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ABSTRACT

EXERCISE INDUCED ENDOCANNABINOID AND IMMUNE SYSTEM
ALTERATIONS

Ozdurak, Rabia Hiirrem
Ph.D., Department of Physical Education and Sports
Supervisor  : Prof. Dr. Feza Korkusuz
November 2009, 186 pages

Endocannabinoid and immune system alterations at moderate (18 m/min)
and endurance (32 m/min) exercise intensities were assessed and compared to
controls. Rats were exercised for 60 minutes/day, 5 days/week for 16 weeks.
Immune effector cell proportions (T cell subtypes, B cells, NK cells, and
neutrophils) and endocannabinoid serum levels were determined. Anandamide
(ANA) and 2 arachidonyl-glycerol (2-AG) serum levels increased with
endurance type of exercise. MRNA expression of the CB1 receptor increased
together with ANA in the same group. Apoptotic index increased while immune
effector cells responded divergently. B lymphocyte percentage decreased while
T lymphocyte and NK cell percentage increased in blood. CD8" subtypes
increased whereas CD11b" cell and CD25" cell numbers decreased in the spleen
in the endurance type of exercise group.

Rats were grouped as the control, the endurance type of exercise, the
AM281 (CBL1 receptor antagonist) and the AM281+AMG630 (CB2 receptor
antagonist) groups in the second part of the study. Flow cytometry and
microarray analyses of the spleen and the thymus were conducted. Endurance
type of exercise associated significantly to immunological changes particularly
to that of the T lymphocytes. T lymphocytes increased whereas cytolytic T
lymphocytes decreased in blood. T cell and double positive T cell percentages

significantly increased in the spleen. Activated T cells and NK like T cells
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furthermore decreased in the spleen. AM281 and/or AM630 could partially
reverse the effect of exercise in blood but not in the spleen. Alterations in the
thymus were not observed. Exercise altered 302 genes, some of them related
with the immune system. Up-regulation of heat-shock protein coding genes was

the most significant ones.

Keywords: Anandamide, 2-arachidonylglycerol, T lymphocytes, exercise

intensity, spleen
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FiZIKSEL EGZERSIZE DAYALI ENDOKANNABINOID VE
IMMUN SISTEM DEGISIKLIKLERI

Rabia Hiirrem Ozdurak
Doktora, Beden Egitimi ve Spor Boliimii

Tez Yoneticisi: Prof. Dr. Feza Korkusuz

Kasim 2009, 186 sayfa

Endokannabinoid ve imiin sistemdeki degisiklikler orta siddet (18 m/min)
ve endurans (32 m/min) egzersizde Olgiilerek control grubu ile
karsilastirilmigtir. Siganlar giinde 60 dakika ve haftada 5 giin olacak sekilde 16
hafta boyunca egzersiz yaptirilmiglardir. Imiin efektor hiicre oranlar1 (T hiicre
alt tipleri, B hiicreler, NK hiicreler ve nétrofiller) ve endokannabinoid serum
diizeyleri belirlenmistir. Anandamid (ANA) ve 2 arasidonilgliserol (2-AG)
serum diizeyleri endurans tipi egzersiz ile artmistir. CB1 reseptoriinlin mRNA
ekspresyonu ANA ile ayni grupta artmistir. Kanda imiin efektor hicreler
degisken tepkiler verirken apoptotik indeks artmistir. B lenfosit yiizdesi
azalirken T lenfosit ve NK hiicre yiizdesi artmistir. Endurans tipi egzersiz
sonrasinda CD8" alt tipi artarken CD11b" hiicre ve CD25" hiicre sayilari
dalakta azalmstir.

Sicanlar ¢alismanin ikinci béliimiinde control, endurans tipi egzersiz,
AM281 (CB1 reseptor antagonisti) ve AM281+AM630 (CB1 ve CB2 reseptor
antagonisti) olacak sekilde gruplandirilmislardir. Dalak ve timus dokularinda
akigkan hiicre teknigi ve microarray analizleri yapilmistir. Endurans tipi
egzersiz T hiicreleri basta olmak iizere imiinolojik degisiklikler ile
iliskilendirilmistir. Kanda T lenfositler artarken sitolitik T lenfositler azalmistir.

Double pozitif T hiicreler dalakta anlamli sekilde artmistir. Dalakta aktive T
Vi



hiicreler ile NK benzeri T hiicrelerde azalmistir. AM281 ve/veya AM630 kanda
egzersizin etkisini kismen ortadan kaldirabilirken dalakta etkili olamamustir.
Timusta degisiklik gozlenmemistir. Egzersiz 302 genin ekspresyonunda
degisiklige sebep olmustur. Icerisinde bagisiklik sistemi ile iliskili olan
genlerinde bulundugu grupta en c¢ok degisikligi heat shock proteinlerini

kodlayan genler olusturmustur.

Keywords: Anandamide, 2-arachidonylglycerol, exercise intensity, T
lymphocytes, spleen
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CHAPTER 1

INTRODUCTION

The relationship between exercise and the immune system has become an
interdisciplinary and popular research area for many exercise physiologists,
clinicians, immunologists and scientists of behavioral research. Not only the
trainers and physiologists, who are concerned about the health of athletes, but
also clinicians try to understand the effect of exercise on health since it is well
known that exercise has a positive effect on diseases such as osteoporosis,
hypertension, obesity, non-insulin dependent type of diabetes, cardiovascular
diseases, Alzheimer’s disease and depressive illness in terms of prevention or
reducing the treatment time and thereby reducing the high cost values during
the treatment of these diseases (Cara and Chaiken 2006; Cayley, 2007; Cotman
and Berchtold, 2007; Midtgaard et al., 2006; Mora et al., 2006; Pedersen, 2006;
Pedersen and Saltin, 2006; Stevens and Killeen, 2006; Tremblay and Therrien,
2006). Moreover, recent research showed that there is a close relationship
between exercise and illnesses like cancer and AIDS which are strongly
dependent on life style (Hunt-Shanks et al., 2006; O'Brien et al., 2004). Latest
research in the area of psychoneuroimmunology and/or behavioral immunology
has focused on the effect of stress on the immune system (Demark-Wahnefried
et al., 2006; Midtgaard et al., 2006; Polo et al., 2006; Rosenberg et al., 2006;
Sax, 2006).

Literature showed that regular exercise has a positive effect on health by
decreasing the risk of coronary artery disease and osteoporosis, increasing the
resistance to psychological stress, delaying aging and extending someone’s life
period (Cooper 2006; Oguma and Shinoda-Tagawa, 2004; Pedersen 2006; Raso
et al., 2007; Shea et al., 2004; Strasser et al., 2006). Although research in
cardio-vascular area showed the positive effects of regular exercise, research at
the beginning of 1970°s showed that student participating the sport teams are
more susceptible to hepatitis B, polio, meningitis, gastrointestinal system and

1



respiratory system infections when compared to their sedentary schoolmates. It
has been accepted that exercise has not only immunological, but also
endocrinological consequences (Asgeirsson and Bellanti, 1987; Baron et al.,
1982; Day et al., 2006; Droste et al., 2007; Fediuc et al., 2006; Fleshner, 2005;
Griesbach, 2007; Morse 1972; Kohut et.at., 2004; Sasse et.at., 2008; Weinstein
1973) and scientists started to search whether exercise has a stimulatory or

inhibitory effect on the immune system (Figure 1.1).

Neuroendocrine System

Nervous System

Insuline
ACTH Glutamine
Serotonine Adrenaline
Dopamine Intensity Norepinephrine
Glutamate Duration Cortisol

Immune System

Macrofage
Neutrophil

T Lymphocyte

B Lymphocyte
Natural Killer Cell

Figure 1.1 The relationship between exercise and other systems of the body

The effect of regular exercise on the immune system has been argued for
a long time. Some research showed that chronic exercise decreases the risk of
infections (Davis et al., 2004; Gleenson et al., 2006; Lowder et al., 2006;
Nieman and Pedersen, 1999; Vanitallie, 2002) and inhibits tumors (Davis et
al.,1998; Kruk and Aboul-Enein, 2007). Another research proved that exercise
at moderate intensity increases not only the number of natural killer (NK) cells,
but also their cytolytic activity (Brahmi et al., 1985; McFarlin et al., 2005;



Suzui et al., 2004; Timmons and Bar-Or, 2007). However, it has been widely
accepted that exhaustion as a result of exercise at high intensities for a long
time causes immune system suppression and thereby increases the risk of
infections (Fitzgerald, 1991; Nieman, 2003; Pyne et al., 2000, Suzuki et al.,
2002; Suzuki et al., 2003).

Oxidative Stress

Tcells Cortisol :tj :::;
B cells Epinephrine IL-10 Chemokines
NK cells 3 Norepinephrine TGF-B TNF
Neutrophills Growth foctors ’ N
Macrophages Catecholamines l
\ * v
. S— : RESPONSE AT TISSUE LEVEL

Proteins

Inflammation. tissue damage and/or repair

Figure 1.2 The complex and bidirectional response of the immune system
stimulated by different components of the neuroendocrine system during

exercise.



The reason of these contradictive results are the complexity of the
immune system, the unknown relationship of exercise with the neuroendocrine
system, the heterogenity of the exercise type and subjects studied so far.
Exercise alters many aspects of the immune function, by stimulating some
immune effector cells while supressing others. Regardless of the contradictive
results, there is a dose-response relationship between exercise amount (duration
and/or intensity) and the specific immune response. Today, it is well accepted
that regular moderate exercise has a positive effect on the immune system,
whereas high intensity exercise for long duration has a suppressive effect on the
immune system (Kumae et al., 2009; McFarlin et al., 2004; Murakami et al.,
2009; Pyne et al., 2000). Some studies showed that endurance type of exercise
may cause immune system suppression and alterations in immune system
parameters (Table 1.1).

The molecular mechanism of the bidirectional response of the immune
system depending on the exercise intensity is still unknown. Recent literature
showed that all immune effector cells respond differently to a certain type of
exercise intensity. Moreover, each immune effector cell type may react in a
different way with diverse exercise intensities (Table 1.2). In the light of these
results, it has been thought that there may be other mechanisms and/or immune
modulator molecules involving in the exercise intensity and duration dependent
bidirectional response of the immune system.

It has been known that endurance athletes experience not only immune
suppression, but also psychological changes associated with prolonged physical
activity. A label often applied to these exercise induced changes is the
“runner’s high’” which parallels the emotional status of people who describe
cannabinol usage, drug administration or trance states. The runner’s high has
been described subjectively as pure happiness, endless peacefulness, unlimited
energy, inner harmony, reduction in pain sensation and addiction to exercise
(Bartholomew et al., 1996; Cook and Koltyn, 2000; Kenney et al., 2008).



Table 1.1 Endurance exercise induced immune system alterations

Parameters Findings References
e Decrease to clinically low levels f Kohut et al., 2002;
Lehmann et al.,
Lymphocyte e Altered CD4+/CD8+ T-cell ratio 1996:
number and e Decrease in CD4+ T cell Fu et al., 2003;
function . . Ronsen et al., 2001;
e stimulated increase of CD25+/CD8+ T-cells | pqg] et al., 2004:
e Imbalance in T helper 1/T helper 2 Ru and Peijie, 2009;
Northoff et al., 1998;
(Th1/Th2) cells Kohut et al., 2004
e Decreased NK like T cell populations
e Decreased IL-4 secretion
e Decreased lymphocyte responsiveness to
antigens
e Inhibited IL-2 production
e  Altered IL-2 Kkinetics
e Inhibited IFN-y secretion
Monocyte e Decreased number Flynn et al., 2003;
. Northoff et al., 1998
number and e Decreased IL-6 secretion
function
e  Lower resting and post exercise values in Smith et al., 1990;
Neutrophill cyclists E;gg Z: Z:" ;ggg
count and e A progressive decrease parallel to the Robson et al., 1999;
: . . . . Radom-Aizik et al.,
function increase of the exercise intensity during the 2008
training season of swimmers
e Diminished responsiveness to stimulation by
lipopolysaccharide
e Reduced oxidative burst and
e Diminished degranulation responses
e Alteration in neutrophil gene expression
e Progressive decrease in the NK cell count Fry etal., 1994;
NK cell count 7 th traini . . Gleeson et al., 1995;
over 7 month training season in swimmers Shephard and Shek ,
and activity e Decrease in NK cell count 1999.
e Decreased NK cell cytolytic activity
Serum Ig e Clinically low levels during a 7 month long | Gleeson et al., 1995

training season in swimmers




Before the discovery of the opioids, exercise scientists tried to explain
these changes in the analgesic and mental states with alterations in the
catecholamines adrenalin and noradrenalin (Howley, 1976). A study presented
an elevation in endorphin levels and commented that exercise promotes
psychological well-being by increasing the secretion of endorphins (Hoffman,
1997). Alterations in catecholamines, glutamine, growth hormone, cortisol,
adrenaline and noradrenaline with exercise were described (Droste et al., 2007;
Gleeson, 2008; Kohut et al., 2004; Kraemer and Ratamess, 2005; Kriiger and
Mooren, 2007; Malm et al., 2004; Pedersen et al., 1997; Sasse et al., 2008;).
The remarkable change of endorphin levels and their biphasic effects on the
immune system is assumed to be duration and intensity dependent. This
however cannot be explained with the endorphin hypothesis. Although increase
in B endorphin level reduces pain sensation and produces a state of euphoria by
binding of to the p opioid receptor, minimal activation of the same endogenous
opioid system is also responsible for the severe respiratory depression and
inhibition of gastrointestinal motility, which are not seen in runners. Moreover,
peripheral activation in the systemic circulation cannot be taken as indicative of
central effects of endorphins since endorphins are too large to cross the blood-
brain barrier (Droste et al., 2007; Farell et al.,1986; Farell et al.,1987; Fediuc et
al., 2006; Harbach et al., 2000; Howley, 1976; Kolata, 2002).

To date, two cannabinoid receptors, CB1 and CB2, and their endogenous
ligands, anandamide (ANA) and 2-arachidonylglycerol (2-AG), have been
identified (Devane et al., 1988; Howlett et al., 2004; Munro et al., 1993;
Sugiura et al., 2002). Both CB1 and CB2 receptors were found in the central
nervous system (CNS) and peripheral organs (Aguado et al., 2006; Aso et al.,
2008; Herkenham, 1995; Molina et al., 2007; Van Sickle et al., 2005),
especially on the immune effector cells (Bouaboula et al., 1993; Galieque et al.,
1995; Kleinet al., 2003). With the discovery of these receptors, the missing link
between CNS and both endocrine and immune systems seems to be found and
the molecular basis for cannabinoid action on the central nervous and immune

systems was established (Devane et al., 1988; Munro et al., 1993).



Table 1.2 The effect of exercise intensity on the immune system

Exercise Subjects Findings Reference
Running Elderly Immediately after exercise: Increased Yan et al.,
male CD16/56 expressing NK cells in active subjects | 2001
compared to sedentary ones
Strenuous Mice Immediately after exercise:decrease of CD4 Fuetal.,
exercise expressing cells, stimulated increase of 2003
CD25/CD8 expressing T cells
Running Elite Immediately after exercise: Increase in CD3, Espersen et
swimmer CD4, CD5, CD8§, CD19, CD57, CD18, CD16; al., 1996
CD22 expressing cells and decrease in
proliferative response
Post-24 hours: All parameters at basal level, no
change in cytokines
Walking Elderly Increased humber of CD8 expressing cells Ogawa et al.,
subjects producing IL-2 in active than sedentary subjects | 2003
5km runners Immediately after exercise: decrease in IL-2 Espersen et
running and CD4/CD8 cell ratio, increase in TNF, HLA- | al., 1990
DR+ and NK cells
Post 24 hours: Increase in IL-2, normal TNF
level
Endurance Endurance | Immediately after exercise: Increase in NK Hinton et al.,
running runners cells and CD8 expressing T cells, decrease in 1997
(VO0pax 95) proliferative response, no change in B and T cell
function
30 minutes Male Immediately after exercise: Increase in T cells, | Smith et al.,
moderate runners decrease in CD4/CD8 T cell ratio and 1993
intensity proliferation in response to phytohemagglutinin-
exercise A (PHA)
Resistance + | Elderly Increase in salivary IgA levels Akimoto et
endurance active al., 2003
subjects
Moderate Elderly No effect on the T cell subsets, CD28+ or IL-2R | Raso et al.,
exercise male 2007




Recent studies showed that the activation of the endocannabinoid system
reduces pain at the central and the peripheral levels (Di Marzo et al., 2000; Rice
et al., 2002) as seen in endurance type of exercise. Moreover, cannabinoids
have several effects on the immune system. They enhance and/or inhibit B and
T cell proliferation and migration (Derocq et al., 1995; Joseph et al., 2004),
decrease IL-2 production (Herring and Kaminski, 1999; Rockwell et al., 2006;
Rockwell et al., 2008), cause increased immunoglobulin secretion as a response
to CD4+/CD8+ ratio imbalance in T lymphocytes (McKallip et al., 2005;
Schatz et al., 1993), inhibit cytolytic T cell chemotaxis (Joseph et al., 2004),
stimulate apoptosis in the spleen and thymus (McKallip et al., 2002), stimulate
NK cell migration (Khishimoto et al., 2005) and inhibit the cytotoxicity of NK
cells (Massi et al., 2000).

Other studies showed that endocannabinoids stimulate IL-6 in adipocytes
(Hoareau et al., 2006), suppress lipopolysaccharide stimulated TNF-a, I1L-4, IL-
6 and IL-8 secretion in macrophages (Berdeshev et al., 1997; Cabral et al.,
1995). Moreover, literature showed that endocannabinoids stimulates apoptosis
in dendritic cells via CB1 and CB2 receptors and thereby suppresses the
immune system, causes anti-inflamation and effects dendritic cell maturation
(Do et al., 2004). Some peripheral effects are summarized in Table 1.3.

All these variable and contradictory outcomes are the result of the
complexcity of the mechanism, the expression of both CB receptors on the
immune effector cell surface (Nong et al., 2001), the difference in receptor
density of CB1 and CB2 receptors on different immune effector cells (Onaivi et
al., 1996), the difference in the binding affinity of endocannabinoids produced
at the same time interval having concentration dependent agonistic and/or
antagonistic effects (Do et al., 2004; Lee et al., 1995). Although studies showed
that endocannabinoid system is closely related to the immune system, the
mechanism of this relationship and the stimulatory and/or inhibitory molecules

playing role in this mechanism could not be explained so far.
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Figure 1.3 The effect of endocannabinoids on the immune system

A recent study showed that acute moderate running or cycling exercise at
an intensity of 70-80% of maximal heart rate increases serum concentrations of
ANA in college students (Sparling et al., 2003). This was also supported by two
other studies Hill and his coworkers stated that showed an increase in the
endocannabinoids as a result of voluntary wheel running and this enhances
progenitor cell proliferation in the hippocampus (Hill et al., 2009). Keeney and
his coworkers proved that endocannabinoid system may play a role in the
perception of neurobiological rewards during and after prolonged exercise
(Keeney et al., 2008). This might be a possible explanation for exercise induced
immune and nervous system alterations. However, these studies did not include
different exercise intensities, especially, endurance type of exercise where

“runner’s high” and immune suppression is mostly observed.



Table 1.3 The peripheral effects of ANA and /or 2-AG on the immune system

Biological Effects References

Suppressed transcription and secretion levels of 1L-2 Rockwell et al., 2008;
Gallily et al., 2000;

Stimulated IL-6 synthesis Molina-Holgado et al.

