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SUMMARY

Human adipose tissue is a highly active endocrine
organ secreling more than 100 soluble prod-
scts.called adipokines,and adipose tissue hor-
mones adding to fatty acids and prostaglandins.
The most important polypeptide adipose tissue
derived hormone is leptin. Previous studies re-
ported many functions of leptin as a metabolic
and energy storage hormone. Recently leptin rep-
resents a link between the endocrine and immune
systems. That is affected by discases, nutritional
\talus. starvation and other factors, The current re-
port reviewed the immune function of adipokines
with special focus on leptin and its mode of action
normally and in some diseases.
The current report highlighted and concluded the
following medical aspects:
“ Adipose tissue has a potent effective immune
function because of the similarity of its cylo-

kines secretions and cylokines existed between

adipose tissue is a real medical endocrine wealth- Leptin is immune, protective and the
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rapeutic

those of immune cells.
- Leptin has an immune stimulating and regulat-

ing effect with a direct action on immune cells

to produce cytokines
- Leptin could be used as useful marker of dis-

ease activity and responsc to therapy.
-Leptin is a beneficent therapy to recover the im-

munity in some leptin-deficiency diseases and
in preventing the induced thymus apoplosis.
and adiponectin protect islet B-cells against
apoptosis and in obesity. where no leptin pro-
duction because of the mutation in the obese

gene, where there is impaired cellular immuni-
ty and thymus.
-However, disturbed leptin and adipocytokines
expression and secretion (elevated circulating
levels as in obesity and low leptin level as in
cancer and malnutntion) may be contribute 10
risk complications.

“The use of leptin and adipocytokines therapy 10

modify their levels in patients is promising tool
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for the treatment and prevention of complica-
tion risks. Recently, many results revealed that
saturated and unsaturated fatty acids are more
elfective in modulating leptin levels, this may
be a useful practical tools, if further studies
were done considering immune parameters and

factors affecting leptin level.

INTRODUCTION

Adipose tissue in human is a highly active endo-
crine organ . (Guerre - Millo, 2002 ;Prins, 2002;
Kershaw and Flier, 2004, and Krysiak et al.
2005). It plays an active role in energy balance
(Klaus, 2004) because it is not only a lipid storing
and mobilizing lissue but also consists of func-
tionally specialized tissues able to produce heat in
brown adipose tissue and to produce or release a
vast number of so called adipokines, adipocyto-
kines or adipose tissuec hormones. These tissues
consist of polypeptides which are metabolically
active molecules belonging to different functional
categories like immunity (complement factors,
haptoglobulin), endocrine function (leptin, sex
steroids, various growth factors) metabolic func-
tion (fatty acids, adiponectin , resistin) and car-
dio-vascular function (angiotensinogen) fatty ac-
ids and prostaglandins. To date more than 100
products of adipose tissue are carried by the blood
(systemic level) or remain attached to the endo-
thelium of capillaries around the adipose cell

(local) e.g. the lipoprotein lipase.
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The most studied substance produced by adipose
cell is the leptin, a protein , made of 164 aming
acids (Junqueria and Carnciro, 2003), which iy
discovered in 1994 Zhang ct al., (1994). Leptin
molecule, participate in the regulation of the
amount of adipose tissuc in the body and in food
ingestion, It acts mainly in the hypothalamus to
decrease food intake and increase energy con-
sumption (Mantovani et al. 2001, Siegmund et al.

2002 and Huanre, 2005).

It has an important role in hemopoiesis within the
bone marrow environment, leptin regulation by
these apheliotropic cytokines could contribut to
controlling the proliferation and differentiation of
hemopoietic precursors as well as the maturation
of stromal cells (Laharrague, et al.,2000). In re-
production, leptin has equal potency as LHRH to

release gonadotropin by nitric oxide.

GnRH-III specifically releases FSH in rats and
cows (McCann et al. 2001), lactation (Holtenius
et al ,2003), cardiovascular function and immuni-
ty (Krysiak et al. 2005) .The endocrine function
of adipose lissue , especially that of leptin is
linked to energy storage and this might provide
insights into obesity and other diseases associated

with energy imbalance (Ahima, 2005).

Leptin regulates immunity and inflamation (Sieg-
munt et al. 2004), Now it has a modest immunc¢
modulatory effect
(Oralea et al. 2006).

in hypoleptinemic  human
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Leptin is an adipocyte derived hormone repre-
£

s 8 functional link between the endocrine and
" .

""”u"myhlt‘lll (Kaser et al. 2002), (Siegmund et
I

| (02) and (Matarese ct al. 2002),

This report aimed 1o review some of recent topics
ol mlipukinc and cytokines with special focus on
feptin that may be of particular importance for im-

qunity and to know whether there was a possibil-
ity usage of leptin as a benefit therapy to improve
immunity. Alternatively, it has a protective role or

as discases markers?

Glossary:

(ytokines: Sccreted proteins that function as me-
diators of immune and inflammatory reactions. In
innale immune response, cytokines are produced
hy macrophages and natural killer (NK) cells and,
i adaptive immune responses, mainly by T lym-

phocytes.

Interferon (IFN-gamma): A cytokine produced
by T-lymphocytes and natural killer cells whose
principal function is to activate macrophages in
both innate immune responses and adaptive cell
mediated immune responses. (In the past, IFN
*avalso called immune or type Il interferon.)

