0.2f 02.21+0.2%
18:0

Basal 19.60+1.16 18.77 +1.02
Con A 23.66+1.16 24.03+1.20
Fishoil 16.12+0.3% 16.08 + 0.36
Nigel oil 17.48 +0.3%  18.77 + 0.34
Olive oil 1855+0.52 17.42+0.32
18:1

Basal 14.74 +1.12 1524 +1.19
Con A 1756 +1.22 17.37+1.2%
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Fishoil 16.75+1.28  16.32+1.1%
Nigel oil 17.82+1.14 17.63+1.1%
Olive oil 3254+1.2%5 31.84+1.29
18 : 2n-6

Basal 17.14+1.22 1736+ 1.18
Con A 14.71+1.12 14.42 +1.08
Fishoil 16.11+1.23 1851+1.2F
Nigel oil 31.86+1.2%  30.26 +1.29
Olive oil 1278 +1.24 13.65+1.2¢
20 :5n-3

Basal 01.54 +0.46  01.32+0.3%
Con A 01.73+0.52 01.54 +0.4%
Fishoil 08.20+052 07.62+0.47F
Nigel oil 01.33+0.22 01.32+0.2%
Olive oil 01.41+0.2% 01.35+0.2%
22 :6n-3

Basal 01.21+0.38  01.24 +0.39
ConA  01.62+0.46 01.46+0.44
Fishoil 03.56+0.2f 03.42+0.24
Nigel oil 01.09+0.2%  01.24 +0.36
Olive oil 01.19+0.4% 01.21+0.22

Values are means = SE. values are expressed aarjiage of total fatty acids. Total of 4Xtells per well were
incubated in 96 well microplates in the presenctheffollowing agents: concanavalin A (Con A, 5uly/fish oil
(300 uM TG), olive oil (300 uM TG), nigel oil (31 TG), insulin (Ins, 5ug/ml) in triplate assaystfy acid
composition was determined in resting lymphocyédere any addition (basal), after mitogen additi@on A), and
after oil addition (fish oil, olive oil, and nigeiil). Values with the same letter are not signifitta different.

Comparison between obese and control groups *P$0.0
Different letters (a, b, ¢, d) denote significaiffetences between different incubations withirreug (P< 0.05)

Arachidonic acid is the most represented in the brames. Thus, it is the main substrate for the
synthesis of eicosanoids: leukotrienes of seriasdt5-HETE, prostaglandins and thromboxanes
of series 2. Eicosanoids are involved in modulatimg intensity and duration of inflammatory
responses. Arachidonic acid content of inflammataiis is strongly correlated with their ability
to produce eicosanoids such as prostaglandin B2 [24

In conclusion, the present study demonstrates dhidhood obesity is associated to in vitro
reduced T lymphocyte proliferation, IL-2 secretiand altered fatty acid composition of T
lymphocyte membrane phospholipids. The lymphocgfesbese children respond to the effects
of fatty acids in the same way that cells of castrehowing the immunomodulatory role of
these PUFAs. However, cells of the obese are moseeptible to the effects of PUFAS,
especially n-3 family, which tend to enhance lymptie proliferation. The beneficial effects of
n-3 PUFA on T cell functions in Childhood Obesityutd be attributed to their suppressive
action and modulation of cytokine secretion.
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