Decreased 1L-6 and 1L-8 synthesis 1998;

. _ Sacerdote et al., 2005;
Inh|b|ted IL-4 SynthES|S Berdyshev et a|11997’
Inhibited TNF-a production Klein et al., 2000;

Bueb et al., 2001,
Reduced INFy production Valk et al., 1997;

Derocq et al.,1998;

Suppressed rat mast cell activation Stefano et al.. 1998:

Stimulated hematopoietic cell development Maestroni et al., 2004;
Stimulated lymphocyte apoptosis Ea;teei:]e;ta;i’ 11%%57'.
Stimulated nitric oxide release from immune tissue Specter et al., 1986;
_ _ Kraft and Kress, 2004;
Decreased B lymphocyte poliferation Carayon et al., 1998;
Stimulated 1g production and Ig isotype switching Do etal., 2004;
Kaminski et al., 1994;
Inhibited neutrophil activity Titishov et al., 1989;

Massi et al., 2000;
Schwarz et al., 1994;
Inhibited cytokine and chemokine production Lee et al., 1995;
Joseph et al., 2004;
Zhu et al., 2000;
Decreased T lymphocyte proliferation Cabral et al., 1995;

) . . . Ross et al., 2000;
Stimulated Th2 cytokine secretion and polarization Chang et al, 2001:

Inhibited natural killer cell cytotoxicity

Inhibited cytolytic T cell chemotaxis

Suppressed Th1 cytokine secretion against bacteria Sugamura et al., 2009;
. . . Cianchi et al., 2009;
Inhibited antibody formation DelLago et al., 2006;
Decreased antigen presentation in macrophages Endsley et al., 2007;

DeMorrow et al., 2007;
Decreased migration and phagocytosis in macrophages | Caffarel et al., 2006.

Increased adhesion of macrophages

Induced Cell cycle arrest and apoptosis of cancer cells
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Although there are many studies focused on the relationship between
endocannabinoids and immune system, there is a lack in literature concentrated
on endocannabinoids and endurance type of exercise. With the discovery and
subsequent characterization of the cannabinoid receptor network and its
relationship to the immune system, it might be possible to determine a
mechanistic explanation of endurance exercise induced changes and their

biphasic effect on the immune system.

1.1 Hypothesis

It is assumed that exercise intensity has an effect on both (1)
endocannabinoid system and (2) immune system. (1.a) Different exercise
intensities will have different effects on endocannabinoids; ANA and 2-AG
serum levels. Moreover, (1.b) the same exercise intensity will have different
effects on ANA and 2-AG, separately. Furthermore, (2) exercise depending
immune system alterations will be regulated through these endocannabinoids.
(2. a) Both ANA and 2-AG will play role in the mechanism of exercise
depending immune system alterations. (2.b) This mechanism is assumed to be
mediated by the cannabinoid receptors; CB1 and/or CB2 receptors found on the
surface of immune effector cells. (2.c) The specific effects of endocannabinoids
through their receptors may also vary among the immune effector cell

populations found in spleen, thymus and blood.

11



1.2 Research Questions

1.2.1 Part 1 of the study

1.2.2

e Does exercise intensity (moderate and endurance) have an effect on
the endocannabinoid system in terms of ANA and 2-AG serum

levels?

e Does the same exercise intensity affect ANA and 2-AG serum levels
in different degrees?

e Do the immune effector cells increase and/or decrease as a response

to exercise depending endocannabinoid system changes?

e Is there an adaptation in the endocannabinoid system at cellular

level as a response to exercise?

e |Is there an adaptation in the immune system at cellular level as a

response to exercise?

Part 2 of the study

e Are the exercise depending immune system alterations regulated
through CB1 and/or CB2 receptors?

e Does the endurance exercise depending immune system alterations

differ among blood, spleen and thymus tissues?

e Is there an exercise induced adaptation in the immune and

endocannabinoid system at cellular level in spleen and thymus?

12



1.3 Purpose of the Thesis

There is a long standing gap in the field of exercise immunology focused
on the exercise depending immune response that requires coordinated action by
several types of cells in a tightly regulated sequence. Studies in literature were
performed with parameters such as (a) exercise differing in type, intensity,
duration, training period, (b) subjects used in the study differing in age, training
condition, gender,(c) complexicity and variety of the response of immune
system differing among the immune effector cells to a certain type of stimulus,
(d) molecules of interest like adrenaline, noradrenaline, cortisol, growth
hormone, glutamine, and (e) measurements of immune effector cells differing
in type, source of tissue etc. This broad range in the dependent and in dependent
variables in these studies made the comparison of the results almost impossible.
Therefore, the mechanistic explanation of the immune response to different
types of exercise at different intensities could not be explained with the studies
in literature so far. In the present study, immune system response to two
different exercise intensities was assessed to explain the endocannabinoid
system, exercise and immune system interaction. This is the first study in
literature that assessed quantitatively (a) the increase of ANA and 2-AG serum
levels and (b) alterations in immune effector cells as a response to different
exercise intensities. In the first part of the study, the threshold for
endocannabinoid system stimulation and immune system alteration was
determined by using moderate and endurance type of exercise protocols. The
aim of the first part of the study was to determine the effective exercise
intensity that give rise to exercise dependent adaptations in endocannabinoid
and immune systems. Then after, this exercise intensity was applied to all
exercise protocols where CB1 and CB2 receptor antagonists AM281 and/or
AMG630 were used in order to identify the mechanism how endocannabinoids
may regulate exercise depending immune system alterations. Previous studies
were interested in the effect of endocannabinoids on the immune system by
applying high concentrations of synthetic endocannabinoids exogenously on

different animal models and tissue cultures; however, the concentrations of
13



these endocannabinoids applied in these studies did not fit the biological ones.
This is the first study in literature that reveals endogenously increased ANA
serum levels by exercise and shows the exercise depending immune system
alterations through the endocannabinoid ANA. Moreoever, response of the
immune system was measured in three different tissues at the same time. Blood
does not reflect the overall picture since only 3 percentages of the whole
lymphocytes are found in blood. Therefore, measurements performed on spleen
and thymus tissues and comparing them with blood values gave valuable
information.

In the first part of the study, rats were exercised at different intensities of
treadmill running. The certain exercise intensity that causes an increase in the
endocannabinoid serum levels and alteration in the immune system was
determined. This exercise intensity that was used in the exercise protocol
determined for the second part of the study. All animals exercised at this
determined exercise intensity for the same time. Two CB receptor antagonists
were applied to block the effect of endocannabinoids. B lymphocyte, NK cell, T
lymphocyte, helper T lymphocyte, cytolytic T lymphocyte and activated T
lymphocyte percentages were measured in blood, spleen and thymus. Cellular
adaptation at tissue and gene level was questioned in these tissues. This is the
first study in literature that measured two types of endocannabinoids (ANA and
2-AG) and several immune system parameters (B lymphocyte, NK cell, T
lymphocyte, helper T lymphocyte, cytolytic T lymphocyte and activated T
lymphocyte percentages) in three types of tissue (blood, spleen, thymus) at two
different exercise intensities (moderate and endurance) in same type of animals

at tissue and gene level in the same study.
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1.4 Limitations

The limitations of this study were the effect of general anesthesia on the
endocannabinoid system and the stress caused by the treadmill. Previous studies
showed that general anesthesia causes an increase in the ANA and 2-AG
plasma levels (Schelling et al., 2006); however, since all groups have been
exposed to ether in our study, we used the endocannabinoid levels of the control
group as the reference point for basal level of endocannabinoids ANA and 2-
AG in plasma. Moreover, employing activity on a treadmill produces
physiological adaptations indicative of chronic stress in Spraque Dawley rats
(Moraska et al., 2000) and these changes could potentially increase the ANA
plasma levels. Therefore, the control group was placed on the treadmill for one
hour without any exercise in order to eliminate the stress caused by the
treadmill itself.

Although we planned to sample blood before and after the exercise
session at the end of the study of part 1 and part 2, the total rat blood volume
allowed only a single measurement of endocannabinoids. Therefore, we were
not able to measure the resting values of the dependent variables in highly
trained rats. It was a limiting factor also in the immune effector cell assessment.
Since only low amount of blood was available for measurements in flow
cytometric analysis, commercial available T/B/NK cocktail, T lymphocyte
cocktail and activated T lymphocyte cocktail Kits were used to determine
immune effector cell percentages, T lymphocyte subtypes and activation of
these cells. However, the cluster of differentiation markers used in these
cocktails was to some extend not tightly cell specific and could be expressed
also on some other leukocytes that are not of interest. For instance, T
lymphocyte Cocktail was used to identify T lymphocytes, helper T lymphocytes
and cytolytic T lymphocytes based on a three-color reagent cocktail by direct
immunofluorescence staining with flow cytometric analysis. The 0OX-35
antibody was used to determine helper T lymphocytes and reacts with the CD4
antigen on most thymocytes which is a subpopulation of mature T lymphocytes

(ie, MHC class ll-restricted T cells, including most T helper cells). However,
15



CD4 antigen is also found on monocytes, macrophages, and some dendritic
cells which were not of interest in our study.

Another limitation of this study was the method used for assessment of
immune system response. Radioactive labeled immunoassays in order to
measure proliferation, migration and immune effector cell activities could not
be performed in this study since they are also expensive, time consuming and
complex measurements with lot of pre-treatments needed to isolate the specific

cells of interest.
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CHAPTER 2

LITERATURE REVIEW

2.1 Exercise and the immune system

The immune system comprises a range of cells, tissues and chemicals that
interact to infection, repair tissue damage and maintain the integrity of the
body. The immune response is affected by many factors such as nutrition,
environment, stress, genetical & neurological aspects and especially muscular
exercise (Calabrese, 1996; Gleeson, 2007).

Exercise leads to altered distribution and function of immune effector
cells which may be related in part to changes in hormone release, blood flow
distribution, and other factors that affect immune system function (Frances et
al., 2008). Results of studies in the field of exercise immunology are
contradictory, most probably because of the complexity of the immune system
and variability of exercise and training protocols in addition to training status of
the subjects, nutrition, age, gender, blood sampling time and methods, immune
effector cell types and methods used for measurements (Quist et al., 2006; Viru
and Viru, 2000; Woods et al., 1997). Contradictory results have been obtained
by many studies stating both positive and negative effects of exercise (Cara and
Chaiken, 2006; Raso et al., 2007; Sasse et al., 2008). Therefore, it was not
possible to compare studies focused on exercise induced immune system
alterations and figure out the mechanistic explanation for the bidirectional
effects. However, to date, it is well accepted that immune system response is an
orchestrated regulation of almost all immune effector cells and is highly
depending on the exercise intensity and duration (Raso et al., 2007; Rowbottom
and Green, 2000) (Table 2.1).
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Table 2.1 Immune effector cells and their main functions studied in exercise

depending immune system alterations

Cell type Marker | Proportion Major cell function
Neutrophils 70 % of | Phagocytosis
leukocytes
Monocytes CD 14 10-15 % of | Phagocytosis,  antigen-presentation,
leukocytes cytokine production, cytotoxicity
Lymphocytes | Several |20-25 % of | Innate immune response, cytotoxicity,
leukocytes memory, cytokine production
B cells CD19 5-15 %  of | Memory, antibody production
CD20 lymphocytes
NK cells CD1s6, 5-15 %  of | cytotoxicity, cytokine production
CD56 lymphocytes
T lymphocytes | CD3 60-75 % of | Immune regulation, immune cell
leukocytes activation, memory, cytokine
production
Helper T | CD4 60-75 % of T |Immune cell activation, cytokine
lymphocytes lymphocytes production, antigen recognition
Cytolytic T | CD8 30-45 % of T | Cytotoxicity
lymphocytes lymphocytes

During the past few years knowledge has accumulated regarding the

effect of physical exercise on different components of the immune system,

however, it is still debated, whether physical exercise is beneficial to the

immune system or not, and how exercise influences resistance to infectious

diseases and tumor growth (Bacurau et al., 2007; Davis et al., 1998; Gleeson,
2007; Kruk and Aboul-Enein, 2007; Lowder et al., 2006; Vanitallie, 2002). In

spite of the contradictive results, it is believed that the immune response is

enhanced during moderate and severe exercise, but suppressed only after

exercise of high intensity and long duration (endurance type of exercise).
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Moreover, the exercise-induced immune suppression or immune enhancement
iIs mostly transitory and last differently for different immune effector cell
populations (Gleeson, 2005; Kumae et al., 2009; McFarlin et al., 2004;
Murakami et al., 2009; Pyne et al., 2000).

2.1.1 Effects of acute and chronic exercise on the immune response

Acute exercise causes a rapid delocalization of various immune cells
between lymphoid tissue and circulating blood (Schwindt et al., 2007). The
leukocyte number increases during and after a bout of exercise most likely due
to detachment from the endothelial lining of bone marrow, lung, spleen, and
gastrointestinal tract (Malm, 2004). The increase in the leukocyte count is due
primarily to an increase in neutrophils, although lymphocytes and monocytes
are increased as well (Schwindt et al., 2007; Shephard, 1997). Exercise
intensity, duration and/or fitness level may play a role in the degree of
leukocytosis. The more prolonged and high intensity the exercise is the more
cell trafficking occurs (McFarlin et al., 2006; Pedersen, 2005). Leukocyte
number during exercise can increase four times the resting levels. They return
to baseline values after exercise but increase again during the 1-3 post exercise

period when the exercise lasted less than 30 minutes (Mackinnon, 1999).

There is conflicting data on the effect of exercise on granulocytes
(Lagranha et al., 2004; Pyne et al., 1995). Some investigators report an intensity
and duration dependent increase in neutrophil concentration both during and
after exercise (Pedersen et al., 1997; Mackinnon, 1999; Murakami et al., 2009).
Neutrophils are recruited into the circulation during and after intense exercise
and can reach also levels 4 times higher than baseline values. They return to
baseline levels within 1 hour after moderate exercise but remain elevated above
resting values for 6 hours after endurance exercise and suffered apoptosis
(Lagranha et al., 2004; Mackinnon, 1999; Nieman et al., 2005). It has been
suggested that neutrophilia is under the control of cortisol, however, this
hypothesis was contradicted by studies that showed sustained neutrophil
number during increasing cortisol levels (Deutsch et al., 2007; Pedersen and

19



Hoffman-Goetz 2000). A recent study stated significant alteration in neutrophil
gene expression following high intensity exercise, indicating exercise induced

immune system adaptations at cellular level (Radom Aizik 2008).

It is well accepted that sampling time, mode of exercise and method of
analysis has great effect whether exercise causes an increase or decrease in
neutrophil function (Levada et al., 2008; Mackinnon, 1999; Pyne et al., 2000).
Although, a study showed that neutrophil oxidative burst activity is reduced
following prolonged exercise (Murphy et al., 2007), contradictive results have
been obtained in literature that showed a great variability in neutrophil response
of subjects exercising at similar exercise intensities but having different training
status (Avloniti et al., 2007; Peake, 2002; Smith et al., 1990). To date, it is
accepted that alterations in neutrophil number and/or function are affected by
illness and/or muscle damage rather than the physical exercise itself (Carrigan
et al., 2007; Newburger, 2006; Mc Farlin et al., 2006; Peake et al., 2005).

Two hours after severe exercise (e.g. bicycle exercise, 1 hour, 75% of
VO,max) the neutrophil count is still elevated, whereas the lymphocyte
concentration declines below pre exercise values (Bury and Pirnary, 1995). The
number of lymphocyte mostly increases during acute moderate and strenuous
exercise but rapidly falls to baseline levels or below in post exercise period
(Mackinnon, 1999; Pedersen et al., 1997; Tanimura et al., 2008; Wang and
Huang, 2005; Wang and Lin, 2009). Although there is an increase in the
numbers of lymphocytes during exercise, the ability of lymphocytes to
proliferate decrease. If the exercise lasts at least one hour, lymphocyte number
may fall below resting levels even during the exercise session (Levada et al.,
2008; Levada et al., 2009). Lymphocyte subsets respond differently to exercise,
resulting in changes in relative proportions of T, B and NK cells (Gleenson,
2007).

T cells show a greater response to exercise than B cells and memory T
(CD45R0O") cells circulate at a greater proportion than naive T (CD45RA")
cells during and after acute exercise (Malm et al., 1999; Pedersen and Hoffman-
Goetz, 2000). Although both helper and cytolytic T cell counts increase, the
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CD4/CD8 ratio decreases because of relatively higher increase of cytolytic T
cells than helper T cells (Gleenson, 2007; Gleeson et al., 1995; McFarlin et al.,
2005). Not only the number, but also activity of T cells increased during
strenuous exercise (Ibfelt et al., 2002) whereas eccentric exercise caused a
decrease in cytolytic T cell activity, T cell proliferation rate and helper T cells
number (Malm et al., 1999). Malm indicated that moderate exercise enhances a
TH1-type cytokine response, while strenuous exercise augments TH2 cytokines
and, thus, promotes protection against bacterial infection. Exercise induces only
a little change in B cell numbers persisting for a short time after exercise
(Mackinnon, 1999; Pedersen et al., 1997; Plowman and Smith, 2007). B cells
increase after anaerobic exercise or exercise having an eccentric component
(Malm et al., 1999; Malm et al., 2000). All lymphocytes decline below pre-
exercising counts between 1-3 hours after intense exercise.

NK cells are thought to play an important role in the first line of defence
and play role in resistance to cancer. It is well known that NK cells are the most
influenced cells by exercise (Pedersen, 2005; Sharon and Plowman, 2007
Wang et al., 2009). Both absolute concentration and the relative percentage of
NK cell and their activity are increased during and after acute exercise.
Endurance type of exercise may cause an increase during and decrease after
exercise in a natural killer cell function on a per cell basis (McFarlin et al.,
2005).

Circulating monocyte numbers and activity increased after moderate
acute exercise and remained for up to 6 hours post exercise, however, decreased
during endurance training periods. However, the decreased activity of
monocytes could be enhanced by decreased training programmes in endurance
athletes (Guereschi et al., 2008; Hack et al., 1994; Mackinnon, 1999; Plowman
and Smith, 2007). Monocyte cell surface receptor expression was also affected
by exercise depending on the mode, duration and intensity (Guereschi et al.,
2008; Malm et al., 2000; Prestes et al., 2008; Starkie et al., 2000).

Of all immune measures, mostly NK cell activity has emerged as a

consistent indicator differentiating the immune systems of athletes and
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nonathletes. In a study comparing elite female rowers and controls, NK cell
activity measured 1.6-fold higher in the rowers (Nieman, 2000b). This increase
in NK cell activity during most hours of the day should help the athlete clear
viruses from the body, countering the stressful changes that occur in the
immune system during the several hours after each bout of intensive exercise.
However, recent literature argued these outcomes so that chronic resistant
exercise training increased both NK cell number and natural killer cekk activity
(NKCA) after a bout of acute exercise but had no effect in resting status in both

parameters (McFarlin et al., 2005).

Neutrophil function has been reported to be both suppressed and
enhanced in athletes, depending on the intensity of exercise (Mackinnon, 1999).
Although there was no difference in resting levels of neutrophil numbers
between athletes and sedentary controls, neutrophil activity was found to be
higher in athletes. Lower leukocyte and NK cell counts were identified in
athletes after prolonged periods of endurance exercise (Gleeson, 2007). Other
studies on the contrary stated higher baseline levels of natural killer cell activity
in endurance athletes (Nieman et al., 2000; Shore et al., 1999). Nieman (2000)
stated significantly elevated natural Killer cell activity in rowers compared to
non-athletes. Other similar studies involving moderate activity for eight to
fifteen weeks showed no significant increase. Thus, endurance exercise may
have to be intense and prolonged to obtain this effect. It remains unclear
whether the increased natural Killer cell activity described is due to an increased
number of cells, enhanced activity of individual cells or both (Nieman et al.,
2000).