Interleukin: Another name for a cytokine, origi-
ally used 10 describe a cytokine made by leuko-
s, that acts on leukocytes. It is now generally
“¢d with a numerical suffix to designate a struc-

fally defined cytokine regardless of sourcc Of
largey,

Vel M,
M (l..l..GI7,;.|.V1)I.54.N0,4(2006)

Interleukin-1 (IL-1): A cytokine produced main-
ly by activated mononuclear phagocytes whose
principal function is to mediate host inflammatory
responses in innate immunity. There are (wo
forms of IL-1 that bind to the same receptors and
have identical biologic effects. including induc-
tion of endothelial cell adhesion molecules, stimu-
lation of chemokine production by endothelial
cells and macrophages, stimulation of synthesis of

acute-phase reactants by the liver, and fever.

Interleukin-2 (IL.-2): A cytokine produced by
antigen activated T cells that acts in an autocrine
manner to stimulate T cell proliferation and also
polentates  apoptotic  cell  death of antigen-
activated T cells. Thus, IL-2 is required for both
the induction and regulation of T cell-mediated
immune responses. 1L-2 also stimulates prolifera-
tion and differentiation of natural killer cells and
B cells.

Interleukin-3 (IL-3): A cytokine produced by
CD4+ T cells that promotes the expansion of im-
mature marrow progenitors of all blood cells. IL-3
is also known as multilinecage colony-stimulating
factor. (multi-CSF).

Interleukin-4 (1L-4). A cytokine produced main-
ly by the TH2 subset of CD4+ helper T cells
whose functions include inducing differentiation
of TH2 cells from naive CD4+ precursors, stimu-
lation of IgE production by B cells, and suppres-

sion of interferon- gamma -dependent macro-

phage functions.
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Interleukn-5 (IL-5): A cytokine produced by
CD4+ TH2 cells and activated mast cells, which
stimulates the growth and differentiation of cosin-

ophils and activates mature eosinophils.

Interleukin-6 (IL-6): A cytokine produced by
many cell types including activated mononuclear
phagocytes. endothelial cells, and fibroblasts,
which functions in both innatc and adaptive im-
munity. IL-6 stimulates the synthesis of acute
phase proteins by hepatocytes and stimulates the

growth of antibody-producing B-lymphocytes.

Interleukin-7 (IL-7): A cytokine sccreted by
bone marrow stromal cells that stimulates survival

and cxpansion of immature precursors of B and T

lymphocytes.

Interleukin-8 (IL-8): A cytokine secreted by ker-
atinocyte, fibroblasts, monocytes IL-8 stimulates

the neutrophil chemotaxic and activation.

Interleukin-9- (IL-9): A cytokine secreted by T
cells 1L-9 stimulating proliferation of T cells.

Thymocytes, mast cells.

Interleukin-10(IL-10): A cytokine produced by
activated macrophages and some helper T cells
whose major function is to inhibit activated mac-
rophages and therefore maintain homeostatic con-

trol of innate and cell mediated immune reactions.
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Interleukin-12 (IL-12): Cytokine produced by
mononuclear phagocytes and dendritic cells tha
serves as a mediator of the innate immune re.
sponse to intracellular microbes and is a key jj.
ducer of cell-mediated immune responses (o these
microbes. [L-12 activates natural Killer (NK)
cells, promotes interferon- gamma production by
NK cells and T cells, enhances cytolytic activity
of NK cells and cytolytic T lymphocytes, and pro-

moles the development of THI cells.

Interleukin-15 (IL-15): A cytokine produced by
mononuclcar phagocytes and other cells in re-
sponse to viral infection whose principal function
is to stimulate the proliferation of natural killer

cells. Structurally, it is similar to interleukin-2.

Interleukin-18 (IL-18): A cytokine produced by
macrophages in response to LPS and other micro-
bial products, which functions together with IL-
12 as an inducer of cell-mediated immunity. IL-
I8 synergizes with interlcukin-12 stimulating the
production of IFN- gamma by natural killer cells
and T cells.

Major Histocompatibility complex (MHC-I) :
proteins on surfaces of all body cells
Major Histocompatibility complex (MHC-11):

proteins on surfaces of some immune cells.

CD4: Signaling and adhesion co-receptor in class

MHCclass-Il restricted antigen-induced T cell

Vet.Med.J.,Giza.Vol.54,No.4(2006)
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sclivation (binds to class I MHC molecules); thy-
mocyte development; primary receptor for HIV

“:“—"\’iru.‘lcs.

Ccn8 (alpha &beta): Signaling and adhesion co
jeceptor in MHC class-1 restricted antigen-
induced T cell activation (binds to class | MHC

molccules): thymocyte development

Thi cells: A functional subsel of helper T cells
that secretes a particular set of cytokines, includ-
g interferon- gamma and whose principal func-
tion is to stimulate phagocyte-mediated defense
against infections, especially with intracellular

microbes.

Th2 cells: A functional subset of helper T cells
that secretes a particular set of cytokines, includ-
ing IL-4 and IL-5, and whose principal functions
are (o stimulate IgE activation of macrophages,
and to counteract the cffects of pro-inflammatory

cylokines.

Tumor necrosis factor (TNF-alpha ) : A cyto-
kine produced mainly by activated mononuclear
Phagocytes that functions to stimulate the recruit-
"ent of neutrophils and monocytes to sites of in-
lection and 10 activate these cells to eradicate mi-
“bes. TNF stimulates vascular endothelial cells
' express adhesion molecules and induces mac-

10phaoee g
Phages and endothelial cells to secrete chemo-
klnc
N

Ver
Med.J..Giza.Vol.54.No.4(2006)

Natural killer (NK) cells: A subset of bone mar-
row-derived lymphocytes, distinct from B and T
cells, that function in innate immune responses 10
kill microbe-infected cells and 1o activate phagoc-
ytes by secreting interferon- gamma NK cells do
not express clonally distributed antigen receptors
like immunoglobulin of T cell receptors, and their
activation is regulated by a combination of ccl:
surface stimulatory and inhibitory receptors, the
latter recognizing self MHC molccules.

(Junqueria and Carneiro, 2003 and Abbas and
Lichtman, 2004)

Sources of leptin: Leptin hormone sccreted
mainly by adipose tissues (Laharrague et al. 2000,
Chatzantoni el at., 2004 and Unno el at., 2006). It
is also produced by preadipocytes upon TNF-
alpha or IL-1 beta stimulation. That preadipocytes
could contribute more to total circulating leptin
levels than has been previously considered espe-
cially in discased conditions were these pro-
inflammatory factors play a prominently role. (Si-
mons et al. 2005).

There are non adipose tissue produce leptin has
been reported such as human scalp hair follicles
papilla cells and express the functional leptin
receplor in vivo and vitro suggestion its autocrine
function (Iguchi et al. 2001). The placenta and the

stomach secrete it also (Fujita ct al. 2002)

Leptin is a product of obese ob gene (Wicland et
al. 2005).More recent result reported that the
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source of these secreted factors is not only mature
fat eells but also poorly - identified cell present in
the stromal - vascular fraction including macro-

phages (Hauner. 2005).

Leptin receptors:

Leptin receptor is expressed not only in the cen-
tral nerve system but also in other cells and sys-
tems such as somatotrophs (Cai and Hyde, 1999),
reproductive, hematopoietic tissues (Martin et al.
2000). macrophages (Raso et al. 2002) and hypo-
thalamus. Leptin acts partly on the long isoform
ol 1 receptors on T-lymphocyte (Siegmund et

al. 2004), mainly on T-helper lymphocyte.

In addition to leptin, there are other a adipo-
kines, adipocytokines and hormones are pro-
duced by adipose tissue.

Adipose tissue produces and releases a variety of
proinflammatory and anti-inflammatory factors
(IL-1 receptor antagonist) including the adipo-
Kines leptin adiponectin, resistin (Milan et al.
2002) and visfatin (Little is known regarding the
chinical relevance of visfatin). But recent research
has revealed many functions of adipocytokines
cxtending for beyond metabolism, such as immu-
nity. cancer and bon formation (Koemer et al.
2005). As well as cytokines and chemokines such
as TNF-ulpha, IL-6 monocyte chemottractant pro-
tein 1. and others (Juge-Aubry et al. 2004, Kraus
ct al. 2005 and Matares et al. 2005). In addition to

the above production there are more secretions
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from adipose tissue include acylation .\limulntinn
protein (ASP), plasminogen activator inhibitgr. |
(PAI-1), angiotensinogen, complement compy.
nents, adipsin, in addition to fatty acids ang Pros.
taglandins. Adipose tissue is also a major sj(e for
metabolism and production of sex steroids and
glucocorticoides. (Gunerre-Millo, 2002, Kershay,

and Flicr, 2004 and Krysiak et al. 2005).

It should be notice that above adipose tissue .
cretions are similar with those of immune cel] se.

cretions (cytokines).

Immunity and leptin hormone: The immunores.
ponse to many infections have long been known
to share features with autoimmune responses,
These observation could be explained partly by
taking into consideration the immune effects of
the adipocyte derived hormone leptin, which has
been shown recently to acts as a link between nu-

tritional status and the immune response (Mata-
rese et al. 2002).

Palacio et al. (2002) suggested an association be-
tween the increase in leptin and immunological
recovery observed following refeeding of mal-
nourished infants. In the absence of leptin, immu-
nity is suboptimal (Lord et al. 2002). Leptin can
also modulate immune and inflammatory re-
sponse, the role of leptin in intestinal inflamma-

tion was focused in study of (Siegmund et al.

2002).The product of the obesc gene, leptin, can

Vet.Med.J.,Giza.Vol.54,No.4(2006)
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aly influence T-cell function and explored the
et
\

e ol leptin in the development of spontancous
|:l“""""uni|y in the Nona obese diabetic mouse,
.:“ nimal mellitus (type 1 diabetes), leptin can fa-
I\‘nul' pro-inflammatory cell response and directly

luence development of autoimmune discase
in

diated by Th-1 response (Matarese et al. 2002).
medh

\lechanism of leptin action on immunity:

I usually via T lymphocytes, macrophage and cy-

ohmes

A)T-lymphocyte:

Leptin is a peptide hormone regulates immune re-
sponse. ils receptors found on hypothalamus and
it acts partly on the long isoform of it receptor ex-
pressed on T-lymphocytes, promoting T helperl
and by influencing the production of cytokines.
(Matarese et al. 2001, Sicgmund et al. 2004 and
Angelucci et al. 2005). Reduced leptin levels
might predispose to increased susceptibility to in-
lection caused by reduced T-cell responses in
malnourished individuals. Altered adipokine lev-
¢l have been observed in variety of inflammatory
conditions, although their pathogenic role has not
been completely clarified (Matarese et al. 2005).
On-other hand, (Sennello ja et al. 2005) reported
hat lepfin increases susceptibility to hepatotoxici-
W by regulating cytokine production and T-cell
{Clivation, Adiponectin protects hepatocytes from
TNF dlpha-induced death.