Studies comparing athletes with sedentary controls found no changes in
the resting lymphocyte numbers, even in overtrained athletes (Mackinnon,
2000). Although it is accepted that both helper and cytolytic T cells are resistant
to chronic exercise (Mackinnon, 2000; Pedersen and Hoffman-Goetz, 2000), a
study showed an increase in these T cell subsets in the pre-season of soccer
training (Malm et al., 2004). B cells, however, has been found to decrease in the
same study. A recent study, showed that resistance training increased NK cells,
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helper and cytolytic T cells immediately after an acute exercise session, but had
no effect on the basal resting levels of these cells (McFarlin et al.,
2005).Resting salivary IgA levels measured in swimmers showed significant
correlations with infection rates and number of infections observed could be
predicted by the pre-season salivary IgA levels (Gleeson, 2007). Long term
training had also an effect on serum cytokines and altered them as in the state of

fever (Rowsey et al., 2009).

2.1.2 Effect of exercise intensity

The intensity of exercise more than the duration seems to determine to
which degree the immune system is enhanced during exercise. However, a
combination of intensity and duration determines whether the immune system is
enhanced and/or suppressed following exercise. The exercise induced immune
response is a function of exercise intensity and duration and is thought to be
enhanced during moderate and severe exercise, but suppressed only after
exercise of high intensity and long duration (Kumae et al., 2009; McFarlin et
al., 2004; Murakami et al., 2009; Pyne et al., 2000). At rest the immune
response is slightly elevated in trained compared to untrained. Research showed
that during moderate exercise, several positive changes occur in the immune
system (Cara and Chaiken , 2006; Cooper, 2006; Nieman et al., 2000; Oguma
and Shinoda-Tagawa, 2004; Pedersen, 2006; Prestes et al., 2008; Shea et al.,
2004; Strasser et al., 2006). Stress hormones, which can suppress immunity,
and pro- and anti-inflammatory cytokines are not elevated during moderate
exercise, but increases with prolonged exercise (Steinberg et al., 2007; Stewart
et al., 2007). Although the immune system returns to pre-exercise levels very
quickly after a single bout of exercise, each bout represents an augmentation in
immune surveillance that appears to reduce the risk of infection over the long
term (Nieman et al., 2005; Nieman et al., 2006).

Numerous surveys in the fields of exercise immunology and sports

science indicate that physically active individuals experience fewer colds than
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their sedentary peers, indicating that moderate type of exercise reduces the
number of days with sickness (Davis et al., 2004; Martin et al., 2009; Nieman,
2000b; Shore et al., 1999).Walking exercise for 45 minutes per day and
performed for 3 days weekly for three months during the winter/spring or fall
reduced the number of days with cold symptoms by half compared to the
control groups which remained inactive (Nieman et al., 1990). Another study
including 547 adults demonstrated a reduction in risk of upper respiratory tract
infection (URTI) in those engaging in regular versus irregular moderate-to-

vigorous physical exercise (Matthews et al., 2002).

It has been theorized that each bout of prolonged and intensive exercise
such as endurance exercise leads to transient but clinically significant
dramatically changes in immune function (Nieman, 1997). Some believe a time
exists immediately following intense exercise, referred to as an “open window”,
when infection risk is increased (Pedersen and Bruunsgraad, 1995). Although it
is assumed that “open window” can last from 3 to 72 hours depending on the
intensity and duration of exercise, it has been shown that lymphocytes and NK
cells may also change parallel to this theory after moderate exercise (Ortega et
al., 2005).

Although it is believed that infection risk decreases with regular moderate
exercise and increases with strenuous long duration exercise (Martin et al.,
2009; Wong et al., 2008), a study showed that triathletes had normal antibody
production to pneumococcal, tetanus, and diphtheria vaccines following a half-
Ironman triathlon competitive event. However, the skin test response to seven
recall antigens applied after the race and measured 48 hours later was
suppressed when compared to control subjects (Bruunsgaard et al., 1997).
These data suggest that the short term but complex immunological reaction to
the delayed type hypersensitivity skin test is negatively affected by prolonged
and intensive exercise, whereas the longer-term, antibody-titer response to
vaccination is not affected. While literature consists of data giving support to
the “open window” theory (Chubak 2006; Ekblom et al., 2006; Wong et al.,
2008), additional research is needed to establish a link with infection risk.
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Epidemiological studies suggest that URTI risk is elevated during periods
of heavy training and in the 1-2 week period following participation in
competitive endurance races especially when athletes exceed individually
identifiable training thresholds (Ekblom et al., 2006; Nieman, 2003; Suzuki et
al., 2002; Suzuki et al., 2003). Many elite athletes have reported significant
bouts with URTI that have interfered with their ability to compete and train.
Studies performed with runners showed that sickness rates following a
competitive marathon race have been observed to be highest in those exhibiting
the lowest salivary IgA levels. Following high intensity exercise for long
duration may cause decreased nasal and salivary IgA concentration, nasal
mucociliary clearance, and nasal neutrophil function which indicate an impaired
ability of the upper respiratory tract to clear external pathogens and may explain

the increased risk of URTI in endurance athletes (Martin et al., 2009).

2.2 Endocannabinoids and the immune system

The presence of endogenous cannabinoid ligands, N-arachidonoyl
ethanolamine, called ANA (Devane et al., 1992), and 2-AG (Lee et al., 1995;
Mechoulam et al., 1995), with their receptors on immune cells suggests that
there is a close relationship between the endocannabinoid and immune system.
Both endocannabinoids are arachidonic acid derivatives arising from the
membrane fatty acid matrix of various cells including neurons and immune
cells (Ahn et al., 2008; Di Marzo et al., 2004; Sugiura et al., 2002).

Both CB1 and CB2 mRNA have been detected in various human immune
effector cells with the order of B cells, NK cells, T cells, T cell subtypes (helper
and cytolytic T cells), neutrophils and macrophage/monocytes (Bouaboula et
al., 1993; Galieque et al., 1995; Munro et al., 1993; Rayman et al., 2004). RT-
PCR results showed that the expression level of CB1 and CB2 receptors vary
among immune organs and is quite higher in mouse spleen when compared to
thymus (Kaminski et al., 1998; Lee et al., 1995; Schatz et al., 1997). CB2

cannabinoid receptor mRNAs were also detected in preimplantaion mouse
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embryo (Paria et al., 1995), macrophage/monocytes of the marginal zone of the
spleen (Munro et al., 1993), in the cortex of the lymph nodes and the nodular
corona of Peyer’s patches (Lynn and Herkenham, 1994). The importance of
CB2 receptor activation in the immune modulatory effects of endocannabinoids
is supported by CB2 receptor activation in autoimmune diseases and many
pathological conditions such as inflammatory pain, myocardial infarction,
stroke, hepatic I/R injury, gastrointestinal inflammatory disorders, liver
inflammatory disorders and atherosclerosis (Marquez et al., 2008; Massa et al.,
2004; Montecucco et al., 2009; Pacher and Gao, 2008; Sipe et al., 2005).
Moreover, studies performed on mice having CB2 receptor null mutation has
clearly shown that B and T lymphocyte subset formation requires CB2 receptor
(Ziring et al., 2006). Although expression level of CB2 gene in immune tissues
appears to be 10-100 times more than CB1 (Shen and Thayer, 1999), studies
showed that CB1 receptor is also involved in the regulation of the immune
system (Sugamura et al., 2009). In spite of structural difference between the
two types of cannabinoid receptors, most exogenous and endogenous
cannabinoids showed similar binding affinity to both receptor subtypes
(Pertwee, 1999). Not only the receptors, but also their endogenous ligands show
variety in mammalian tissues. Further detailed data for CB receptor genes,
distribution and functional properties and their ligands can be reviewed by
Pacher (2006).

It has been suggested that endocannabinoids have local and limited
effects since they are mainly lipophilic and it would be difficult for them to pass
the cell membrane However, it has been shown that they travel as far as 20 um
from their sites of origin (Wilson et al., 2001) and for long-distance-travel, the
existence of endocannabinoid binding proteins has been proposed (Glaser et al.,
2003; Glaser et al., 2005), such as albumin (Bojensen and Hansen, 2003). They
can move sideways within the plasma membrane, where they eventually
interact with intramembranous binding-sites within the CB1 receptor (Song and
Bonner, 1996).
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Literature has shown that exogenous and endogenous cannabinoids have
various effects on innate and adaptive immune response (Facchinetti et al.,
2003; Waksman et al., 1999), such as impairing macrophage functions (Klein et
al., 2003; Sugamura et al., 2009), reducing macrophage chemotaxis (Steffens et
al., 2005), downregulating activation of helper T cells (Malfitano et al., 2006;
Rockwell et al., 2006), disturbing Tcell CD4/CD8 ratio (Hegde et al., 2008;
McKallip et al., 2005), downregulating NK cell activity (Klein et al., 1987,
Massi et al., 2000; Specter et al., 1986), decreasing cytolytic T lymphocyte
activity (Klein et al., 1991), inhibiting cytolytic T cell migration(Joseph et al.,
2004), effecting B cell differentiation (Carayon et al., 1998; Ziring et al., 2006),
and giving rise to impaired host defense against viral, bacterial, or protozoan
infections (Cabral and Dove Pettit, 1998; Cabral and Marciano-Cabral, 2004;
Friedman et al., 1995; Klein et al., 1998). While they have regulatory effects on
T and B lymphocyte proliferation and apoptosis, they also modulate
macrophage-mediated phagocytosis, inflammatory cytokine production,
chemotaxis and inflammatory cell migration (Klein et al., 2003; Klein, 2005).
Moreover, studies have shown that exogenous and endogenous cannabinoids
are able to inhibit tumor angiogenesis and induce apoptosis (Blazquez et al.,
2004; Carracedo et al., 2006; Sarfaraz et al., 2008).

In recent studies, it has been suggested that endogenous and exogenous
cannabinoids may control or suppress immune response through their ability to
induce apoptosis not only in thymocytes and splenocytes (McKallip et al.,
2002), but also in several other cell types (Fernandez-Ruiz et al., 2007; Filippis
et al., 2008; Jacobsson et al., 2000). Kaminski (1998) suggested that CB2
mediated inhibition of the cAMP/protein kinase A (PKA) pathway may be
responsible for the immunosuppressive action of cannabinoids. In addition,
cannabinoids may act also at the nuclear level for apoptosis in the immune
effector cells (Do et al., 2004; Malfitano et al., 2006; Rockwell et al., 2006).
Moreover, VR1 vanilloid receptor activation by ANA has been reported to
trigger apoptosis through a cascade of events, including increase in cytosolic

Ca2+ concentration, cyclo and lipoxygenase activation, drop in mitochondrial
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membrane potential, cytochrome c release and caspase activation, that finally
execute apoptotic cell death (Maccarrone et al., 2000). However, there are
contradictory results whether ANA binds to TRPV1 receptors or not (Contassot
et al., 2004; Contassot et al., 2004; Pacher et al., 2004; Zygmunt et al., 1999).

Cannabinoids were shown to impair antigen processing in macrophages
but not their presentation to T-lymphocytes mediated by the cannabinoid CB2
receptor (Buckley et al., 2000). A study confirmed impaired macrophage/Tcell
cooperation through cannabinoid induced decrease in IFN-y and TNF-a
production by stimulated mouse splenocytes and peritoneal macrophages
(Banchereau et al., 2000). Disturbed macrophage/Tcell cooperation and
functioning has a direct effect on antibody production by B cells. This finding
was supported by several in vivo (Titishov et al., 1989; Nahas and Osserman,
1991; Schatz et al., 1993) and in vitro (Kaminski et al., 1994; Klein and
Friedman 1990) studies which demonstrated inhibition of antibody formation

by natural and synthetic cannabinoids at pmolar concentrations.

In addition to TNF-a, cannabinoids downregulated also the expression of
class 11, la molecules of the major histocompatibility complex (MHC) that has
also a major importance for macrophage/Tcell cooperation (Fischer-Stenger et
al., 1993; Zheng and Specter, 1996). Moreover, cannabinoids inhibited the
secretion of IL-1pB in addition to TNF-a (Klegeris et al., 2003), enhanced the
transcription of several apoptotic genes regulated by NFkappaB (Doet al., 2004)
and blocked the G1/S phase transition in stimulated peripheral blood
mononuclear cells (Malfitano et al., 2006).

Although the precise mechanism of cannabinoid induced immune
dysfunction is not clear, cannabinoids may cause disturbance in the cytokine
production by immune cells (Do et al.,, 2004; Klein et al., 2000). It is
hypothesised that cannabinoids may stimulate the inhibition of adenylyl cyclase
in thymocytes and splenocytes (Croxford and Yamamura, 2005), which in turn
effects CAMP dependent signalling pathways that regulate cytokine mRNA
transcription in macrophages. Cannabinoids caused suppression in 1L-2

expression in leukocytes (Rockwell et al., 2006; Rockwell et al., 2008) and
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decreased levels of IL-1a, IL-1p and TNF-a mRNA (Cabral and Marciano-
Cabral, 2004). A study showed that cannabinoids suppressed IL-12 and
enhanced IL-10 production in LPS stimulated mouse macrophages (Correa et
al., 2005). The relationship between exogenous and endogenous cannabinoids
and cytokines is bidirectional. While cannabinoids may inhibit IFN-y
production and IL-12 secretion, cytokines influences directly the
endocannabinoid system by regulating the degrading enzymes IL-4 or IL-10
stimulated FAAH activity and IL-12 and IFN-y reduced FAAH activity and
protein expression of FAAH (Maccarrone et al., 2001; Sacerdote et al., 2005).

However the effect of exogenous and endogenous cannabinoids may be
differ in their effect on the immune response since the administration dose of
synthetic cannabinoids is mostly above the biological concentrations (Kraft et
al., 2004). A study showed inhibition of T cell proliferation in response to
cannabinoids after administration of high doses to animals (Klein et al., 1998),
whereas low nanomolar concentrations showed the opposite, a stimulatory
effect on human B cell proliferation (Derocget al., 1995) and mouse splenocyte
poliferation (Luo et al., 1992). Schwarz (1994) stated that ANA caused dose
dependent inhibiton in T and B cell proliferation at concentrations likely to be
found in biological systems. Analogues of ANA were shown to downregulate
activation of helper T cells and inhibit adenylate cyclase activity in splenocytes
and thymocytes (Malfitano et al., 2006). As compared to synthetic
cannabinoids, ANA was 3 fold less potent and low concentrations caused
significant inhibition of lymphocytes proliferation and DNA fragmentation,
whereas high concentrations induced apoptosis. ANA also inhibited
macrophage killing of TNF-a sensitive cells, and downregulated IL-4, I1L-6 and
IL-8 production in the same cells at concentrations parallel to be found in living
organisms (Berdyshev et al., 1997; Cabral et al., 1995; Carrier et al., 2006;
Kishimoto et al., 2004).

Both ANA and 2-AG have diverse and common effects on the immune
effector cells depending on the cell type and concentration of the endogenous
cannabinoid. Although LPS led to a high increase in the production of ANA by
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lymphocytes, 2-AG concentration remained unaltered. Therefore, it is thought
that ANA participate in blood cell to cell communication, since, ANA can cross
the blood-brain barrier to inhibit cytokine production (Puffenbarger et al.,
2000), NO and TNF o response to endotoxins (Molina-Holgado et al., 1997)
and stimulation of NO synthase (Stefano et al., 1998). Moreover, ANA at high
concentrations caused cell rounding, loss of motility, blocked chemotaxis and
stimulated NO release in macrophages (Klein, 2005; Klein et al., 2003; Stefano
et al., 1998). It also decreased TNF-a level in bronchoalveolar lavage and
diminished neutrophil recruitment in the lung of mice (Jeon et al., 1996). ANA
and N-palmitoylethanolamine stimulated growth of murine hematopoietic cell
lines in serum free medium (Derocq et al., 1998). Other studies however,
proposed that 2-AG rather than ANA is the true endogenous ligand for both
CB1 and CB2 receptors located on immune cells membranes (Gonsiorek et al.,
2000; Sugiura et al., 1999, Sugiura et al., 2000). 2-AG but not ANA could
inhibit lymphocyte response, T and B cell proliferation (Lee et al., 1995) and
downregulation of IL-2 synthesis by mouse splenocytes (Ouyang et al., 1998;
Rockwell et al., 2008). Moreover, 2-AG suppressed IL-2 expression in
leukocytes (Rockwell et al., 2006), induced the production of IL-8 (Kishimoto
et al., 2004) and enhanced the adhesion of peripheral blood monocytes (Gokoh
et al., 2005). In addition, 2-AG inhibited I1L-6 production, but increased iNOS
dependent NO and resulted in NO release, which was blocked by the NOS
inhibitor, I-NAME and a CB1 antagonist, but not by a CB2 antagonist
production (Chang et al., 2001). There is no doubt that both ANA and 2-AG are
able to modulate immune response but the role for cannabinoid receptors in this

response is completely unclear.

As a summary, it is likely to conclude that endocannabinoid system with
its various receptors, ligands and pathways, has very complex effect on the
immune system with an influence on almost every component of immune
system in order to maintain or restore the well-controlled and finely tuned
balance in immune response. Although the results of the studies focused on the

relationship between endocannabinoid and immune systems were conflicting, it
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seems possible that the endocannabinoid signalling system plays a negative role
in the onset of the immune response, but the exact role for endocannabinoids
and cannabinoid receptors in the maintenance of immune system homeostasis

and the development of immune response needs to be defined in future.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Study design

A longituidinal, prospective, randomized and controlled study was

designed. The study consisted of two parts. The first part of the study was

conducted to determine whether moderate and/or endurance type of exercise

has an effect on the endocannabinoid system. The independent variable was the

intensity of exercise and the groups were labeled as Control (C), Moderate type

of exercise (M) and Endurance type of exercise (H). (Figure 3.1)

INDEPENDENT VARIABLE

ADAPTATION | TREADMILL EXERCISE PROTOCOL

DEPENDENT VARIABLES

White Blood Cell Count

(WBC, Lymphocyte %, Neutrophill % )

10 m/min for GROUPS  EXERCISE INTENSITY

10 minutes for 7 HPLC Analysis|
allgroupswith | Control  (C) :0mimin BLOOD SAMPLING (ANA & 2:AG)
increasing Moderate (M) :19mimin [ |

intensity up to Endurance (H) : 32m/min

protocol

speeds. Time spend on the treadmil Flow Cytometry Analysis

60 min/ day for 5 daysiweek

H BEME E-

(NK cells, B cells, T cells, NK like T cells)

Immunohistological Analysis
and
TUNEL for Apoptosis

WEEKS

Figure 3.1 The design of the first part of the study
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The dependent variables in part 1 of the study were;

(a) Endocannabinoid serum levels: Anandamide, 2-Arachidonylglycerol

(b) Immune effector cells: Natural killer cell (CD3'CD161a"), B lymphocyte
cel(CD3'CD45RA"), T lymphocyte cell (CD3%), natural killer- like T
lymphocyte (CD3"CD161a") cell counts and percentages in addition to white
blood cell count, lymphocyte percentage and neutrophil percentage in blood.

(c) Adaptation of the immune system at the lymphoid tissue level:
Immunohistological analysis CD3, CD8, CD45, CD45RA, CD56 in spleen and
thymus.

(d) Alterations in transcription levels in the endocannabinoid and the immune
systems genes in lymphoid organs: Up or down regulation of the genes coding
for CB receptors (Cnrl, Cnr2), apoptosis pathway (BAX, Bcl2, FAS, Caspase
3), B lymphocytes and their activity (CD19, IgM), T lymphocytes and their
activity (CD247,CD69) and natural Killer cells and their activity (NKR-P1a,
NK-p46) in spleen and thymus tissues.