CL.Mp
Med.J. Giza . Vol.54.No.4(2006)

Although it is known that leptin stimulates T-cell

immunity and also T-cell mediated immune re-

sponse is critical in the outcome of chronic hepa-

titis B virus infection (Selimoglu and Ertekin,
2005). Leptin produced by adipocytes increases
Th-1 dependent. Immunostimulation and autoim-
mune diseases (Blcau ct al. 2005). But some find-
ings show an inverse relationship between leptin
secretion and the frequency of T cells relapsing-
remitting multiple sclerosis (RRMS) and may
have implications for the pathogenesis of and
therapy for multiple sclerosis (MS). In leptin-
deficient ob/ob mice, an animal model for nonal-
coholic fatty liver disease and nonalcoholic stea-
tohepatitis, insufficient norepinphrine increases
hepatic natural killer T-cell proinflammatory cy-
tokine polarization. (Li and Dichl, 2003)

B) Mononuclear phagocyte:

White adipose tissue is no longer considered an
inert tissue mainly devoted to energy storage but
is emerging as an active participant in regulating
physiological and pathological processes includ-
ing immunity and inflammation. Macrophages are
components of adipose tissue and actively partici-
pate in its activities. Further more cross talk be-
tween lymphocytes and a dipocytes can lead to
immune regulation. Possible molecular mecha-
nisms of modulation by leptin of phagocytes ac-
tivity, oxygen - dependent microbicidity, and ni-
tric oxide generation by mononuclear phagocytes

arc analyzed, as well as the role of leptin in the
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formation of produced cytokine pattern.( Meier et
al. 2003, Fantuzzi ." Fantuzzi et al. 2005 and
Shirsher and Orlova, 2005)

C) Cytokines:

Many studies clarified the relationships between
cytokines and leptin's effect on immunity.
Cytokines serum levels of inflammatory markers

and other cytokines important in the T helper cell

response.

Stepwise regression analysis showed that there
were a significantly positive correlations between
IL-1 beta and IL-6, IL-1 beta and nitric oxide, IL-
4 and tumor-necrosis factor(TNF)-alpha. IL-4 and
leptin. IL-8 and IL-2, and interferon (IFN)-
gamma and [L-6, as well as significantly inversed
corrclations between IL-6 and IL-2, IL-8 and in-
terleron-gamma, and leptin and TNF-alpha in sib-
lings not in the children with diabetes. However,
there were significantly positive correlations be-
tween [L-2 and IL-4, IL-2 and leptin, IL-4 and IL-
6. and TNF - alpha and IL-6 in children with dia-

beles.

Alterations in circulating IL-8 and nitric oxide
levels and cytokine network in children with dia-
betes may be associated with cardiovascular dis-
case in their adulthood. (Lo et al. 2004).The effect
of proinflammatory i.e. interleukin (IL-1 beta, IL-
6. interferon (IFN)- gamma, and tlumor necrosis
factor (TNF-alpha) versus anti-inflammatory cy-

tokines (i.e. IL-4), IL-10 and transforming growth
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factor (TGF)-beta 1) on leptin and adiponectip se.
cretion during in vitro human adipogenesis have
studied by (Simons et al. 2005) who found tha
INF-gamma strongly reduced leptin production
Leptin level was an independent risk factor for
INF resistance namely, a high level of serum lep-
tin attenuated the effect of IFN on both male and
female patients with low viremia. High serum lep-
tin level is negative predictor of response to antj-
viral treatment in chronic hepatitis ¢ with low v;.
remia. (Eguchi et al. 2006).

Inhibition of leptin secretion that had been in-
duced by the IFN-gamma-lipopolysaccharide LPS
mixture. It is likely therefore that nitric oxide
(NO) mediates down regulation of leptin caused
by the IFN-gamma-LPS mixture in 3T3-LI adi-
pocytes, which suggests an important role for NO
in adipocyte function (Unno et al. 2006).The ben-
cficial effect of IFN-beta on some secondary pro-
gressive multiple sclerosis (SPMS) patient might
be associated with the reduced levels of leptin and
reduced IL-6 production by SPMC (Angelucci el
al. 2005). Leptin replacement restored the reduced
INF-gamma response observed in ob/ob mice
(Wedland et al. 2005). That the CBA4P isolate re-
duces levels of leptin in SJL mice, leading to low-
er INF-gamma production. There fore the CBA4P
isolate of L.acidohpilus is a promising new probi-
otic strain for the control of the inflammatory dis-
cases ( Bleau et al. 2005).

The role of leptin, adiponectin, the growth

Vel.Med.J..Glza.Vol.54.No.4(20061
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one avis. glucocorticoides, sterol response
‘,;L.".cnl pinding protein 1¢(SREP-1C), the tumor
-‘-u‘l«‘-‘i‘ factor alpha axis (TFN-alpha), Interleu-
:t,,.(, (1L-6). Interlcukin-18 (1L-18), interferon-
dlpha (IFN-alpha) tissue 'plnmninogcn activator
(TPA). and plasminogen activator inhibitor (PAI-
1) in the pathophyiology of lipodystrophy (LD)
were studied. Adiponectin levels are generally de-
ceased in LD, whereas leptin levels are in-
creased. While some cytokines show promise as
markers for LD, it is difficult to tell whether their
derangement is a cause of the effect of LD
(Krause et al. 2005). Although the higher leptin
value observed in children with ETR was not sta-
istically significant, because of close interactions
between leptin, cytokines and lymphocytes, it is
thought that leptin should be investigated as a pre-
dictive factor of ETR in further studies (Selimo-

gluand Ertekinv, 2005).

D) Leptin acts by humoral immunity also, It
Gn serve as neuroendocrine signal between body
lat and immunity regulating humoural immune re-

*Ponse (Demas and Sakaria., 2005).

" . sed as a
Can alterations in leptin levels be used a

. o« ® 1) nse
Marker for some diseases activity and respo

" therapy?

i pharm ical
Gordeladze ¢y al, (2001) there 18 pharmacologic
inlcrl‘crt‘ncc showed with wranscriptional control

" osteoblasts, a possible role for leptin and fatty

e vy 1rength and body lean
1Ads in maintaining bone Streng

006)
Vet Med.u. .Giza.Vol.54-N°"“2

mass. (Widjaja et al. 2001) reported that bound
leptin levels are elevated in patients with hepatitis
C and decrease during antiviral therapy, suggesi-
ing cither a direct interferon-dependent effect on
the leptin system or an alteration of other leptin
secretagogues  (Sigmund et al.2002).  Leptin-
deficiency, not obesity is responsible for protec-
tion from Con-A-induced hepatitis in mice. Dur-
ing the first year of IFN beta-1 a treatment, leptin
significantly decreased since 2 months after start-
ing therapy in |1 patients who had no relapses. a
significant decrease in IL12/IL10 ratio was ob-
served in this group of patients only after | ycar
of treatment. An incrcasc ol leptin was observed
before the first clinical exacerbation in 13 relaps-

ing paticnts.

Leptin may play a pathogenic role in MS and can
be a useful marker of discase activity and re-
sponse (o therapy (Batocchi et al. 2003).Some cy-
tokines also show promise as markers for lipodys-

trophy (LD) (Krause ¢t al. 2005).

Can leptin be used as therapy, or modulates
immunity?

The presence of the leptin receptor in human cir-
culating CD4 (+) and CD8 (+) T-lymphocytes and
a functional role of leptin as a modulator (enhanc-
er) of lymphocyle stimulation with a shift toward
Th1 cytokine - production profile. Leptin is capa-
ble of modulating the immune response, RNA ex-

pression for the leptin receptor was detected in
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human peripheral blood monocyte. This functions
Mmay have relevance in the pathophysiology of im-
munological alteration and when considering lep-
tin therapy and my partly explain the relationship
among leptin, proinflammatory cytokines, insulin
resistance and obesity (Martin et al. 2000 and Zar-
hesh-Estahanicet al. 2001). However, production
ol interleukin (IL)-2 by splenic lymphocytes from
obese mice was suppressed, whereas interferon
(IFN) gamma and IL-4 production were in-
creased. Exogenous leptin regulated the cytokine
production by cultured splenocytes from control
and obese mice, respectively up regulation of
IFN-gamma and down regulation of IL-2 in con-
trol mice, and down regulation of IL-4 in obese
mice. These result suggest that changes in cyto-
Nine production by splenic lymphocytes in obesity
“are indicative of altered complications immune
functions that might contribute to related , al-
though the cffect of difference in nutrient intake

(macro and micro) may also have contributed to
changes.(Mito et al. 2000).

It is known that metallothionein (MT) synthesis
occur in the liver in various stressful situations
such as immobilization and lasting. However, the
mechanism of MT synthesis in stressful situations
is not fully understood. Kondoh et al. 2002) who
examined the involvement of leptin, the obese
gene product, MT synthesis induced by fasting
stress. There is an adaptation (o starvation. On the

other hand, subcutancous leptin infusion in fasted

862

mice via an osmotic pump resulted inincrease, n
hepatic MT levels compared 1o the levels iy vy,
cle-treated mice after 24 hr of fasting. These
sults suggest that MT synthesis in fasting strey |,
not correlated with decrease in plasma leptin |g,.
cls but that leptin it self is a potent inducer of M

in a fasting situation.

Does a dipocytes hormones (leptin and an adip.
onectin play protective roles or/therapy againg

infections and cells apoptosis?

Nutritional deprivation suppresses immune func-
tion. Impaired cell-mediated immunity and re-
duced levels of leptin are both features of low
body weight in humans. Indeed malnutrition pre-
disposes (o death from infections diseases. It 1 re-
ported additionally that leptin has a specific effect
on T-lymphocyte responses. Differentially regu-
lating the proliferation of naive and memory T
cells. As well as increased TH | and suppressed
TH2 cytokine production. Administration of lep-
tin to mice reversed the immunosuppressive ef-
fects of a cute starvation. These findings suggest a
new role for leptin in linking nutritional status to
conjugate cellular immune function, and provide
4 molecular mechanism 1o account for the im-

mune  dysfunction were observed in starvation
(Lord et al.1998).

The fast was markedly reduced serum leptin and

insulin like growth factor-1 concentrations and

Vet.Med.J. .Glza.Vol.54 No.4(2006)
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m,,,..,.gnilicunl differences oceurred in serum
e

ol o pmluclin before and after fasting as
‘|||

Lol a8 Jecreases in CD44 lymphocyte activation
ping fasting correlated with decreases in body
Jcight. Thes€ results suggested that the clinical
Jnd'mhuﬁl“"y improvements in fasting RA (rheu-
hritis) patients may be attributed 1o de-

matond art
eased D4+ T-cell activation and an increase in
e number and / or function of IL-4- producing
1h2 cells. The mentioned factors were associated
Lith loss of body weigh during acute starvation
sppeared 10 have an inhibitory effect on CD4+
lymphocyle activation (Fraser et al.1999). Addi-
wonally, leptin in is induced by lipopolysaccha-
nde (LPS) and cytokines (Faggioni ct al. 1999)
sho investigated the role of leptin in LPS-
induced toxicity using, leptin deficient (ob/ob)
and leptin receptor-deficient (db/db) in mice.
Morcover. treatment with leptin reversed the in-
creased sensitivity to LPS-induced lethality found
n oblob mice. These results suggested that leptin
paticipates in the host response L0 inflammation
" modulating the host immune and cytokine re-

‘onses after LPS.