Results of the first part of the study revealed that endurance type of
exercise affected the endocannabinoid system and caused alterations in the
immune system. Therefore, the second part of the study was performed to
characterize the effect of endurance type of exercise and to determine which
receptor(s) take part in this mechanism. Independent variables were endurance
type of exercise and two different antagonists for CBland CB2 receptors
blockade (AM281 and AM630), respectively. Groups were labeled as in Figure
3.2.

The dependent variables in part 2 of the study were;

(a) Anandamide plasma level

(b) Immune effector cells: Natural Killer cell (CD3'CD161a"), B lymphocyte (CD3
CD45RA"), T lymphocyte(CD3"), helper T lymphocyte(CD3'CD4"), cytolytic
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T lymphocyte (CD3'CD8a’), double positive T lymphocyte (CD3*
CD4'CD8a") and natural killer- like T Iymphocyte (CD3'CD161a")
percentages in addition to T cell activity (CD3"CD25" and CD3'RT1b") in

blood, spleen and thymus.

(c) Adaptation at tissue level in lymphoid organs: Immunohistological analysis of
CD3, CD8, CD45, CD45RA, CD56 in spleen and thymus.

(d) Adaptation at gene level in lymphoid organs: Up or down regulation of the
genes coding for endocannabinoid and immune system parameters in spleen

and thymus tissues analyzed by microarray.

GROUPS INDEPENDENT VARIABLES DEPENDENT VARIABLES
CONTROL
No Exercise
No DMSO
No Antagonists
CB1R + CB2R Antagonists
Exercise o>
m EXERCISE PERIOD WBC COUNT
AM281 (0,5 mglkg) + o) )O> —t [ |WBC number
AM630 (1,5 mglkg} S3 : Lymphocyte %
dissolved in DMSO © > 32 miminutes Newtrophill %
[}
= for 60 min/day
CB1R Antagonist HPLC ANALYSIS
= 9 BLOOD -
Exrcise | | ; |0—| for 5 days/week ANA
AM281 (0,5 malkg ) £ m
dissolved in DMSO
- TIME (WEEK)
0 ? FLOW CYTOMETRY
NK cell %, B lymphocyte%
DM, ANTAGONIST APPLICATION —NKike Thmphocytets,
e || Tymus and Spleen T ymphocyte %,
D);ﬂe:gse helper T lymphocyte%,
2 DOSAGE cytolytic T lymphocyte%,
No Antagonists — Activated T lymphocyte%
AM281 : 0,5 mg/ kg body weight
AM630 : 1,5 mglkg body weight IMMUNOHISTOLOGICAL
EXERCISE 1 —‘]“[55
—— I TE NK cells, T lymphocytes,
Exercise o iites B " B lymphocytes, Apoptosis
No DMSO : ‘minutes before eacl
No Antagonists raining session M|CR°ARRAY
|_|CB1 & CB2 receptor genes,
anabolic and cafabolic:
enzyme coding genes of the
endocannabinoid and
immune system

Figure 3.2 Design of the second part of the study
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3.2 Chemicals

% Antagonists

e CBL1 receptor antagonist AM 281 (Tocris Bioscience, United States)
e CB2 receptor antagonist AM 630 (Tocris Bioscience, United States)
e Dimethyl sulfoxide (DMSO) (Sigma-Aldrich, United States)

% Blood Sampling and Tissue Extraction

e PBS (Sigma-Aldrich, United States)

e Squeeze bottle with 70% ethanol (Sigma-Aldrich, United States)
e Scissors and forceps

e Cutting board or paper towels

e 60x 15-mm Petri dishes

e Stainless steel screen (Thomas)

e Glass tissue homogenizer (Fisher)

o Fetal calf serum (FCS) (Sigma-Aldrich, United States)

e 15-ml conical centrifuge tube

e Vacutainer tubes

* Quantitative Assessment of Endocannabinoids

¢ Phenylmethylsulfonyl fluoride (PMSF) (Sigma-Aldrich, United States )
o Affi-Prep Polymyxin matrix (Bio-Rad Laboratories, Hercules, CA).

e Synthetic Anandamide (Sigma-Aldrich, United States)

e Synthetic 2-Arachidondylglycerol (Sigma-Aldrich, United States)

e Ethanol and acetonitrile (Sigma-Aldrich, United States )

e Ethylendiaminetetraacetic acid (EDTA) (Beckton Dickenson, France)
e Saline solution (Sigma-Aldrich, United States )

% Flow Cytomerty Analysis
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Ig Isotype Control Cocktail-A (BD Pharmingen, United States)
T/B/NK Lypphocyte Cocktail-A (BD Pharmingen, United States)

T Lympocyte Coctail (BD Pharmingen, United States)

Activated T Lympocyte Coctail (BD Pharmingen, United States)
Cell Wash Solution (BD Pharmingen, United States)

FACS Lysing Solution (BD Pharmingen, United States)

Phosphate Buffered Saline Solution (Sigma-Aldrich, United States )

Immunohistological Analysis

Anti-mouse HRP-DAB staining kit (R&D, United States)

(BALBI/c) 19G3 (CD3) (BD Pharmingen, United States)
Mouse(BALB/c) 19G;,k (CD8a) (BD Pharmingen, United States)
Mouse(BALBI/c) 1gGy,k (CD8b) (BD Pharmingen, United States)

Mouse IgA,k (CD11b) (BD Pharmingen, United States)
Mouse(BALBI/c) IgG1,k (CD25) (BD Pharmingen, United States)
Mouse(BALB/c) 1gG1,k (CD45) (BD Pharmingen, United States)
Mouse 1gGy,k (CD45 RA) (BD Pharmingen, United States)

RatlgG2a (CD56) (BD Pharmingen, United States)

Mouse IgG2a (CD56E) (BD Pharmingen, United States)

TrisHCI containing 0.1% tween 20 (Dako, Denmark).

Entellan paraformaldehyde (Merck, Germany).
3.3’-diaminobenzidine-tetrahydrochloride (DAB)( Sigma-Aldrich, USA)
0,01 M phosphate buffered saline (PBS) (Sigma-Aldrich, United States)
biotinilated goat anti mouse secondary antibody kit (R&D, United States)
Streptavidine peroxidase (R&D, United States)

Xylene and alcohol (Merck, United States)

ApopTag in situ detection kit (Q-biogene, United States).
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% RT-PCR

e Thin wall, flat cap, DNase-free, RNase-free 0.2ul and 0.5 pl PCR tubes
(Greiner Bio One, United States)

o DNase-free, RNase-free 20 pl, 100ul, 1000ul filter tips (Greiner Bio One,
United States)

e TRIZOL Reagent (Fluka, Switzerland)

e 3-[N-Morpholino] propanesulfonic acid (MOPS) (Sigma, St Louis, United
States)

e ImProm-II™ Reverse Transcription System (Promega Corporation, United
States)

e dNTP Mix (Promega Corporation, United States)

e 100bp DNA Ladder(Promega Corporation, United States)

e 1kb DNA Ladder (Promega Corporation, United States)

e 50bp DNA StepLadder (Promega Corporation, United States)

e SYBR Gren JumpStart Taq ReadyMIX without MgCI2 (Sigma, St Louis,
United States)

e DEPC (Sigma- Aldrich, United States)

e RNase ZAP (Sigma-Aldrich, United States)

e GoTaq Flexi DNA Polymerase (Promega Corporation, United States)

% Microarray Analysis
o Affimetrix Rat Genome RAE_230 2.0 expression probe array (Affymetrix, Inc.,
San Diego, CA, United States)

e Gene Chip Fluidics Workstation (Affymetrix Inc., San Diego, CA, United
States)
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3.3 Animals

72 male Sprague Dawley rats were obtained from Hacettepe University
Animal Research and Production Laboratory (Ankara, Turkey). Animals were
maintained under standard conditions at the same university with access to food
and water ad libidum. Rats were housed 4 animals per cage under a 12 hours
light and 12 hours dark cycle during the whole study. Housing environment was
22°C with a 19 % humidity level. The studies were carried out in accordance
with the Guiding Principles in the Use of Animals in Experiments as adopted
by the Hacettepe University Ethical Committee with the certification on
05/09/2006 and approval number 2006/53-8.

In the first part of the study, 32 male Sprague Dawley rats were
categorized randomly into 3 groups labeled as; (a) Control (n=9), (b) Moderate
(n=10) and (c) Endurance (n=12) type of exercise groups. In the second part of
the study, 40 male Sprague Dawley rats were categorized randomly into 5
groups labeled as; a) Control (n=8), (b) Exercise (n=8), (c) DMSO (n=8), (d)
AM281 (n=8) and (e) AM281+ AM®630 (n=8). In order to observe adaptation in
both immune and endocannabinoid system, young rats were chosen for this
study (Quinn, 2005). All rats were 4 weeks old at the beginning of the

adaptation period with an average weight of 197,8+17,0 gram.

3.4 Exercise Protocol

3.4.1 Adaptation period:

For both parts of the study, the adaptation period of rats to exercise was
two weeks. During the first week, rats were trained at a velocity of 10 meters
per minute for 10 minutes and for 5 days per week. During the second week of
the adaptation period, the intensity and the duration of the exercise was
gradually increased for the moderate and the endurance type of exercise groups
up to their experimental exercise protocol levels. At the end of the adaptation

level, animals started with their experimental exercise protocols.
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3.4.2 Exercise period:

Figure 3.3 Rats were trained on a motor-driven treadmill according to their

exercise protocols for 5 days/week

3.4.2.1 Part 1 of the study

Rats were exercised 5 days per week for 16 weeks on a motor-driven
treadmill.
a) Non-exercising control group: In order to eliminate the stress caused
by the treadmill itself (Moraska et al., 2000), animals were kept on the treadmill
without running for 60 minutes for 5 days per week.
b) Moderate type of exercise group: Animals exercised at a velocity of
19 meters per minute for 60 minutes for 5 days per week according to Baptista
(2008) and Carmeli (2005).
C) Endurance type of exercise group: Animals exercised at a velocity of
32 meters per minute for 60 minutes for 5 days per week according to Carmeli
(2006; 2005). The statistically significant increase in the heart weight/ body
weight ratio (p=.001) in the endurance type of exercise group at the end of the
study was the confirmation of the high exercise intensity and duration in this
group.
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3.4.2.2 Part 2 of the study

Rats in all groups except the control group were exercised 5 days per
week for 7 weeks on a motor-driven treadmill at a velocity of 32 m/min for 60
minutes per day. Antagonists AM281 (0,5 mg/kg body weight) and AM630 (1,5
mg/kg body weight) dissolved in DMSO were applied by intraperitoneal
injection 20 minutes before each training session to the AM281 and
AM281+AM630 groups (Figure 3.4). The DMSO group received only DMSO
which was the vehicle of the CB1 and CB2 receptor antagonists.

Figure 3.4 Intraperitoneal injection of AM281 and AMG630 dissolved in
DMSO.

Animals in the control group were kept on the treadmill without running
for 60 minutes for 5 days per week in order to eliminate the stress caused by the
treadmill itself (Moraska et al., 2000).
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3.4.3 Termination of the animals

Rats were anesthetized in a chamber containing ether and soaked with
ethanol in order to prevent or reduce the possibility of hair becoming airborne.
All rats were killed by hypovolemic shock since peripheral blood was collected

by intracardiac puncture until death.

3.5 Measurments

3.5.1 Blood sampling and tissue extraction

3.5.1.1 Blood sampling

Rats were anesthetized and needle was inserted just below and slightly to
the left of the xyphoid cartilage at the base of the sternum, at a 20° to 30° angle.
The needle was advanced slowly, applying very slight negative pressure on the
barrel of the syringe. Blood flowed into the hub of the needle when the tip was
entered into the left ventricular chambers of the heart. Blood was gently
aspirated until blood flow ceased. Death was ensured by cervical dislocation
when collection was completed. Blood was handled according to the protocols
for endocannabinoid assessment and flow cytometric analysis as described

below in measurement section.

3.5.1.2 Lymphoid tissue extraction

Rats were placed on a cutting board (or on paper towel) and soaked it
with ethanol to reduce the possibility of hair becoming airborne. A cut through
the skin in the inguinal region was made and with fingers on both sides of the
cut, it is pulled toward the tail and head until the peritoneal wall was
sufficiently exposed. Peritoneal wall was soaked again with ethanol for
sterilization and cut with a sterile scissors. The spleen is attached to the greater

curvature of the stomach by connective tissue. Spleen was lifted with the
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forceps and separated from connecting tissues with scissors. After placing the
spleen into a Petri dish containing medium, it was cut into several smaller
pieces and separately conserved according to the following protocols of flow
cytometry (dipped into saline solution), immunohistological analysis( placed
into cryovials and dipped into liquid nitrogen) and RNA isolation protocols
(dipped into Trizol containing tube on ice).

The same protocol was performed for thymus. An incision in the chest
was made, beginning at the xyphoid and extending to the neck with surgical
scissors. The ribs were retracted with a curved forceps. Thymus is a yellowish-
white bi-lobed organ found just under the ribs, attached above the heart in the
midline. It was grasped with curved forceps and gently placed into a Petri dish

containing medium and handled as the spleen described above.

3.5.2 Quantitative assessment of endocannabinoids

A set of parameters were tested to develop a sensitive method for the
extraction and quantitative determination of the endocannabinoids, ANA and 2-
AG from limited amounts of rat serum. Precise assessment of ANA and 2-AG
serum levels is very difficult and important because of their very low serum
levels (pmol/ml) and the labile structure. Moreover, pre-analytical blood
sampling and handling conditions play important roles in determination of these
highly reactive compounds in serum (Woods et al., 2008).

First, the HPLC method was modified by eliminating the time consuming
derivatization procedure which contains hazardous chemicals. It was possible to
detect ANA and 2-AG in the fractionation step and quantify it with the standard
curve area measurement method (Savinainen et al., 2003). Retention time of
serum ANA and 2-AG were determined using standard ANA and 2-AG
solutions, at 3.2 and 4.2 minutes, respectively (Figure 3.5). By the
quantification of ANA and 2-AG without derivatization, it was possible to
avoid the usage of hazardous chemicals (Benzene and DBD-COCI) and shorten
the time of the HPLC method for at least 1 hour.
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While using the original procedure with the derivatization step described
by Wang (2001), phase separation was observed in samples after the
derivatization step and column atmospheric pressure started to increase over the
tolerable levels after the injection of 15 samples. Moreover, sensitivity of the
measurement did not increase with the derivatization step. Therefore,
modifications were applied to the original procedure by eliminating the
derivatization step of ANA and 2-AG with DBD-COCI at 60°C for 40 minutes
(Koga et al., 1995; Savinainen et al., 2003; Wang et al., 2001).

Extraction and quantification of ANA and 2-AG in peripheral circulation
is challenging. Collecting blood in to the suitable tube and immediate
centrifugation is a critical step. Since endocannabinoids are very rapidly
released from red blood cells in high quantities in ex vivo conditions (Vogeser
et al., 2006), strictly standardized preanalytical protocols such as immediate
centrifugation at 0°C was applied. In this study, ANA and 2-AG serum
concentrations did not fluctuate due to the standardized pre-analytical protocol
(Vogeser et al., 2006; Woods et al., 2008).

The blood volume was decreased from 3 ml to 1 ml whereas percent of
serum in a sample solution was also reduced. Reducing the serum volume to 1
ml and diluting it with 3 volumes of ice-cold saline solution improved selective
adsorption of the PMB-immobilized beads to ANA and 2-AG and prevented
intense interference of other lipids and proteins in the serum. A clear separation
between elutes by HPLC was observed as seen in Figure 3.5. Diluted serum
naturally prevented non-selective adsorption and improved selective adsorption
of ANA and 2-AG to the beads resulting in cleaner samples.

Wang (2001) investigated the effect of serum concentration in saline and
serum mix. According to this study, cumulative recovery of ANA decreased
with the increasing concentration of ANA in the serum solution. By increasing
the dilution of ANA with saline solution, binding efficiency of ANA and 2-AG
on PMB-immobilized beads was such improved that no any ANA or 2-AG
concentrations could be observed in the washing saline solution before the

elution step.
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The saline solution used during the protocol was always ice cold. The
cold glycerol-saline solution as the promising quenching solution for accurate
intracellular metabolite analyses of microbial cells was also investigated
recently (Villas Boas and Bruheim, 2007). It has been shown that blood cells
could synthesize endocannabinoids in ex vivo conditions (VVogeser et al., 2006),
therefore, without any experimentation; it was difficult to decide which storage
conditions were appropriate for ANA and 2-AG. After a set of measurements
with double injections and measured as triplicates at day 1, 7 and 10, it was
determined that ANA and 2-AG are stable in serum and ethanol at -80°C until
10 days (Table 3.1).

Although samples could be stored for at least for 1 week, all conditions
on the days of experiment were suitable for the measurements of ANA and 2-

AG to be performed freshly on the day of blood sampling.

Table 3.1 ANA and 2-AG stored at -80°C as serum and/or ethanol elute.

Day 1 Day 8 Day12 Day 18
(Mean £ SD) | (Mean £ SD) | (Mean + SD) | (Mean = SD)
ANA 514 + 0.24 | 527 + 0.20 | 5.30 £ 0.08 | 419+ 0.53
5 (nmol/ 1 ml plasma)
'c'InJ 2-AG 501 + 029 | 493 £ 060 |4.92+ 059 |3.60 + 1.24
< | (nmol/ 1 ml plasma)
ANA | e 581 + 0.19 | 455 + 0.22 | 3.88+ 0.55
_
2 (nmol/ 1 ml plasma)
- B — 519 + 044 | 498+ 0.77 |508 £ 0.17
E (nmol/ 1 ml plasma)
=
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15.04 2-AG + 1(3)-AG (4.147)

Minutes

Figure 3.5 Chromatogram of rat plasma sample (black line) and the synthetic
standards for ANA and 2-AG (red line).

3.5.2.1 PMB-immobilized beads adsorption assay

Venous blood samples were collected with a syringe by intracardiac
puncture immediately after the last bout of exercise into Vacutainer tubes
containing 4.5nM EDTA and centrifuged immediately at 3500 rpm for 10
minutes at 0°C in order to prevent the release of endocannabinoids from red
blood cells in ex vivo conditions at high quantities (Vogeser et al., 2006). 1 ml
serum was taken and 1mM PMSF was added in order to inhibit fatty acid amide
hydrolase (FAAH) activity which plays role in the degradation process of ANA
and 2-AG. This serum was diluted with 2 ml ice-cold saline solution. Following
this dilution, 1 ml of 50 % Affi-Prep Polymyxin B suspension was added and
shaken for 1 hour at 40°C. After the adsorption process, beads were transferred
to a micro-chromatography column (0,5 x 3 cm) and washed twice with 3 ml
saline solution. Remaining saline was removed by centrifugation at 3000 rpm
for 3 minutes at 0°C. ANA and 2-AG on the beads were eluted twice with 200
ul of ice-cold absolute ethanol. Elutes were dried under nitrogen gas and re-

suspended in 150 pl absolute ethanol for HPLC measurement.
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3.5.2.2 High pressure liquid chromatography (HPLC) analysis

The method employed for HPLC analysis was modified from that of Lang
(Lang et al., 1996). Briefly, a HPLC System (Varian Prostar, United States)
equipped with a 240 pump and a PDA (Varian Prostar, Model 330) detector
was used. Separation was carried out on a TSK gel ODS 80 TM (75x4.6-mm
i.d. x 5 um) column (TOSOH, Tokyo, Japan) with an elution solution of

acetonitrile and water (8:2, v/v) at a flow rate of 1 ml/minute.

minutes

(A) (B)

Figure 3.6 (A) TSK gel ODS 80 TM (75x4.6-mm i.d. X 5 micrometer) column
(TOSOH, Tokyo, Japan) and the separation graph of ANA and 2-AG with its
metabolites 1(3)-AG in a serum sample (green) and synthetic standards (red,
black).

Absorbance was monitored at 204 nm wavelength. The dried and re-
suspended elute from the PMB-immobilized beads column was fractionated by
reverse phase HPLC. The retention time of serum ANA and 2-AG were
determined by using synthetic ANA and 2-AG which were found to be 3.2
minutes and 4.2 minutes, respectively. The concentrations of ANA and 2-AG in
serum were quantified by comparison with calibration curves constructed using
synthetic ANA and 2-AG. Each sample was injected and measured as

duplicates and means were calculated (Figure 3.8).
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The sample measurement was validated by spiking samples with known
concentrations of ANA and 2-AG. The particular sample used for this purpose
had previously been shown not to contain any of these analytes. The spiked
samples were measured according to the same procedure. These were compared
with the results of analyses of standard samples of known composition. The
precision was evaluated by analyzing the same sample three consecutive times

on three days.

mAl

0.0

Figure 3.7 The chromatogram of synthetic ANA and 2-AG mixture (black line)
and rat serum sample worked as duplicate (pink and red lines) from the same
rat.

Calibration and Standard Curve
Varied amounts of synthetic ANA and 2-AG were added to individual

rat serum samples. Each sample was adsorbed with PMB-immobilized beads
and quantified by RP-HPLC (Figure 3.9 and 3.10).
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Figure 3.8 Calibration curve of ANA with a coefficient determinant (r%)of
0.995915. The equation for ANA is: ANA mg/mL = 0.1966 x 10° x AREA

100000 ®

25 5D T35 oo

Figure 3.9 Calibration curve of 2-AG with a coefficient determinant (r’)of
0.997057 . The equation for 2-AG is: 2-AG mg/mL = 0.2448 x 10 x AREA
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3.5.3.Quantitative assessment of immune effector cells

3.5.3.1 White blood cell counts

White blood cell count and differentials were estimated with a Coulter
STKS haemocytometer (Beckman Coulter Inc., Fullerton, CA, United States).
Because cell numbers were determined in whole blood, corrections for changes

in plasma volume were not made.

3.5.3.2 Flow cytometry analysis in blood

100ul blood samples from the same animal were collected into 4.5nM
EDTA containing tubes. 20 ul antibody of the kit of interest (Table 3.2) was
added separately to each tube and mixed by vortex for 3 minutes. All tubes
were incubated in dark at room temperature for 15 minutes. After the addition
of 1.5 ml lysing solution, samples were incubated again in dark at room
temperature for 8 minutes and centrifuged at 1500 rpm for 5 minutes. The
supernatant was discarded and cells were re-suspended by adding 1 ml of PBS
and centrifuged again at 1200 rpm for 5 minutes. The pellet was re-suspended
in 0.5 ml cell wash solution before they are inserted into Flow Cytometry
Analyzer (Becton Dickinson C500, United States).

3.5.3.3 Flow cytometry analysis in lymphoid tissues

50 mg of extracted fresh tissue (thymus and/or spleen) was washed with
saline solution and placed into the Medimachine (BD, United States) for
homogenization. Following the homogenization, cell suspension was
transferred into FACS tubes and remaining homogenate was collected by
washing the medimachine knife with PBS. The homogenate was centrifuged at

1300 rpm for 5 minutes and supernatant was discarded.
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Table 3.2 Antibodies for CD markers and their fluorescent labels used in the

commercial available cocktail kits for flow cytometric analysis

Component Clone Isotype Reacts with
) CD3 cell-surface antigen
APC anti-Rat
T cells D3 1F4 migM found on thymocytes and
_ peripheral T lymphocytes
‘S
kv FITC anti-Rat CD45RA found only on B
3 B cells 0X-33 | mlgG1l
tx) CD45RA lymphocytes
g NKR-P1A (CD161a), 60-
F PE anti-Rat kDa homodimer expressed
NK cells 10/78 mlgG1 .
CD161a on all natural killer (NK)
cells
) CDa3 cell-surface antigen
APC anti-Rat
T cells D3 1F4 migM found on thymocytes and
peripheral T lymphocytes
= hinge-like membrane-
% . FITC anti-Rat proximal domain of the 32-
8 Cytolytic T cells OX-8 mlgG1l ]
= CD8a kDa alpha chain of the CD8
(5]
,f differentiation antigen
. CD4 antigen on most
PE anti-Rat .
Helper T cells cpa 0OX-35 | mlgG2a | thymocytes, a subpopulation
of mature T lymphocytes
) CDa3 cell-surface antigen
APC anti-Rat
T cells D3 1F4 migM found on thymocytes and
_ peripheral T lymphocytes
§ the alpha chain of the IL-2
S . PE anti-Rat receptor on T lymphoblasts
= Activated T cells 0X-39 | mlgGl ] )
5] CD25 and thymic and splenic
|_
5 dendritic cells
S non-polymorphic
(S]
< _ FITC anti-Rat determinants of the Rat
Activated T cells OX-6 mlgG1l )
RT1B MHC class Il antigens, I-A

equivalent
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The pellet was re-suspended in 1 ml of 2% rat serum containing PBS and

incubated at room temperature for 15 minutes. 100 pl of cell suspension was

transferred to several tubes and 20 ul antibodies from the kit of interest (Table

3.3) was added separately to each tube and mixed by vortex for 3 minutes.

Table 3.3 Amount and type of tissue and staining kit used in flow cytometric

analysis.
Amount of 100 pl Blood 100 pl spleen cell 100 pl thymus cell
antibody added suspension suspension
20 pl Ig isotype Control Ig isotype control Ig isotype control
20 ul T lymphocyte T cell cocktail T cell cocktail
cocktail
20 pl T/B/NK cocktail T/B/NK cocktail T/B/NK cocktail
20 pl Activated T Activated T cell Activated T cell
lymphocyte cocktail cocktail cocktail

All tubes were incubated in dark at room temperature for 15 minutes.

After the addition of 1 ml lysing solution, samples were incubated again in dark

at room temperature for 8 minutes and centrifuged at 1200 rpm for 5 minutes.

The supernatant was discarded and cells were re-suspended by adding 1 ml of

wash solution and centrifuged again at 1200 rpm for 5 minutes before they are

inserted into Flow Cytometry Analyzer.
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T/B/NK Cocktail
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Figure 3.10 The interpretation of flow cytometry results for the T/B/NK
cocktail; (A) Discrimination of lymphocyte, monocyte, and granulocyte in the
forward scattered and side scattered gate, (B) CD3+ T cell population separated
from other leukocytes, (C) separation of T lymphocytes and B lymphocytes,
(D) separation of the T lymphocytes, NK cells and NK like T cells.
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Figure 3.11 The histogram plots show the intensity of staining with the specific
antibodies designated on the x-axis
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T Cell Cocktail
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Figure 3.12 The interpretation of flow cytometry results for the T lymphocyte
cocktail; (A) Discrimination of lymphocyte, monocyte, and granulocyte in the
forward scattered and side scattered gate, (B) CD3+ T cell population separated
from other leukocytes, (C) separation of CD3+ T lymphocytes, helper T
lymphocytes, and other CD3-CD4+ immune effector cell (i.e. monocytes), (D)
separation of T lymphocyte subsets (helper & cytolytic T cells) and double
positive T cells.
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Activated T Cell Cocktail
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Figure 3.13 The interpretation of flow cytometry results for the activated T
lymphocyte cocktail ; (A) Discrimination of lymphocyte, monocyte, and
granulocyte in the forward scattered and side scattered gate, (B) CD3+ T cell
population separated from other leukocytes, (C) IL-2 receptor activated
CD3+CD25+T lymphocytes, (D) MHC Il restricted antigen activated T
lymphocytes
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3.5.3.4 Immunohistological analysis

T, B, NK cells and macrophages were immune-labelled in spleen and
thymus by the indirect immunoperoxidase technique. Apoptosis was assessed in
situ by the Terminal deoxynucleotidyl transferase-mediated dUTP nick end-
labeling (TUNEL) method. All experiments were conducted on fresh frozen
tissue samples (Gavrieli et al., 1992; Korkusuz et al., 2002).

3.5.3.4.1 Terminal deoxynucleotidyl transferase-mediated dUTP nick end-
labeling (TUNEL) for apoptosis

Apoptosis was determined by enzymatic labeling of DNA strand breaks
using terminal  deoxynucleotidyl transferase-mediated  deoxyuridine
triphosphate nick end-labeling (TUNEL). TUNEL labeling was conducted
using an ApopTag in situ detection kit. Stainning was then performed according
to manufacturer instructions. Briefly, 5 um frozen sections were mounted on
adhesive pretreated glass slides and fixed with 1% paraformaldehyde in PBS,
pH 7.4 for 10 minutes at room temperature. After washing with PBS, sections
were post-fixed with ethanol: acetic acid (2:1) for 5 minutes at -20°C. Sections
were rinsed and incubated with equillibration buffer for 1 minute. Digoxigenin
labelled deoxyuridine triphosphate and deoxyadenosin triphosphate in terminal
deoxiribonucleotidyl transferase buffer were added to cover each section and
the slides were incubated in a humidified chamber at 37°C for 60 minutes. The
reaction was stopped by immersion in stop/wash buffer. After washing in PBS
(0.01 M, pH 7.4) the sections were incubated in antidigoxigenin rhodamine for
30 minutes at room temperature in the dark. Following washing with PBS, the
slides were covered by 1 drop of DAPI. (Sigma--Aldrich, United States).
Negative controls were processed at the same time by excluding the
deoxiribonucleotidiyl transferase enzyme from the processing steps. All slides
were examined and apoptotic cells were photographed with Leica DM6000B
(Wetzlar-Germany) with a DC490 digital camera (Leica, Wetzlar-Germany).
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3.5.3.4.2 In situ indirect immune peroxidase labeling of effector cells

Six to eight um thick cryostat sections were fixed in acetone for 10
minutes and air-dried for at least 30 minutes. Anti-mouse HRP-DAB staining
kit (CTS002, R&D, United States) was used according to manufacturers’
protocol. Unspecific binding was blocked using rat serum at a dilution of 1:10
for 30 minutes at room temperature. Sections were incubated in a humidified

chamber for an hour with monoclonal antibodies, which are listed in Table 3.4.

Table 3.4 Monoclonal antibodies used for immunohistology

Antibody Clone Isotype Dilution
CD3 G4.18 Mouse(BALB/c) 1gG; 1:20
CD8a OX-8 Mouse(BALB/c) 1gG.,k | 1:20
CD8b 341 Mouse(BALB/c) IgG1,k | 1:20
CD11b WT.5 Mouse 1gA,k 1:20
CD25 0X-39 Mouse(BALB/c) IgG1,k | 1:20
CD45 OX-1 Mouse(BALB/c) IgG1,k | 1:20
CD45RA 0X-33 Mouse 1gGy,k 1:20
CD56 N12F11 RatlgG2a 1:20
CD56E N-CAM13 Mouse 1gG2a 1:20

After washing in 0,01 M PBS at pH 7.4, the sections were incubated with
biotinilated goat anti mouse secondary antibody kit for 10 min at room
temperature and washed in PBS. After incubation with streptavidine peroxidase
for 30 min, slides were washed with PBS and covered with HSS-HRP for 30
minutes at room temperature. The sections were washed with PBS and
incubated with 3.3’-diaminobenzidine-tetrahydrochloride (DAB) for 2 minutes
following suppliers’ written steps. After washing with tap water, sections were
dehydrated through graded alcohols and cleared in xylene prior to mounting
with entellan. All antibodies were diluted in a background reducing buffer
solution in 0.05 M TrisHCI containing 0.1% Tween 20 (Dako, Denmark).
Negative control staining was performed by omitting the initial primary

antibody staining step and using a control mouse Ig G. Positive control staining
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was performed by using appropriate control tissue samples and sections were
photographed by using Leica DM6000B (Wetzlar-Germany) with a DC490

digital camera (Leica, Wetzlar-Germany).

3.5.3.4.3 Quantitative evaluation of immune labeling

The digital images were captured using the Leica DC500 digital camera
(Germany). Quantitative image analysis was carried out by using Leica
Application Suit and Qwin Plus computer image analysis system (Germany) by
modifying the literature (Goyal et al., 2004;Inan et al., 2006; Ugur et al., 2003).

Maximum staining intensity was determined from the positive control
tissue sections by using the image analysis system. Accordingly each spleen
and thymus section was graded for cellular immune reaction on a scale of 0 to
+++ with DAB. 0 was given to no immune reactivity, + to weak but continuous
reactivity, ++ for moderate but continuous reactivity and +++ to intense but
continuous immunostaining. The number of immune positive cells was
expressed as a percentage of positive cells over total cells at 200x
magnification. In every specimen the average of screened/analysed 3 non over-
lapping fields was reported. Staining intensity was combined with the
percentage of stained cells by using the HSCORE that was calculated with the
following equation: H score = 2p (i+1), where i = intensity of staining with a
value of (1 for +), (2 for ++) or (3 for +++) and p is the percentage of positive
cells stained with each intensity, varying between 0-100. X:: The sum of stained
cells at different intensities. For cell apoptosis determination, cells exhibiting
red labeling with rhodamine were considered apoptotic. All counts were carried
out on a light microscope using 200x magnification. Ten visual fields were
selected randomly and the average ratio of the number of apoptotic cells to the
number of DAPI labeled only cells (blue) was considered apoptosis rate; that is
to say apoptosis rate=n the number of apoptotic cells / number of all cells
(Ferrini Magee et al., 2001; Zhang and Yang, 2006).
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3.5.4 Quantitative assessment at gene level

3.5.4.1 RNA isolation from lymphoid tissue

100 mg of spleen and thymus were harvested on ice and placed in screw-
cap tubes containing 1 ml of acid guanidinium thiocyanate-phenol-chloroform
extraction (TRIZOL, Invitrogen Life Technologies, United States). Tissues
were homogenized using The FastPrep® bead-beater system and incubated on
ice for 5 minutes to permit the complete dissociation of nucleoprotein
complexes. 300 ul chloroform was added to ensure phase separation and
samples were agitated vigorously and incubated on ice for approximately 10
minutes. Tubes were centrifuged at 12,000 x g for 15 minutes at 8°C. RNA
found in the aqueous phase was precipitated by adding 0.5 ml of ice-cold
isopropyl alcohol per 1 ml of reagent used for the initial homogenization. The
samples were incubated at -20°C for 10 minutes to facilitate precipitation and
centrifuged at 12,000 g for 10 minutes at 4°C. The supernatant was discarded
and the pellet was washed with 75% ethanol, with at least 1ml of 75% ethanol
per 1 ml of initial volume used for homogenization. After vortex for 2 minutes,
the sample was centrifuged at 7,500 x g for 5 minutes at 4°C to achieve
complete precipitation of the RNA. The supernatant was discarded and the
RNA pellet was briefly dried for approximately 5 to 10 minutes.RNA was
dissolved in RNase-free water by incubating in a water bath for 10 minutes at
55 to 60 °C.

3.5.4.2 RNA quality control

The quality of the extracted total RNA was assessed via measurement of
optical densities (OD) at 230, 260 and 280nm using NanoDrop (ND-1000)
spectrphotometer. RNA concentrations were calculated using absorbance at
A260 nm with the following equation:
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[C] = A260 x RNA constant (40)

A230 and A280 measurements were used to assess the RNA purity and to
assure that the samples were devoid of contaminants such as phenol, protein or
salts.The integrity and the quality of the total RNA were assessed via
denaturing gel electrophoresis on 1% agarose gel containing 37 %
formaldehyde and 3-[N-Morpholino] propanesulfonic acid (MOPS). The
visualization of 18S and 28S ribosomal RNA provides information on the
integrity of the isolated total RNA. The gel electrophoresis has been
documented using BioRad Chemidoc XRS system. After the quality control of
MRNAs extracted from spleen and thymus tissues, it has been decided to use
only one sample from control and moderate groups whereas endurance type of
exercise group data is the average of three independent samples (Yuzbasioglu et
al., 2009).

3.5.4.3 Reverse transcriptase and cDNA synthesis

One to two pg of isolated total RNA was used for the synthesis of cDNA
via incubating at 37°C using 0,5 ug random hexamer oligonucleotide primers
and RNAse H(+) reverse transcriptase enzyme Improm Il (Promega
Corporation, United States). The volume of cDNA’s were completed to 80pul
with distilled water and reserved in -20°C. The reaction was carried out on a
Perkin-Elmer 9700 thermocycler via an initial denaturation of 10 minutes at
65°C followed by incubation at 37°C for 10 minutes to ensure the adequate
hybridization of the oligo dT oligonucleotides. Following the primer binding,
reverse transcriptase enzyme was added to the mixture and the reaction was
carried out at 42°C for 60 minutes followed by 15 minutes at 75°C to achieve

the complete denaturation of the reverse transcriptase.
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3.5.4.4 Quantitative RT-PCR

The cDNAs was subjected to semi-quantitative PCR analysis for the
genes Cnrl, Cnr2, BAX, Bcl2, FAS, Caspase 3, CD19, IgM, CD247, CD69,
NKR-Pla, NK-p46. The gene of interest was amplified from 2 pl of cDNA
using gene specific primers via SYBR-green technique. Four serial dilutions of
a control sample were utilized to establish the regression curve to interpolate
relative expressions of the samples using ACt method. A special hot-start DNA
polymerase enzyme mix was utilized to avoid non-specific miss-priming at
lower temperatures and to ensure the specificity of the product. The mix for
PCR reaction was composed of 25 ul of 2x SYBR green mix, 6 pl of 25 mM
MgCl2, 2,4 pl of both 10 uM reverse and forward primers, 1,5 pl of cDNA
completed to 50 pl with double distilled, deionized water. The PCR conditions
were programmed as 2 minutes at 94°C for initial denaturation, followed by 2
seconds at 94°C for denaturation, and 15 seconds at 60°C for annealing and
extension. The denaturation and annealing-extension cycles were repeated 40
times and the SYBRgreen incorporation at each cycle was detected on
fluorometric quantitative thermal cycler Rotorgene 6500 (Corbett scientific,
Brisbane, Australia).

The expressions of the gene of interest were normalized to the expression
of the house-keeping gene beta-actin which was used as the normalizator. The
primer pairs used for the amplification of the target genes were provided in
Table 3.5.
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Table 3.5 Primer pairs used for amplification of target genes

Amplicon

CD247 (CD3-zeta)

IgM

Bax

Bcl2

Casp3

CD19

CD69

CnR1

CnR2

Fas

NKp46

NKR-P1A

B-Actin

Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense

Sequence
5'-GCAGAAAGACAAGATGGCAGAG-3'
5-AGCAGGGTGAAGCCTTTGAG-3'
5-TGTTCCAACCTTACCTTC-3'
5-ACAACCATACCAGAAGTG-3'
5-TGGGCTGGACACTGGACTTC-3'
5-GAGCGAGGCGGTGAGGAC-3'
5'-GGGAGCGTCAACAGGGAGATG-3'
5'-CAGCCAGGAGAAATCAAACAGAGG-3'
5'-GCCAGAAGATACCAGTGGAG-3'
5-ACGAGTGAGGATGTGCATG-3'
5'-GGCAGGACGATGGACTTC-3'
5-TGGGACCAGACCGAATTG-3'
5-AACACTGGATTGGGCTGAGAAACG-3'
5'-GCCTCGCAGTCTACAGAAGCAAC-3'
5-ACCTACCTGATGTTCTGGATTGG-3'
5-CCATGCGGGCTTGGTCAG-3'
5-CTGCTCCATGCTGTGCCTTG-3'
5-ATCCTTCAGGACCAGAGTCTCAG-3'
5-CCGTGTCAGCCTGGTGAAC-3'
5-TCCACTTCTAAACCATGCCCTTC-3'
5-GTTGAGAACACCAGCCTTGC-3'
5'-AGCCATACTAGAGCCATCACG-3'
5-TGTGTATCACCTCCATCTCTTCC-3'
5'-CGGCATGGCTCCACTGATG-3'
5-GTGCTATGTTGCCCTAGACTTCG-3'
5-GATGCCACAGGATTCCATACCC-3'
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3.5.4.5 Microarray analysis

All GeneChip experiments were conducted in the Hacettepe University
Transcriptomics Laboratory, as recommended by the manufacturer of the
GeneChip system (Affymetrix, Santa Clara, CA). The GeneChip array used was
the Rat Genome RAE_230 2.0 expression probe array (Affymetrix, Inc., San
Diego, CA, United States), which allows for analysis of more than 31,000
transcripts.