Leptin deficiency enhances sensitivity (o endotox-
" induced lethality.

Malnutrition compromises  immunc function,
2;:::% fesistance to infection. (Faggioni et al.
| ) examine whether the decrease in leptin in-
ed hy starvation increases susceptibility 10 lip-
Mlysaceharige (LLPS) and tumor necrosis factor

IN}
) . : (o 3 <
Widuced lethality. Fasting increased sensi-

'l-l M .
“d.J).Glza,Vol,54,No.4(2006)

ity o the Tethal effect of “TNE itself, wlieh wis
"‘ . . . g

also reversed by leptin treatment. Thus, leptin

weerms 1o be protective by both intibiting ‘TNE m

duction by LPS and reducing TNF woxicity.

Thymus atrophy is a prominent feature of mal
nutrition. Porty-cight hours starvation of notimal
mice reduced the total thymocyte count to 13% of
that observed in freely fed controls, predominant:
ly because of a diminution in the cortical CDA(+)
CDB(+) thymocyte subpopulation. Prevention of
the fasting-induced fall in the level of the adipo-
eyte-derived hormone leptin by administerning €-
ogenous recombinant leptin protected mice from
these starvation-induced thymus changes, The ob/
ob mouse, which is unable to produce functional
leptin because of a mutation in the obese gene,
has impaired cellular immunity together with a
marked reduction in the size and cellularity ol
thymus. They found that ob/ob mice had high lev-
¢l of thymocyte apoptosis resulting in a ratio of
CD4(+) CD8 (+) CORTICAL TO CD4 (-) CD#(-)
(precursor) thymocyte was 4-fold lower than ob-
served in wild-type mice. Peripheral administra-
tion of recombinant leptin to ob/ob mice reduced
thymocyte apoptosis and substantially increased
both thymus cellularity and the CD4(+) CDB(+)/
CD4(-) CD8(-) ratio. In contrasl. a comparable
weight loss in pair-fed treated ob/ob mice had no
impact on thymocyte number in vitro, leptin pro-
ected thymocyles from dexamathasone-induced
apoplosis. These data indicate that reduced cireu-

lating leptin concentration are pivotal in the path-
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ogenesis ol starvation-induced lymphoid reduc-

ton. (Haward et al. 1999).

Continuous injection of leptin prevents the reduc-
tion in lymphocyte numbers normally observed in
tasted and steroid-injected mice. Consistent with
ieptin-induced  protection, it is observed up-
regulation of the bel-xl gene as a result of signal
transduction via leptin receptors on lymphocyles
1t suggest that leptin might contribute to the re-
covery of immune suppression in malnourished
mice by inhibiting lymphocyte apoptosis. (Fujita
ctal. 2002). Leptin is a peripheral immune en-
hancing reagent that directly activates splenic
lymphocytes in mice. Peripheral leptin replace-

ment completely restored this response in fasted

animals.

These results suggest that peripheral leptin has a
dominant role in maintaining T-cell-mediated im-
mune responses in rats, and central leptin is un-
able 10 compensate for the immunosuppressant
assoctated with peripheral hypoleptinemia. Fur-
thermore, preservation of normal cell-mediated
with peripheral hypoleptinemia immune respons-
es does not require fat tissue as along as serum

leptin levels are maintained. (Zhang et al. 2002).

In culured pancreatic islets, Shimabukuro et al.
(1997) demonstrated direct extra neural effects of
leptin to deplete fat content. Leptin lowered tri-
glycenide (TG) contem by preventing TG forma-

ton from free fauty acids (FFA) and by increasing

864

(FFA) oxidation. In vivo hyperleptinemia,
duced in normal rats by a deno-virus gene (ryp,.
fer, depleted TG content in liver, skeletal muscle.
and pancreas without increasing plasma FFA

ketones suggesting intracellular oxidation,

By maintaining insulin sensitivity and preventing
islet lipotoxicity, this activity of leptin may pre.
venlt an in cultured pancreatic islets adipogenic dj-

abeles.

The thiazolidinedione, anti-diabetic, drugs in-
crease endogenous a adiponectin production in ro-
dents and humans, supporting the Idea that the de-
velopment of new drugs targeting adipokine
might represent a promising therapeutic approach
to protect obese patients from insulin resistance

and atherosclerosis. (Guerre - Millo, 2004).

Pancreatic beta - cell apoptosis is common feature
of type | and type 2 diabetes and leptin exerts an
anti-apoptotic function in these cells. The beta-
cell line INS-1 was used to test the hypothesis
that  the adipocyte hormone adiponectin
(gAcrp30) might mediate an anti-apoptotic effect
comparable to leptin. Novel beta cell protective
function of gAcrp30 might serve to counteract au-
toimmune and lipotoxicity induced beta-cell de-

struction. (Rakatzi et al .2004)
Furthermore, Leptin replacement restored the
reduced IFN-gamma response observed in ob/ob

mice. Leptin plays a role in the early immun¢

Vel.Med.J. .Glza.Vol.54,No.4(2006)
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; nonary tuberculosis (Wieland et
esponse 10 pulmonary

12003). But Montez etal,(2005) suggest that

hi
of acquired leptin resistan

oh-dosage of leptin treatment can induce a state

[\

Factors affected leptin and cytokines levels:
The following factors should be concerned when
leptin and other adipocytokines were recommend-

ed as therapy or as immune modulators.

a- Sex:

Circulating leptin levels show a marked sexual di-
morphism, being higher in females than in males ,
the findings indicated that leptin administration to
susceptible females resulted in more severe dis-
case . and that reduced leptin levels in male SJL
mice may contribute to the gender-related differ-
ences in the induction phase of EAE (experimen-
tal autoimmune encephalomyelitis ) (Matarese et
4l 2001). Gonadal steroids affect serum leptin
concentration in adult male and female rats (Mo-

hamed et g 2004).

b- Fat dieq:

For induction of obesity, CS7BL/6J mice were fed
high-fat diet for 13 weeks , In mice fed the high-
fat diey, body weight , fat pad, weight, and tumor
Necronis factor (TNF) alpha production by adipoc-
Yles were significantly increased relative to mice
led the normal diet. Lipopolysaccharide (LPS)

Mimulated proliferation of cultured splenocytes

Vet Med.J.,Giza.Vol.54 .N0.4(2006)

from diet-induced obese mice was also increased
(Mito et al. 2002).