Double stranded cDNA was synthesized with a starting amount of
approximately 100 ug full-length total RNA using the 3°’IVT Express System in
the presence of a T7-(dT)24 DNA oligonucleotide primer. Following synthesis,
the cDNA was purified by sample cleanup module. The purified cDNA was
then transcribed in vitro using the High Yield RNA Transcript Labeling Kit in
the presence of biotinylated ribonucleotides form biotin labeled cRNA. The
labeled cRNA was then purified on an affinity resin, quantified and fragmented.
An amount of approximately 10 ug labeled ¢cRNA was hybridized for
approximately 16 hours at 45°C to an expression probe array. The array was
then washed and stained twice with streptavidin-phycoerythrin using the
GeneChip Fluidics Workstation (Affymetrix). The array was then scanned
twice using a Confocal laser scanner (GeneArray Scanner) resulting in one
scanned image. This resulting ".dat-file" was processed using the GCOS
program (Affymetrix) into a ".cel-file" which was captured and loaded into the
Affymetrix GeneChip Laboratory Information Management System (LIMS).
Raw data was converted to expression levels using TMEV software. After
checking for quality, data were exported to the Microarray analysis suite
software for analysis.

Data analysis was performed by the transcriptomics & expression
profiling researchers using the gene array tools package. Principle component
analysis (PCA) was used to identify outliers (defined as samples with potential

technical flaws such as tissue contamination by other surrounding organs) based
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upon overall gene expression values prior to continuing with analysis.

Individual experiment groups were analyzed separately, with the gene
expression levels for all samples from each time point normalized to the median
of their respective control samples prior to statistical analysis. Filtering was
performed to remove low or non-expressing genes using the following criteria:
raw expression value of >50 and a present call in at least two-thirds for any
treatment group within a time point. One-way analysis of variance (ANOVA)
by treatment was performed on this filtered list of genes with a p-value of 0.05,
which would result in 5% of the genes identified as being expected by chance.
To further refine the resulting gene list, only those genes that demonstrated at
least a 2-fold difference in expression levels between the controls and the
individual treated group were included for subsequent investigation. Other
genes and probe sets which do not fulfill the ANOVA mentioned criteria are
also taken into account according to the scientific relevance.

The information content of these data sets is a conjunction of numerical
changes and biological information. The decision to consider a specific gene
relevant was based on a conjunction of numerical changes identified by
comparative and statistical algorithms and the relationship to other modulated
genes that point to a common biological theme. The value of that relationship
was assessed by the analyst through a review of the relevant scientific literature.
Any hypothesis generated from this analysis would need further validation with

other analytical and experimental techniques.

3.6 Statistics

Several statistical methods were used for different sets of data in order to
evaluate the hypothesis that endurance type of exercise would increase plasma
ANA and 2-AG levels, and thereby giving rise to alterations in immune
effector cell counts and percentages in blood and lymphoid tissues. One way
ANOVA in addition to Kruskal-Wallis and Mann-Whitney U tests were used

for the data obtained from the assessment of endocannabinoids and immune
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effector cells measured by flow cytometry.. Immunohistologic data were
analysed by the same nonparametric variance analysis tests. Since overall tests
were significant, follow-up tests were conducted to evaluate pair wise
comparisons among the groups, controlling for Type | error across tests using
the Holm’s sequential Bonferroni approach. The relationship between
endocannabinoids and immune effector cells was assessed with the Pearsons
Product Correlation Coefficient. The SPSS 11.0 Software for Windows was

used.
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CHAPTER 4

RESULTS

4.1 Part 1 of the study

4.1.1 Measurement of the endocannabinoid serum levels

ANA and 2-AG serum levels were significantly higher in the endurance

type of exercise group when compared to the moderate type of exercise and the
control groups (p< .001) (Figure 4.1) (Table 4.1).
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Figure 4.1 Endocannabinoid serum levels in the endurance type of exercise, the

moderate type of exercise and the control groups.

Table 41 Z scores and p values of Mann-Whitney U tests for
endocannabinoids between three groups; the endurance type of exercise, the

moderate type of exercise and the control groups.

Moderate Type of Exercise Control
Endurance -3.42* (p=.001) -3.67 *( p<.001) ANA
Type of -2.70* ( p=.007) -3.46* (p=.001) 2-AG
Exercise

*Correlation is significant at the a = 0.05 level ( 2- tailed).
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4.1.2 \White blood cell counts

White blood cell counts and lymphocyte percentage were significantly
lower in the endurance type of exercise group when compared to that of the
moderate type of exercise and the control groups (p< .001) (Figures 4.2 and
4.3.A). On the other hand neutrophil percentage was significantly higher in the
endurance type of exercise group when compared to the other two groups (p<
.001) (Figure 4.3.B) (Table 4.2)
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Figure 4.2 WBC counts in the endurance type of exercise, the moderate type of
exercise and the control groups.
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Figure 4.3 Lymphocyte and neutrophil percentages in the endurance type of

exercise, the moderate type of exercise and the control groups.
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Table 4.2 Z scores and p values of Mann-Whitney U tests for WBC count,
lymphocyte % and neutrophil % between the three groups.

Moderate Type of Control Group
Exercise
Endurance WBC count -3.46 *(p=.001) -3.77 *( p<.001)
Type of
Exercise Lymphocyte % -2.96 * (p=.003) -3.69 *(p< .001)
Neutrophil % -3.53 *(p=.001) -3.76 *( p<.001)

*Correlation is significant at the a = 0.05 level ( 2- tailed).

4.1.3 Flow cytometry (Immune effector cell counts)

(CD3'CD45RA" ) B lymphocyte (p= .001), (CD3")T lymphocyte (p=
.003) and (CD3'CD161a"* )natural killer like T lymphocyte (p< .001) counts
were significantly lower in the endurance type of exercise group when
compared to the moderate type of exercise group (Figure 4.4).

When the endurance type of exercise group is compared to the control
group, test results showed that there were statistically significant differences
between all immune effector cell counts and percentages, except
(CD3'CD161a") the natural killer like T lymphocyte percentage. (CD3
CD161a") natural Killer cell (p=.017), (CD3'CD45RA" ) B lymphocyte (p<
.001), (CD3%) T lymphocyte (p=.001) and (CD3"CD161a") natural Killer like T
lymphocyte (p< .001) counts were lower in the endurance type of exercise
group when compared to the control group. Moreover, (CD3'CD45RA") B
lymphocyte percentage (p< .001) was significantly lower, whereas (CD3
CD161a") natural killer cell (p=.023) and (CD3") T lymphocyte percentages
(p=.002) were higher in the endurance type of exercise group when compared
to the control group (Figure 4.5). When the moderate type of exercise group
was compared to the control group, (CD3'CD45RA™) B lymphocyte (p= .007)
and (CD3'CD161a") natural killer like T lymphocyte (p= .012) counts were
significantly lower in the moderate type of exercise group (Figure 4.5).
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Figure 4.4 Immune effector cell counts in the endurance type of exercise, the

moderate type of exercise and the control groups.

Table 4.3 Z scores and p values of Mann-Whitney U tests for immune effector

cell counts

Moderate Type of | Control Group Immune  Effector Cell
Exercise Counts
Not Significant -2.39 (p<.017) NK Cell

Endurance | -3.38 ( p=.001) -3.67 ( p<.001) B Lymphocyte

Type of | -2.93 (p=.003) -3.23 (p=.001) T Lymphocyte

Exercise -3.53 (p<.001), -3.76 (p< .001) NK like T Lymphocytes

Not Significant NK Cell

Moderate -2.69 (p=.007) B Lymphocyte

Type of Not Significant T Lymphocyte

Exercise -2.52 (p=.012) NK like T Lymphocytes
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Figure 4.5 Immune effector cell percentages in the endurance type of exercise,

the moderate type of exercise and the control groups.

Table 4.4 Z scores and p values of Mann-Whitney U tests for immune effector

cell percentages

Endurance

Type

Exercise

Moderate Type of | Control Group Immune Effector Cell
Exercise Percentages
-2.01* (p< .044) -2.28* ( p< .023) NK Cell

2.39% (p< .017)

-3.76* (p< .001)

B Lymphocyte

of

Not Significant

-3.15* (p=.002)

T Lymphocyte

Not Significant

Not Significant

NK like T Lymphocytes

*Correlation is significant at the a = 0.05 level ( 2- tailed).
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4.1.4 Immunohistology

4.1.4.1 Assessment of apoptosis with TUNEL labeling

Both endurance (p< .001) and moderate (p< .001) type of exercises
caused a statistically significant increase in apoptotic index when compared to
the control group by using the TUNEL method in the spleen specimens (Figure
4.6). The thymic apoptotic index, however, did not show any statistically

significant difference between groups.
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Figure 4.6 Apoptotic index in the endurance type of exercise, the moderate

type of exercise and the control groups in the spleen.

In spleen, the apoptotic cells were located at the periphery of the
periarteriolar lymphatic diffuse and nodular tissue of the white pulp. They were
also noted within the marginal zone and venous sinusoid walls adjacent to the
white pulp. These were the places where blood born antigen presentation
occured. The apoptotic cell population consisted of lymphocytes and

phagocytotic cell (Figure 4.7).The thymic apoptotic cell groups consisted of the
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T lymphocytes and the epithelial reticular cells. These cells groups were sparse,
exhibited similar number and location patterns (scattered at the
corticomedullary border or within the medulla of the lobule) in the exercise

groups when when compared to the control group (Figure 4.8).

Endurance exercise , spleen || Enduranceexercise, spleenf Endurance exercise , spleen

Moderate exercise, spleen | Moderate exercise, spleen | Moderate exercise, spleen

Control, spleen Control, spleen Control, spleen

Figure 4.7 Micrographs of the spleen specimens belonging to the endurance
type of exercise, the moderate type of exercise and the control groups labeled
by the TUNEL method for apoptosis (200x). Lymphoid follicles (left column),
periarteriolar diffuse lymphoid tissue (central column) and the venous sinusoids
(right column) contain red rhodamine labeled apoptotic cell groups. All cell
nuclei appeared blue with DAPI. Note that the apoptotic cells are numerous in

the exercise groups compared to that of the control group.
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Endurance exercise thymus |Endurance exercise thymus

Moderate exercise thymus | Moderate exercise thymus

Control thymus Control thymus

Figure 4.8 Micrographs of the thymus specimens belonging to the endurance
type of exercise, the moderate type of exercise and the control groups labeled
by the TUNEL method for apoptosis (200x). Thymic lobules exhibited
similarly few numbers of apoptotic cells in their medulla (left column) and their
cortical compartments (right column) in all groups. All cell nuclei appeared
blue with DAPI.
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4.1.4.2 Quantitative evaluation of immune labeling

CD 3 exhibited a diffuse immune staining pattern in all groups. CD3 was
expressed in different stages of developing thymocytes in both cortex and
medulla. CD3 was mainly expressed in the T zones of the spleen. The majority
of the thymocytes and the T cells that are specific antigens presented by the
MHC class 1 molecule that exhibited CD8a and 8b immunoreactivity (Figures
4.9, 4.10,). CD11b was expressed by a relatively low number of cells probably
containing granulocytes, NK cells and subsets of T and B cells in the spleen
(mainly red pulp) and thymus (Figure 4.9, 4.10).

Spleen

Endurance
Exercise

Moderate
Exercise

Control

cD3 CD8a CDSb CD11b

Figure 4.9 Immunohistological labeling of several CD markers in the spleen

(rows present the groups and columns present the surface antigens)
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Thymus
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Exercise

Moderate &
Exercise

Control

CD3 CD8a cD3b CD11b

Figure 4.10 Immunohistological labeling of several CD markers in the thymus

(rows present the groups and columns present the surface antigens )

CD25 which is known as a B cell marker stimulated by anti IgM
antibody, was typically expressed within the lymphatic nodules of the white
pulp of the spleen in all groups. It was also expressed in a low number of the
medullary lymphocytes in thymic lobules (Figures 4.11, 4.12). CD45 exhibited
a broad and strong expression pattern in both the thymus and the spleen
parenchymes. CD45 RA was expressed on resting T cells (Figures 4.11, 4.12).
CD56 which is known as a NK cell marker was also expressed on a subset of T
and B cells. In this study, CD56 exhibited a limited expression pattern within
the red pulp of the spleen and the medulla of thymic lobules. Anti phagoytic
antibody was strongly expressed in all of the parenchymal and stromal
macrophages of the spleen and the thymus (Figures 4.11, 4.12).
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Control

CD25 CD45 CD45RA CD56 pha

Figure 4.11 Immunohistological labeling of several CD markers in the spleen

(rows present the groups and columns present the surface antigens)

Thymus

Endurance Exercise

Moderate Exercise

X

CD25 CD45 CD45RA CD56 pha

Control

Figure 4.12 Immunohistological labeling of several CD markers in the thymus.
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CD8a" and CD8b" cell numbers increased in both the moderate and the
endurance type of exercise groups when compared to the control group in the
spleen (Figure 4.13). Moderate and endurance type of exercise groups did not
differ in terms of CD8a" and CD8b" cell numbers. On the contrary, CD11b"
cells numbers decreased only in the endurance type of exercise group compared
to the moderate type of exercise (p=.024) and the control (p= .007) groups in
the spleen (Figure 4.14). Although CD25" cells also decreased with exercise,
only the difference between the control and the moderate type of exercise group
was statistically significant (p= .022) (Figure 4.15). On the other hand, PHA"
cell number increased in the endurance type of exercise group when compared
to the control group (p=.006) (Figure 4.16).

Unlike the spleen, apoptotic cell percentage did not differ between
groups in the thymus. Only the CD8a" cell number increased significantly in the
endurance type of exercise group when compared to the control group in the
thymus (p=.038) (Figure 4.17).
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Figure 4.13 CD8a" and CD8b" cell numbers in the endurance type of

exercise, the moderate type of exercise and the control groups in the spleen.
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Figure 4.14 CD11b" cell numbers in the endurance type of exercise, the

moderate type of exercise and the control groups in the spleen.
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Figure 4.15 CD25" cell numbers in the endurance type of exercise, the

moderate type of exercise and the control groups in the spleen.
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Figure 4.16 PHA" cell numbers in the endurance type of exercise, the moderate

type of exercise and the control groups in the spleen.
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Figure 4.17 CD8a" cell numbers in the endurance type of exercise, the

moderate type of exercise and the control groups in the thymus.
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4.15 RT-PCR results

There was a statistically significant increase in the splenic CB1 receptor
MRNA expression in the endurance type of exercise group compared to that of
the moderate type of exercise and the control groups (Figure 4.18). The increase
of plasma ANA concentration assisted the increase of CB1 receptor mRNA
expression in these groups.This was meaningful since ANA has been shown to
be the primary ligand of the CB1 receptor and the spleen tissue reflects the
peripheral blood. It can be concluded that exercise causes augmentation of
ANA in the serum and up regulates the CB1 receptor in the spleen. Thus ANA
may act via its CB1 splenic receptor in exercise mediated immune modulation.

CD 247 mRNA expression which exhibits the presence of T cells did not
reveal any significant difference between the control and the exercise groups.
CD 69 was used as a marker of T cell activity. A significant increase in the
CD69 mRNA expression was noted in the moderate type of exercise group
when compared to that of the endurance type of exercise and the control groups.
CD69 mRNA expression level was higher in the endurance type of exercise
group when compared to the control group; but this difference was not
statistically significant (Figure 4.19).

The apoptotic pathway components BAX, caspase 3, Fas and the anti-
apoptotic component Bcl2 mRNA expression remained unaltered in both the
spleen and the thymus which leaded to the conclusion that either apoptosis is
not favored at the cellular level or the apoptotic cascade depends on
phosphorylation rather than nuclear changes at the gene level (Figure 4.20).

No significant difference was noted in NK cell gene expressions
(NKRp46 and NKRp1A) among the endurance type of exercise, the moderate
type of exercise or the control groups in both the spleen (Figure 4.22).and the
thymus (Figure 4.26). B cell gene expression pattern (CD 19 and Ig M) did not
show any significant difference between the groups in the spleen and thymus by
RT-PCR. (Figure 4.21, 4.26).
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Figure 4.18 Splenic CB1 (CNR1) and CB2 (CNR2) receptors mRNA/gene
expression level of the endurance type of exercise, the moderate type of

exercise and the control groups.

cD247 CD69

Control (N=1)

cp247 cD69

Moderate (N=1)

endurance (N=3)

Figure 4.19 Splenic CD247 and CD69 mRNA expression levels of the
endurance type of exercise, the moderate type of exercise and the control

groups.

BAX Caspd FAS  Bcl2

control (N=1)

BAX Casp3 FAS  Bel2

Moderate (N=1)

BAX Caspd FAS  Bcl2

Endurance (N=3)

Figure 4.20 Expression of the apoptotic pathway genes BAX in the spleen
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Figure 4.21 CD19 gene expression reflecting the presence of B lymphocytes
and IgM gene expression specific for B cell activity revealed no significant

difference between the groups in the spleen.
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Figure 4.22 NKRp46 gene expression reflecting the presence of NK cells and
NKRp1A gene expression specific for NK cell activity showed no significant

difference between the groups in the spleen.
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Control (N=1) Moderate (N=1) Endurance (N=3)

Figure 4.23 CB1 (CNR1) and CB2 (CNR2) receptor mRNA expression levels
of the endurance type of exercise, the moderate type of exercise and the control

groups in the thymus.

BAX  Casp3 FAS Bcl2 BAX Casp3 FAS Bcl2 BAX  Casp3 FAS Bel2
Control (N=1) Moderate (N=1) Endurance (N=3)

Figure 4.24 Expression of apoptotic pathway genes BAX, caspase 3, FAS and

Bcl2 in the thymus in the exercise and the control groups.

CD247 CD69

Control (N=1) Moderate (N=1) Endurance (N=3)

Figure 4.25 CD247 gene expression which shows the presence for T cells and
CD69 gene expression which is specific in for T cell activity in the thymus in
the control and the exercise groups.
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Figure 4.26 NKRp46 and NKRp1A gene expressions in the thymus.

4.1.6 Relationship between endocannabinoid serum levels and immune

effector cell counts

There were statistically significant negative correlations between white
blood cell counts, number of lymphocytes, neutrophils and endocannabinoid
levels (Table 4.5). Results showed statistically significant negative correlations
between 2-AG levels and the number of natural killer cells (p=.001) and natural
Killer like T lymphocytes (p=.004). On the other hand, there was a statistically
significant negative correlation between the ANA levels and the number of B
lymphocytes (p< .001), whereas the same endocannabinoid was significantly

positively correlated to the T lymphocyte counts (p< .001) (Table 4.5).