Also saturated and unsaturated fatty acids affects
leptin levels (A1-Suhaimi., 2006 and Al- Su-
waigh. 2006).

c- Diseases:

Serum leptin levels are elevated in some patho-
logic disorders. Disturbances in adipokine pro-
duction may have potential repercussions in the
pathophysiology of obesity, insulin resistance and
dyslipdemia and other disease.(Huner, 2005 and

Krysiak et al.2005)

1- Obesity:

Mito et al. (2000) observed decreased T-cell func-
tion in obese human subjects and genetically
obese animals. But, no decrease in NK, T-cell
was observed in con A-injected ob/ob mice. it
concluded that leptin - deficiency not obesity, is
responsible for protection from con A-induced

hepatitis. (Siegmund et al. 2002).

Li et al. (2005) noted that NK T cells are selec-
tively reduced in the fatty livers and obese.When
other wise normal mice are fed with high fat or

sucrose diet, they become obese, develop fauy

livers, and acquire hepatic innate immune system

abnormalities, including increased NK T cells
apoptosis. The latter reduces liver NK T cell popu-

lation and promotes excessive hepatic production
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ol Th-1 cytokines that promote hepatic inflamma-
tion. These diet-induced alterations in the hepatic
innale immune system may contribute to obesity-

related liver disease:

Obesity is associated with the increased expres-
sion of several chemokine gene in adipose tissue.
Leptin selectively induces the expression and se-
cretion  of interferon-gamma-inducible protein
(IP-10) in a human monocytic cell, potentially
contributing to the vascular complications asso-
ciated with hyperleptinemic obesity in humans; in
contrast. no significant effect on other inflamma-
lory protein was observed, such as metalloprotei-
nase and other chemokines. (Meier et al.2003)
ind (Simons et al. 2005).

Jmimune response can be deeply affected by obes-
ify. playing leptin on important role. Properties of
Ieptin. alteration of leptin levels in different situa-
tions and its changes with different medical and
surgical therapies for obesity were described in
url'iclc of Munoz, (2004).

The defects in innate immune function observed
in genetically obese animals were not mimicked
by dictary obesity and may more likely reflect the
gross abnormality in leptin function of these mod-
¢ls (Bedoui. 2005). However, (lorio et al. 2006)
reported that leptin did not correlate with hepatic
stutuses, aminotransferases and serum lipids.

Children  with obesity-related liver discase
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showed significantly higher peripheral NK ang

cells and IgA levels.

Question? There is now growing evidence that
many sccretory factors play an important role i,
the pathophyiology of the metabolic and cardiy.
vascular complication of obesity. The questioy
arising from these observations is how the secre.
tory pattern of adipose tissuc can be modified by
dictary and pharmacological measures 10 reduce

the health risks of obesity. (Hauner, 2005).

The answer may be:

More recently, plasma leptin levels were affected
by administrated orally fats, saturated fats in-
crease leptin level scientifically but monounsatu-
rated fatty acids (Palestine olive oil) and polyun-
saturated fatty acids (fish oil) decreased leptin
levels, whereas administration of equal volume of
saturated and unsaturated fats modified leptin lev-
el to reach its normal levels as in normal human
(Kratz et al. 2002) and birds (A1-Suhaimi 2006
and A1- Suwaigh, 2006).This answer may be use-

ful, but need more studies in human.

Many reports explained the association of haplo-
type Al-A4 with obesity and increased leptin lev-
cls. (Puga et al, 2005)

2- Cancer:

On other hand serum levels of leptin in cancer p¥

lients were significantly lower than those of

Vet.Med.J. .Giza.Vol.54,No.4(2006)
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healthy individuals at all times (7 a. m. noon
jp.m.) no significant differences were found in

circadian rythm between patients and controls .
um levels of IL-1 alpha, IL-6 . and TNF alpha

were significantly higher in cancer patients than
in healthy individuals , an inverse correlation be-
\ween serum levels of leptin and IL-6 was found
in cancer patient (Mantovani etal.2000, Mantova-

ni et al. 2001, Aleman etal. 2002 and Siegmund

et al. 2002).

Cancer anorexia and cachexia are not duc to a
dysregulation of leptin production. Circulating
leptin concentration is not elevated in weight-

losing. cancer paticnts and arc inversely related to
the intensity of the inflammatory responsc. In ad-
m leptin concen-

vanced lung cancer patients seru
of fat.

trations only depend on the total amount

(Aleman et al.2002).
Despite increased serum leptin levels, animals

with MCF-7 IL-1 alpha cell- derived tumo
g only peripheral action of

ncipally targets

ncer cell-

rs were

nol anorexic suggestin
wmor-derived leptin, which pri
lipid metabolism. These suggest that €2
derived cytokines, such as 1L-1 alpha,(is an auto-
promcuuslutic genes

crine and paracrine inducer of
y affecting lep-

n i ! 3 .
vitro systems) induce cachexia b

lin-de
"-dependent metabolism path ways.