Table 4.5 Correlation coefficients between white blood cell counts, immune

effector cell counts and endocannabinoids.

ANA (P; r values) 2-AG(P; r values)
White Blood Cell Count -.80** (p<.001) -.52** (p=.004)
Lymphocyte Percentage -.66** (p<.001) -.52** (p=.004)
Neutrophil Percentage . 72*%* (p<.001) 56** (p=.002)
Natural Kill Cells Not significant .60**( p=.001)
B Lymphocyte Cells -.74** (p<.001) Not significant
T Lymphocyte Cells .67**(p<.001) Not significant
NK-like T Lymphocyte Cells Not significant -. 52** (p=.004)

** Correlation is significant at the o= 0.01 level (2- tailed).
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4.2 Part 2 of the study

4.2.1 Measurement of ANA serum levels

ANA serum levels were significantly higher in all exercising groups with
or without antagonist application when compared to the control group (Figure
4.27). On the other hand, there were no statistically significant differences
among the endurance exercise, the AM281 and the AM281+AM®630 groups in

terms of ANA serum levels.
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Figure 4.27 ANA serum levels in the endurance exercise, the AM281 (CB1R
antagonist), the AM281+AMG630 (CB1+CB2 R antagonists) and the control

groups

Table 4.6 Z scores and p values of Mann-Whitney U tests for ANA between
the control group and the other three (endurance exercise, AM281 and
AM281+AM630) groups.

Endurance Exercise AM281 AM281+AM630
Group
Control Group -3.34 **( p=.001) -3.47*%* (p=.001) -3.34 **( p=.001)

** Correlation is significant at the o = 0.01 level ( 2- tailed).
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4.2.2 \White blood cell counts

Lymphocyte percentage in blood decreased significantly in the endurance
exercise group when compared to the control group (F= -40,26; p<.001). CB
receptor antagonist applied groups, AM281 (F= 22,91; p=.005) and
AM281+AM630 (F= 18,90; p=.023), had higher blood lymphocyte percentages
compared to the endurance exercise group. However, these groups showed a
statistically significant decrease in blood lymphocyte percentage when
compared to the control group; the AM281 (F= -17,34; p=.027) and the
AM281+AM630 (F=-21,36; p=.005) groups, respectively (Figure 4.28). On the
other hand, lymphocyte percentages of these antagonist applied groups were not

statistically different from each other.
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Figure 4.28 Lymphocyte percentage in the endurance exercise, the AM281
(CB1R antagonist), the AM281+AM630 (CB1+CB2 R antagonists) and the

control groups in blood
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4.2.3 Flow cytometry (Immune effector cell counts)

Blood T lymphocyte (CD3") percentage increased significantly in the
endurance exercise group when compared to the control (Z= 2,42; p=.016) and
the AM281+AM630 (Z= 2,05; p=.04) groups. On the other hand, there was no
statistically significant difference among the control, the AM281, and the
AM281+AM630 groups which may indicate that these antagonists were able to
eliminate the exercise dependent increase in blood T lymphocyte percentage
(Figure 4.29.A). Moreover, blood helper T (CD3"CD4") lymphocyte percentage
did not differ between these groups. Blood cytolytic T (CD3'CD8a")
lymphocyte percentage however was significantly lower in the endurance
exercise group when compared to control (Z=-2,21; p=.027) and AM281 (Z= -
2,73; p= .006) groups. There was also a statistically significant difference
between the AM281 and the control groups (Z= 2,47; p=.013)(Figure 4.29.B).

Difference was not observed between the groups in terms of NK
(CD3'CD161a") and B (CD3 CD45RA") cells of blood and tissue samples
(spleen and thymus). T lymphocyte and T lymphocyte subset percentages did
not differe between the control, the endurance exercise and the antagonist
groups in thymus samples. However, interesting results were noted for some
immune effector cell parameters in the spleen. Splenic T lymphocyte (CD3%)
percentage increased significantly in all exercising groups with or without
antagonist application when compared to the control group (Table 4.7) (Figure
4.30). Moreover, the same increase in these groups was observed also for the
double positive T lymphocyte (CD3'CD4'CD8a") percentage (Table 4.7)
(Figure 4.31).

86



70

. ,Tii!

404

- 016*
304 P

204

p=.027*

CD3+ T Lymphocyte % in blood

20

8 B B ) N= B 8 3 B
ENDURANCE AM231 AM281+AM630 CONTROL ENDURANCE ~ AM231 AM231+AM6E30 CONTROL

EXERCISE EXERCISE

CD3+CD8+ T lymphocyte % in blood

(A) (B)

Figure 429 (A) T (CD3%) lymphocyte percentage and (B) cytolytic
(CD3"CD8a") T lymphocyte percentages in the endurance exercise, the AM281
(CB1R antagonist), the AM281+AM630 (CB1+CB2 R antagonists) and the

control groups in blood

On the other hand, there was a statistically significant decrease in terms of
NK like T lymphocyte (CD3"CD161a") percentage in the endurance exercise,
the AM281, the AM281+AM®630 groups when compared to the control group
(Table 4.7) (Figure 4.32). NK like T lymphocyte (CD3"CD161a") percentage
did not differ between the endurance exercise, the AMZ281, and the
AM281+AM630 groups.

Not only the percentages of T lymphocytes, but also their activity was
assessed by flow cytometry in blood, the thymus and the spleen. CD3"RT1b" T
lymphocyte percentage decreased significantly in the endurance exercise, the
AM281 and the AM281+AM®630 groups when compared to the control group
(Table 4.7) (Figure 4.33). 1L-2 receptor activated T (CD3'CD25") lymphocyte
percentage however did not show any difference among groups. Although
AM281 alone could not avoid the exercise dependent decrease in the activated
T (CD3'RT1b") lymphocyte percentage, AM281 + AM630 caused a significant
increase in the T (CD3"RT1b") lymphocyte percentage when compared to the
endurance exercise group ( Z=2,47; p=.013) (Figure 4.33).
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Figure 4.30 (CD3") T lymphocyte percentages in the endurance exercise, the
AM281 (CB1R antagonist), the AM281+AM630 (CB1+CB2 R antagonists)

and the control groups in the spleen.
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Figure 4.31 (CD3" CD4"CD8a") double positive T lymphocyte percentages in
the endurance exercise, the AM281 (CB1R antagonist), the AM281+AM630
(CB1+CB2 R antagonists) and the control groups in the spleen.
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Figure 4.33 (CD3" RT1b) activated T lymphocyte percentages in the endurance
exercise, the AM281 (CB1R antagonist), the AM281+AM630 (CB1+CB2 R

antagonists) and the control groups in spleen.
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Table 4.7 Z scores and p values of Mann-Whitney U tests for splenic immune

effector cell percentages between the groups.

Exercise Group

AM281

AM281+AM630

Cell type

Control

Group

-2.63 **( p=.009)

-3.01%* ( p=.003)

-2.84 **( p=.005)

T lymphocytes

-3.20 **( p=.001)

-3.24** (p=.001)

-3.26 **( p=.001)

NK like T
lymphocytes

-3.36 **( p=.001)

-3.16%* ( p=.002)

-3.34 **( p=.002)

Double
positive T

lymphocytes

-3.36 **( p=.001)

-3.36%* ( p=.001)

-3.15 **( p=.002)

Activated T
lymphocytes

** Correlation is significant at the o = 0.01 level ( 2- tailed).

4.2.4 Immunohistology

4.2.4.1 Assessment of apoptosis with Tunel labeling

Apoptotic cells increased in the endurance exercise group compared to
the AM281 (p=.007), the AM281+AM630 (p=.002) and the control (p< .001)

groups in the spleen (Figure 4.34), but the difference was not statistically

significant in the thymus. The endurance exercise and the antagonist groups

revealed similar locations for apoptosis in both the spleen and the thymus
compared to the first part of the study (Figure 4.35, 4.36).
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Figure 4.34 Apoptotic index in the endurance exercise, the AM281 (CB1R
antagonist), the AM281+AMG630 (CB1+CB2 R antagonists) and the control
groups in the spleen.
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Figure 4.35 Labeling of apoptotic cells by the TUNEL method in the
endurance exercise, the AM281 (CB1A) and the AM281+AM630 (CB1/2A)
groups in the spleen
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Figure 4.36 Apoptotic cells in the endurance exercise, the AM281 (CB1A) and
the AM281+AM®630 (CB1/2A) groups in the thymus
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4.2.4.2 Quantitative evaluation of immune labeling

Immune efffector cell subsets presented similar immune morphology
and tissue distribution pattern in the control, the endurance exercise and the
antagonist groups in the white pulp of the spleen and the thymic lobules (Figure
4.37, 4.38, 4.39, 4.40).

Spleen

Exercise& o
CB1A 1AW

Exercise
CB1/2A B

cD3 CD8a CDSb CD11b

Figure 4.37 Immunohistological labeling of several CD markers in the spleen

(rows present the groups and columns present the surface antigens)
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Figure 4.38 Immunohistological labeling of several CD markers in the thymus
(rows present the groups and columns present the surface antigens)
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Figure 4.39 Immunohistological labeling of several CD markers in the spleen

(rows present the groups and columns present the surface antigens)
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Figure 4.40 Immunohistological labeling of several CD markers in the thymus

(rows present the groups and columns present the surface antigens)

CD8a’cells increased significantly in the endurance exercise group (p=
.004) and the AM281+AM630 group (p= .015) when compared to the control
group (Figure 4.41). CD8b" cells, on the other hand, increased slightly in all
exercising groups, however the only significant difference was observed
between the endurance exercise and the control groups (p=.011) (Figure 4.41).
Moreover, there was a significant increase in the number of PHA" cells in the
endurance exercise group when compared to the AM281 (p= .001), the
AM281+AM630 (p=.01) and the control (p=.001) groups in the spleen (Figure
4.42). Unlike the spleen, the thymus resisted to any kind of alteration..
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Figure 4.41 (CD8a" and CD8b") cytolytic T lymphocyte cell number in the
endurance exercise, the AM281 (CB1R antagonist), the AM281+AM630
(CB1+CB2 R antagonists) and the control groups in the spleen.
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Figure 4.42 PHA"cell number in the endurance exercise, the AM281 (CB1R
antagonist), the AM281+AM630 (CB1+CB2 R antagonists) and the control

groups in the spleen.

4.2.5 Microarray analysis results

The quality of the extracted and purified mMRNA from the thymus and
the spleen tissues fitted the criteria for the microarray analysis except the
MRNA of the thymus in C5 (control 5t animal) (Table 4.8)(Figures 4.42 and
4.43).
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Figure 4.43 Western blotting of the isolated mMRNA from the spleen and the
thymus of the endurance exercise (E), the control (C), the AM281 (A) and the
AM281+AM630 (2A) groups.

2A3 SPLEEN

2A4 SPLEEN
{ ‘2A5SPLEEN

| 2A6 SPLEEN
E8 thymus
E5 thymus
247 thymus
2A8 spleen
El spleen
C3 thymus
C6 spleen
Cl spleen

b |

f

Figure 4.44 Western blotting of the isolated RNA from the spleen and the
thymus tissues of the endurance exercise (E), the control (C), the AM281 (A)
and the AM281+AM630 (2A) groups.
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Table 4.8 Quality control results of the mRNA isolated from the spleen and the
thymus tissues in the endurance exercise (E), the control (C), the AM281 (A)
and the AM281+AM630 (2A) groups.

sample sample
tissue ID no. ID ng/ul 260/280  260/230
C1 22 CASPLEEN 2123 1,98 2,07
c2 46 C3SPLEEN 3140 1,94 1,76
C3 35 C6SPLEEN 3911 1,82 1,91
C4 42 C2SPLEEN 3153 1,96 2,07
El 26 E1SPLEEN 3695 1,86 1,92
E2 37 E7 SPLEEN 3651 1,87 1,86
z |E3 33 E5 SPLEEN 4195 1,62 1,55
Hj E4 39 E6 SPLEEN 4423 1,42 1,43
i Al 36 A8 SPLEEN 3844 1,83 1,84
2 A2 30 A3 SPLEEN 4377 1,43 1,47
A3 20 A6 SPLEEN 4455 1,17 1,31
A4 11 A4 SPLEEN 4374 1,31 1,46
2A1 38 2A7 SPLEEN 3979 1,78 1,77
2A2 18 2A8 SPLEEN 2762 1,93 2,1
2A3 53 2A5 SPLEEN 2399 2 1,85
2A4 55 2A6 SPLEEN 2247 1,99 2,11
C1 34 CATHYMUS 2612 1,97 2,13
C2 31 C3THYMUS 3330 1,92 1,99
C3 41 C1THYMUS 3229 1,94 2,11
C4 23 C2THYMUS 4432 1,45 1,64
El 2 E8 THYMUS 3603 1,88 2,03
E2 6 E6THYMUS 4228 1,64 1,67
g E3 9 E5THYMUS 4151 1,73 1,95
S |E4 10 E7THYMUS 4282 1,6 1,68
E Al 8 A4 THYMUS 3488 19 2,11
~ A2 15 A3 THYMUS 4176 1,7 1,68
A3 13 A7 THYMUS 4342 1,54 1,61
A4 5 A8 THYMUS 4413 1,43 1,55
2A1 16 2A8 THYMUS 2786 1,96 1,98
2A2 14 2A7 THYMUS 3917 18 1,98
2A3 50 2A3 THYMUS 3412 19 1,83
2A4 52 2A4 THYMUS 3088 1,96 1,73
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302 genes out of 31099 genes were significantly altered in their
transcription level in the exercising group at the nominal 0.001 level of the
univariate test. 190 of these genes were named whereas 112 of them were
annotated in the array and could therefore not be investigated.

There was a significant alteration in the transcription of the CB2 receptor
gene Cnr2 (p=.003) and FAAH enzyme protein coding gene (p= .04) between
the control and the AM281+AM®630 antagonist groups in spleen. The gene
responsible for IgD was also downregulated significantly in the endurance
exercise (p= .016) and the antagonist groups, AM281 (p< .001) and the
AM281+AM630 (p= .002) when compared to the control group (Figure 4.44).
Moreover, there was a significant fold change in CD8 marker protein coding
gene between exercise, control and antagonist groups (Figure 4.45). Also
perforin coding gene showed alteration in the transcription level between the
endurans exercise and the AM281+AM®630) groups (Figure 4.46).Moreover,
alterations in the transcription of the CD38 marker protein coding gene (p=
.017) and IL-15 protein coding gene ( p= .005) were observed between the
control and the AM281 antagonist groups in spleen.

Interestingly, there were also significant alterations in the transcription of
the CD4 (p= .018), CD8 (p= .022), CD48 (p= .009) marker protein coding
genes, IL 4 protein coding gene (p= .03), IL15 protein coding gene (p= .002),
IL-1a protein coding gene (p= .015), INFy protein coding gene (p= .03),
Caspase 8 protein coding gene (p= .017), NFxB protein coding gene (p= .026)
in addition to endocannabinoid system related genes coding for CB2 receptor
(p=.015), FAAH enzyme (p=.004), MGL enzyme (p= .046) and DGL enzyme
(p= .004) between the control and the AM281+AM®630 groups in the thymus.
CD48 marker protein coding gene between the endurance exercise and the
AM281+AM630 groups (p= .03). Apoptotic pathway related genes coding for
caspase8 (p= .006) and NFxB (p= .037) were upregulated and showed altered
expression levels between the endurance exercise and the AM281+AM630
groups.Caspase8 coding gene showed also altered expression between the
control and the endurance exercise groups (p=.05).
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Genes coding for CD69, CD4, CD 244, CD14, CD48, IgM, did not show
any changes in transcription in the spleen. The expressions of the apoptotic
pathway related genes Bax, Fas, casp3, Bcl2, Fasl, Casp8, and NFKB were not
altered between experiment groups. Moreover, genes coding for IL-4, IL-10,
IL-6, IL-2, IL-la, IFNy did not show any significant difference in their
expression levels between groups in the spleen.

CD3 zeta, CD25, CD45RA, CD45R0O, CD19, CD10, CD21, CD27,
CD11c, CD11b, CD16, CD56, CD57, CD161a, NKp46, rNKp30 and RT1b
coding genes were not available or yet annotated in the array and could
therefore not be investigated.

However, several genes were disregulated during exercise. Genes with
maximum impact in spleen were tabulated in Table 4.10. Moreover, there were
also significant alterations in the transcription of several genes related to the
immune function (Table 4.9), however these data needs to be further elucidated

and confirmed at protein level with upcoming experiments.
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Figure 4.45 Alterations in the expression rate of IgD protein coding gene in the
control, the endurance exercise, the AM281 and the AM281+AM630 groups.
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Figure 4.46 Alteration in the expression level of CD8 marker protein coding
gene in the control, the endurance exercise, the AM281 and the
AM281+AM630 groups.
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Figure 4.47 Alteration in the expression level of perforin protein coding
gene Prflin the endurance exercise and the AM281+AM630 groups.
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Table 4.9 Fold change of genes related with the immune system

Description Fold change
similar to killer activatory receptor-like protein p91D 7.26
Killer cell lectin-like receptor subfamily B, member 1A 2.16
leukocyte immunoglobulin-like receptor, subfamily B, member 4 1.99
Fc receptor, IgE, low affinity I1, alpha polypeptide 1.87
killer cell lectin-like receptor, family E, member 1 1.77
leukocyte receptor cluster (LRC) member 9 1.68
CD180 molecule 1.67
thymus cell antigen 1, theta 1.65
granzyme K 1.62
Ret proto oncogene 1.62
major histocompatibility complex, class Il, DM beta 1.58
Sialophorin 1.55
presenilin associated, rhomboid-like 1.50
chemokine (C-C motif) ligand 3 1.49
lymphotoxin B 1.37
fos-like antigen 2 0.67
chemokine (C-X-C motif) receptor 4 0.50
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Table 4.10 Genes with maximum impact in spleen

Description Fold change

Heat shock 70kD protein 1B (mapped) 49.8
Heat shock 70kD protein 1A 44.4
FBJ osteosarcoma oncogene 8.1
Heat shock 105kDa/110kDa protein 1 8.0
Heat shock protein 1 7.4
DnaJ (Hsp 40) homolog, subfamily A, member4 5.0
Heat shock protein 90, alpha (Cytosolic), class A, memberl 4.8
Similar to death effector domain containing DNA binding protein 2 3.8
Secretin receptor 3.8
Cysteine and histidine rich domain (CHORD)-containing zinc binding | 3.5
protein...........

Proprotein convertase subtilisin/kexin type 1 34
Calcium/calmodulin dependent protein kinase 11, alpha 3.3
DnaJ (Hsp40) homolog, subfamily B, member 3.3
Fos-like antigen 2 2.7
Similar to AHA1, activator of heat shock 90kDa 2.7
NUAK family, SNF1 like kinase, 2 2.7
ADP ribosylation factor like 11 2.5
Heat shock protein 90kDa alpha (cytosolic) 2.2
Lipin2 2.4
TSC22 domain family, member 4 2.2
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4.2.6 Relationship between ANA serum levels and immune effector cells

percentages.

Correlation coefficients were computed between ANA and the immune
system parameters (total lymphocyte, NK cell, B lymphocyte, T lymphocyte,
NK like T lymphocyte, helper T lymphocyte, cytolytic T lymphocyte, and
activated T lymphocyte percentages) in blood, the spleen and the thymus. NK
like T lymphocyte (CD3"CD161a") and activated T lymphocyte (CD3"RT1b")
percentages were significantly negatively correlated to ANA in the spleen
(Table x). Moreover, T lymphocyte (CD3") and double positive T lymphocyte
(CD3"CD4*CD8a") percentages were significantly positively correlated to
ANA in the spleen (Table 4.9). On the other hand, there was no statistically
significant correlation between ANA and immune system parameters in blood
and the thymus.