C i :
dncer anorexja-cachexia syndrome results from

Multifactorjal process involving many media

Ve
Med.J.,Giza.Vol.54.No.4(2006)

tors, including hormones (e.g. leptin), neuropep-

tides (c.g. neuropeptide y, melanocortin.melanin-

concentrating hormone and orexin) and cytokines

(e.g. interleukin I, interleukin 6, tumor necrosis
factor alpha and interferon gamma). It is likely

that close interrelation among these mediators €X-
ists in the hypothalamus, decreasing food intake
and leading to cachexia. In the pathogenesis of

cancer anorexia, cytokines play a pivotal role 1n-

fluencing the imbalance of orexigenic and anorex-

genic circuits that regulate the homeostatic loop

of body-weight regulation, leading to cachexia.

ologically with cytokine ex-

Interfering pharmac
f cytokine signals

pression or neural transduction o
can be an effective therapeutic stralcgy in anorec-
tic patients before they develop cancer anorcxia-
cachexia syndrome. (Ramos et al, 2004)

3- Diabetis :

Leptin accelerated autoimmune destruction of in-

sulin-produ
creased interferon-gamma production in peripher-

al T-cells. These findings indicated that leptin

cing beta cells and significantly in-

d favor proinflammatory cell responses and

coul
ence development of autoimmune

directly influ
discase mediated b
ctal. 2002). In addition, leptin

y Th.l responscs. (Matarese
has been implicated

the palhogcncsis of multiple sclerosis (MS)

in
glo speculation about a beneficial effect of

leadin
fasting to @
warrant a benefici

tient. (Chulzunloni ctal. 2004).

utoimmune patients and that do not
al effect of fasting to MS pa-
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d- Body weight:

The circulating levels of the ob gene product lep-
tn were also significantly correlated with body
weight and is not acutely regulated by insulin
(Hotta etal. 1996). The modest obesity in hGHRH
transgenic mice is associated with increase in lep-
lin synthesis and secretion as well as insulin se-
cretion. (Cai and Hyda.1999).

¢- Nutritional status and fasting:

Fasting increases leptin receptor mRNA expres-
sion in lean but not obese (ob/ob) mouse Lin and-
Huang. 1997), and reduced serum leptin mRNA

levels in adipose 48 and 72 h fast in rats.

leptin act as a link between nutritional status and
the immune response (Chen et al. 1999, kondoh et
al. 2002, Mataresc et al. 2002, Zhang et al. 2002
and kappeler et al. 2004. The action of the adipo-
cyte-derived hormone was studied by Moor et al.
(2002), They found that leptin has cytokine like
function and may mediate the effects of starvation
on immunity. Mice with congenital leptin defi-
ciency (ob/ob) have small hypocellularthymuses
and impaired cellular immunity. In humans, leptin
influcnces the differentiation of naive and memo-
ry cells in vitro, and genetic leptin deficiency has
been associated with an ill-defined susceptibility
to infection. To describe the in vivo relation of
leptin and immune function in children. Fasting
plasma leptin concentrations, immune function (T
and B cell mediated vaccine responses and de-

luyed type hypersensitivity), and mucosal func-

868

tion (dual sugar permeability test and salwa,:'
slgA concentrations. The data confirm thy lepy
acts as a peripheral signal of energy restniction
but do not support on association between fa\ling
plasma leptin levels and immune function in cy;.

dren of this age.

f-Other factors:

The ob gene mRNA expression in rats brown uq;.
pose tissue (BAT) and epididymal white adipose
tissue (WAT) was measured on Northern bloy
hybridized with a rat ob gene probe. The leve| of
ob gene mRNA in BAT was about 40% of that 1
WAT. Fasting (36 h) or semi-starvation (10 days)
decreased the ob gene mRNA level in both tissues
by 62-68% and cold exposure at 6 degrees C
(24h) decreased it in BAT -84 but not in WAT.
Acute administration of the beta 3-adrenergic ag-
onist Ro 16-8714 decreased ob gene mRNA level
in BAT -15% and WAT -28% of lean zucker rais
and only in BAT -74% of obese falfa rats. This
study demonstrated that, in the rat, the ob genc is
not only expressed in WAT but also in BAT. and
suggests that in these tow tissue, the modulation
of the ob gene expression might be more closely
associated with known alteration in cell lipid con-
tent than with changes in sympathetic activily.
(Moinat et al. 1995).

Effects of seasonality and fasting on the plasmd
leptin and thyroxin levels of the raccoon dog
(Nyctereutes procyonoides) and the blue fo*

(Alopex lagopus) were studied by (Nieminen ¢!

Vet.Med.J..Glza.Vol.54,No.4(2006)
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al. 2001).

Tauchmanova ct al. (2004) reported that increased
erum leptin has been described after various or-
gan wransplants, the physiological correlation with
BMI was lost in the allogeneic setting, indicating
a strong influence of factors other than the nutri-
tional status on circulating leptin. No relationship
was found between serum leptin levels and time
from transplant, age, cortisol, C - reactive protein,
and T-lymphocyte CD4 to CDS8 ratio. Among the
cytokines secreted by type-1/typ-2 T-helper lym-
phocytes, only scrum interferon-gamma signifi-
cantly correlated with serum leptin levels. Anti-
leptin blocking antibodies partially inhibited T-
cell activation in mixed lymphocyte reaction, sug-
gesting a link between leptin and T-lymphocyte
activation in the allo-SCT sctting. These findings
suggest that increased serum leptin concentration
may contribute to T-cell activation during devel-
opment of chronic graft- versus-host discase

(cGVHD)
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