Table 4.11 Correlation coefficients between ANA and immune effector cell

percentages in the spleen

ANA

(r value ;p value)
NK like T lymphocyte % (CD3"CD161a") -.45% (p=.014)
Activated T lymphocyte % (CD3'RT1b") -.62** (p<.001)
T lymphocyte % (CD3") . 40* (p=.03)
Double positive T lymphocyte % (CD3"CD4'CD8a") 67** (p<.001)

** Correlation is significant at the o= 0.01 level ( 2- tailed).

* Correlation is significant at the a = 0.05 level ( 2- tailed).
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CHAPTER 5

DISCUSSION

At the beginning of the study, it was assumed that exercise intensity may
have an effect on both (1) the endocannabinoid and (2) the immune systems.
Therefore, in the first part of the study, moderate and high intensity protocols
were utilized to observe the effect of intensity on the endocannabinoid system
by monitoring the changes in ANA and 2-AG serum levels. In the second part
of the study, the relationship between exercise induced increase in the ANA
serum levels and immune effector cell alterations (B cell, NK cell, NK like T
cell, T cell, helper T cell, cytolytic T cell, double positive T cell and activated T
cell) in three different tissues (blood, the spleen and the thymus) were
researched at the cellular and the molecular levels using flow cytometry,
immunohistological analysis, RT-PCR and microarray methods. Moreover,
with the use of CB1 and CB2 receptor antagonists, AM281 and AM630
respectively, it was aimed to determine the involvment of these receptors in the
exercise dependent alteration in the endocannabinoid and the immune systems.

Findings of this study provided the first evidence that exercise performed
at moderate and high intensities activated the endocannabinoid system
differently and are suggestive of a new neurohumoral mechanism for the
endurance type of exercise dependent immune system alterations. As endurance
type of exercise dramatically elevated ANA and to some extend 2-AG serum
levels, we hypothesized that endocannabinoids might be produced in the
peripheral system as a response to the endurance type of exercise and act on the
immune effector cells to regulate the immune system. This hypothesis is
supported by two findings: First, ANA and 2-AG are synthesized in and
released from a variety of peripheral cells, including the immune effector cells
(Klein et al.,, 2003). Second, ANA and 2-AG caused profound immune
suppressive and stimulating effects (Berdyshev et al., 2006; Klein et al., 2003),

which are mediated by the CB1 and/or CB2 cannabinoid receptors located on
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the B, T and NK cells (Bouaboula et al., 2003).

Exercise intensities activated the endocannabinoid system at different
degrees. ANA and 2-AG responded differently to exercise intensity. Only
endurance type of exercise performed at high intensity dramatically elevated
ANA and to some degree 2-AG levels. Endurance type of exercise caused a
steep increase in ANA plasma levels from pmol to nmol/ml concentrations in
the serum, whereas moderate type of exercise did not cause any significant
alteration compared to the control group. This steep increase of ANA serum
level in the endurance type of exercise group might be a response to stress
caused by high intensity of exercise. These results are supported by a recent
study that clearly showed that exercise-induced analgesia is intensity dependent
(Hoffman et al., 2004) suggesting that increases in ANA serum levels and CB1
receptor signaling were exercise intensity dependent.

ANA serum levels were 2 times higher after the 16 weeks of endurance
training when compared to 7 weeks training at the same exercise intensity and
frequency; approximately 3 nmol and 1,5 nmol, respectively. This outcome
indicated that the length of the training period might have an additional effect
on the increase of ANA in the peripheral system.

Not only ANA, but also 2-AG serum levels differed in the endurance type
of exercise group. However unlike ANA, 2-AG serum level increased gradually
with increasing exercise intensity and to a lower extend compared to ANA.
Despite the fact that both ANA and 2-AG are endogenous ligands of the CB1
receptor, it is not surprising that the two ligands responded differentially to
endurance and moderate types of exercise. ANA and 2-AG do not share
common pathways of synthesis and metabolism, with 2-AG being largely
produced by phospholipase C-mediated generation of diacylglycerol, which is
subsequently converted to 2-AG by the actions of diacylglycerol lipase
(Bisogno et al., 2005). Additionally, 2-AG is primarily metabolized by
monacylglycerol lipase, while ANA is primarily metabolized by FAAH
(Bisogno et al., 2005). As the pathways of synthesis and metabolism of these
ligands are dissociable, it is not unexpected that exercise would evoke changes

in one of these ligands and not the other at endurance and/or moderate intensity,
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indicating that ANA might play a primary role in exercise induced
endocannabinoid system alteration. The higher increase in ANA compared to 2-
AG was supported by Sparling and his co-workers (Sparling et al., 2003) who
stated that running and/or cycling at moderate intensity causes a significant
increase in ANA but not 2-AG serum levels in trained athletes. Although
Sparling and his co-workers reveal that ANA increased from 1 pmol to 3 pmol
after a bout of moderate type of exercise, the increase in ANA and 2-AG serum
levels at moderate intensity were very low and not significant in this study. On
the other hand, for the first time in the literature, this study showed that
endurance type of exercise caused a significant increase in both ANA and 2-AG
serum levels.

This is the first study in literature that assessed and also compared the
levels of ANA and 2-AG in the peripheral system at two different exercise
intensities including moderate and endurance type of exercises. Another study
in the literature supported exercise induced endocannabinoid system activation
by measuring ANA and 2-AG levels in the central nervous system
(hippocampus and prefrontal cortex) after voluntary wheel running with no
specific exercise intensity (Hill et al., 2009). Although Hill and his co-workers
supported the results of this thesis by stating that the endocannabinoid system is
regulated by voluntary exercise; some aspects of that study should be clarified
and discussed in details. In the first part of Hill’s study, mice were terminated
with decapitation but in the second experiment, animals were overdosed with
sodium pentobarbital and perfused transcardially. Both termination methods are
known to release endocannabinoids and results are not comparable to that of the
current study (Schelling et al., 2006; Vogeser et al., 2006). However, together
with the results of the studies performed by Hill and his co-workers (Hill et al.,
2009), it is possible to state that exercise induced stress might have a
stimulatory effect on ANA synthesis and release in both the central and the
peripheral systems. In addition to the critical pre analytical conditions affecting
the ex vivo endocannabinoid release in blood, employing activity on a treadmill
produced physiological adaptations indicative of chronic stress in Sprague

Dawley rats (Moraska et al., 2000) and these changes could potentially increase
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the ANA plasma levels. Therefore, the control group in this study was placed
on the treadmill for an hour without any exercise in order to equalize the stress
caused by the treadmill itself (Hill et al., 2009).

It has been determined that although both ANA and 2-AG are
components of the endocannabinoid system, they respond differently to
endurance type of exercise. One explanation for the difference might be the
functional divergences between ANA and 2-AG (Joseph et al., 2004, Sugiura et
al., 2006; Sugiura et al., 2002). These endocannabinoids are synthesized
through different biochemical pathways and may be produced under different
conditions. Although ANA is stable in the presence of PMSF which inhibits
FAAH (Cravatt et al., 2001), some of the 2-AG may rapidly converted to 1-AG
and 3-AG via monoacyl glycerol lipase and/or diacylglycerollipase (Sugiura et
al., 2000). Both pathways showed significant alterations between the control
and the exercising groups in the transcription of related enzyme (FAAH, MGL
and DGL ) and CB2 receptor coding genes indicating that both ANA and 2-AG
are degraded at higher rates as a response to endurance type of exercise.
Metabolites of ANA and 2-AG showed a great variability according to the
pathway used (Sugiura et at., 2002; Wei et.al., 2006). Diverse structures of
ANA and 2-AG are strictly recognized by CB1 and CB2 receptors while the
metabolites, 1-AG and 3-AG, are not (Sugiura et al., 2002; Sugiura et al., 2000;
Valk et al.,, 1997). In addition, 2-AG may also be oxygenated and thereby
converted to PGE2-G which induces a rapid mobilization of Ca+2 during
exercise (Nirodi et al., 2004). Therefore, it can be concluded that it is difficult
to totally prevent the hydrolysis of endocannabinoids and especially 2-AG. Not
only 2-AG but also ANA can bind to CB2 receptors and initiates Ca2+
signaling via phospholipase C and inositol 1,4,5- trisphosphate (IP3) (Zoratti et
al., 2003). It has been clearly shown that endurance training may decrease free
Ca+2 concentrations through altered intracellular signaling, possibly to
maintain lymphocyte function during stress (Broadbent and Gass, 2006). The
endurance training induced altered intracellular Ca+2 signaling can be the result
of exercise stimulated endocannabinoid system activation and play role in

lymphocyte regulation.
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The exercise intensity dependent increase in ANA serum levels was
accompanied by the splenic CB1 receptor mRNA expression in both exercising
groups after a 16 week training period. This was meaningful since ANA has
been shown to be the primary ligand of CB1 receptor and spleen tissue reflects
the peripheral blood (Bakovic et al., 2005; Frances et al., 2008). It can be
concluded that exercise causes augmentation of ANA in plasma and up
regulates the CB1 receptor in the spleen. Thus ANA may act via its CB1
splenic receptor in exercise mediated immune modulation.CB2 receptor mMRNA
expression on the other hand did not show any significant changes among
groups in the spleen, but its transcription rate increased in the thymus as a result
of AM281 and AM630 application in addition to endurance type of exercise
indicating that receptor dependent endocannabinoid system regulation might be
tissue specific. Moreover, it is possible that the changes in receptor binding may
be a result of changes in ligand availability. Several studies in literature have
indicated that the regulation of the cannabinoid CB1 receptor and its
endogenous ligands are not coupled in the typical negative regulation
relationship, in which the ligand down regulates its own receptor (Hill et al.,
2005). Direct infusion of endogenous cannabinoids both up-regulated CB1
receptor mRNA transcription (Kola et al., 2005) and stimulated membrane
expression of CB1 receptors (Maccarrone et al., 2008). These results indicated
that increased endocannabinoid signaling can promote both the genetic
expression and surface recycling of the CB1 receptor as shown in this study.
This was also supported by studies with FAAH null mutated mice. Consistent
with their inability to efficiently degrade ANA, FAAH(-/-) mice showed
different behavioral responses to ANA, which were blocked by pre-treatment
with a CB1 receptor antagonist, indicating that ANA acts as a selective CB1
agonist (Wise et al., 2007). Moreover, Keeney (2008) supported the CB1
receptor involvement in the relationship between exercise and
endocannabinoids. He and his co-workers stated that injection of CB1 receptor
antagonist decreased running speed and distance in endurance exercising mice,
indicating that endocannabinoids may also play role in endurance exercise

induced neurobiological rewarding through CBL1 receptor activation (Keeney et
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al., 2008).

Both CB1 and CB2 receptors showed increased mRNA expression levels
at different rates in two lymphoid organs; the spleen and the thymus, indicating
the involvement of these receptors in the exercise induced immune system
alteration. A number of pharmacological studies with high affinity ligands
strongly supported the existence of both CB1 and CB2 receptors in immune
tissues (Galieque et al., 1995). Experimental results obtained from studies in
vitro strongly suggest that both ANA and 2-AG induces the stimulation of
several types of inflammatory cells and immune-competent cells, via CB1 and
CB2 receptor dependent mechanisms, thereby stimulating inflammatory
reactions and immune responses (Klein et al., 2003; Newton et al., 2009) as
seen in the results of this study. Both white blood cell count and lymphocyte
percentage were lower in the endurance type of exercise group, whereas
neutrophil percentage seems to be increased. (CD3") T lymphocyte and (CD3"
CD161a") NK cell percentages were higher, whereas (CD3'CD45RA") B
lymphocyte percentage was reduced after 16 weeks of endurance training. On
the other hand, the stress caused by exercise at moderate intensity for 60
minutes had no effect on WBC count, neutrophil and lymphocyte subset
percentages. This finding was supported by other studies which clearly showed
that immune system alterations after strenuous exercise are neutrophilia and
lymphopenia (Nieman, 2000a; Mackinnon, 1999; Kriiger et al., 2008;
Murakami et al., 2009), whereas moderate exercise did not cause any alteration
in lymphocyte subsets (cytolytic T cells, helper T cells, T cells, NK cells and B
cells) (Markovitch et al., 2008). Although exercise causes an increase in
neutrophil number, neutrophil function has been reported to be suppressed in
athletes, and may depend on the severity of training (Kumae et al., 2009).
Several studies showed that following severe exercise, the blood lymphocyte
levels fall below normal levels and the duration of suppression depends on the
intensity and duration of the exercise (Pyne et al., 2000). Tvede and his co-
workers showed that the immune system was suppressed following the 60
minutes lasting intense exercise with the intensity above 75% of VO2max, but

not at the intensity of 50 % of VO2max (Tvede et al., 1989). Similarly, another
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study performed with 22 healthy young males trained for 60 minutes on a
treadmill ergometer at moderate speed (60% of the maximum aerobic speed)
supported the outcomes of our study that moderate intensity does not cause any
significant change in the number and function of T lymphocyte subsets and
cytokine production (Romeo et al., 2008).

Because of an overall reduction in the number of immune effector cells in
the endurance type of exercise group after 16 week training, it was not
surprising to observe lower NK cell, B cell, T cell and NK like T cell counts
compared to the control group. Moderate type of exercise also caused a
decrease in the number of immune effector cells compared to the control group,
but this was to a lesser extent compared to the endurance type of exercise
group. This finding indicated that exercise intensity plays an important role in
the apoptotic rate in blood immune effector cells (Wang and Huang, 2005).
This was mimicked by the splenic immune effector cell population where
apoptotic cells increased highly in the endurance type of exercise group and to a
lesser extend in the moderate type of exercise group compared to the control
group by using the Tunel method. The immune effector cells in the thymus, on
the other hand, resisted to the exercise induced alterations and the apoptotic
index did not differ significantly among groups. These results were supported
by several studies stating that immune effector cell alterations return quickly to
baseline levels after 60 minutes of moderate type of exercise but remain altered
for 6 hours after endurance exercise (Lagranha et al., 2004, Wang and Huang,
2005, Wang and Lin, 2009). Moreover, it has been shown that ANA can
stimulate apoptosis in lymphocytes, especially in the spleen (McKallip et al.,
2002; Schwarz et al., 1994). Therefore, it has been suggested that this overall
reduction in immune effector cells is endocannabinoid-mediated and may result
from the ability of endocannabinoids to induce apoptosis in immune cells,
particularly in peripheral NK, T and B cells (Do et al., 2004; Rockwell et al.,
2006; Malfitano et al., 2006).

The decline in the lymphocytes was also observed by 7 weeks of
endurance training in the second part of the study. Lymphocytes decreased in

both the blood and the spleen in the endurance type of exercise group whereas a
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change in the thymus was not observed. The CB1 receptor antagonist AM281
and the CB2 receptor antagonist AM630 could partially reverse the apoptotic
effect of endurance type exercise in blood and the spleen since antagonist
applied groups showed statistically lower lymphocyte numbers than the control
group, but higher lymphocyte numbers than the endurance type of exercise
group. These results indicated that both CB1 and CB2 are involved in the
pathway of endurance exercise induced lymphocyte apoptosis in blood and the
spleen, but there might be other receptors and/or receptor independent
components taking part in this complex pathway.

Do and his co-workers demonstrated that exogenous and endogenous
cannabinoids can induce apoptosis through activation of both CB1 and CB2
receptors and thereby giving rise to cannabinoid-mediated immune suppression
and anti-inflammatory response where NF-kB played a critical role in this
process (Do et al., 2004). With the use of CB1 and CB2 receptor antagonists in
the same study, outcomes suggested the involvement of both CB1 and CB2
receptors in apoptosis and indicated that simultaneous activation through both
receptors may be necessary to induce apoptosis. In the first part of the study,
RT-PCR results showed that the apoptotic pathway components BAX, caspase
3, Fas, and the anti- apoptotic component Bcl2 mRNA expression remained
unaltered in both spleen and thymus which leads to the conclusion that either
apoptosis is not favored at cellular level or the apoptotic cascade depends on
phosphorylation rather than nuclear changes at the gene level. However, in the
second part of the study, microarray technique was used to have an on overall
view of the events after endurance exercise. The expression of apoptotic
pathway related genes Bax, Fas, FasL, caspase3 and Bcl2 remained unaltered
between the exercising groups and the control group, however, NFKB,
caspase8, perforin and granzymes were upregulated and showed altered
expression levels in the endurance type of exercise group. This may indicate
that exercise induced apoptosis is favored by (CD3'CD8") cytolytic T cells
which are able to directly induce apoptosis by opening up pores in membranes
by secreting perforin and granzymes (Cotran et al., 1998), which were

upregulated with fold changes. The increase of perforin as protein levels in
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blood was also shown in literature (Staats et al., 2000). This was supported by
the incline of (CD3'CD8") cytolytic T cell count in the spleen having the
possibility to give rise to higher perforin and granzyme secretion which in turn
increased the apoptotic index in spleen. Although apoptosis was observed by
lower counts of lymphocytes in blood and the spleen by flow cytometric
analysis in addition to higher apoptotic index calculated by the TUNEL method,
the expression of apoptotic pathway related genes Bax, Fas, FasL, caspase3 and
Bcl2 remained unaltered in both parts of the study indicating that apoptosis is a
result of phosphorylation rather than using the apoptotic pathway cascade.
Although, immune effector cell subsets exhibited normal distribution
patterns within the T and B cell zones at the lymphoid tissue sections, their
subsets, in number by blood flow cytometry and immunohistological analysis.
(CD8a") and (CD8b") cytolytic T cells increased in the spleen in the endurance
type of exercise group, but showed a decline in blood when compared to the
control group. Blood (CD3") T cells, on the other hand, increased whereas
CD3'CD4" T lymphocytes and CD4/CDS8 ratio did not change after endurance
type of exercise. These outcomes were supported by a study with a similar
exercise protocol where rats swam for 60 min/day, 5 days/week for 4 weeks.
Results of this study showed that subpopulation of CD3*CD4" T lymphocytes
and the CD4(+)/CD8(+) ratio did not change significantly whereas CD3"CD8"
T lymphocytes increased with endurance exercise (Kwon et al., 2008). In this
study however, (CD25%) regulatory T cell subtype, declined as a response to
exercise, indicating a complex immune response rather than immune effector
cell redistribution as a response to exercise. It is accepted that (CD24")
regulatory T cells that co-express CD4 and CD25 (the interleukin-2 receptor
alpha-chain) take part in the mechanisms for the active suppression of
autoreactivity and are powerful inhibitors of T-cell activation both in vivo and
in vitro. Down regulation of these cells as shown in this study as a response to
exercise might be beneficial for the enhancement of the immunogenicity of
vaccines that are specific for tumor antigens (Shevach, 2002). A study with 12
week period of regular moderate exercise, on the other hand, caused an increase

in the absolute value and percentage of (CD4°CD25%) regulatory T
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lymphocytes and a decrease in (CD3'CD8") cytolytic T lymphocyte
percentages whereas absolute value of (CD3"CD8") cytolytic T lymphocytes
remained unaltered (Yeh et al., 2007). Another study compared absolute values
and fractions of CD3" T lymphocyte subsets after endurance training and
exercise in Alaskan sled dogs bred for endurance racing. Results of this study
showed that 1100 mile race did not have any significant effects on absolute
numbers or fractions of helper and cytolytic T lymphocytes whereas a 7-month
training period caused a significant increase in the fraction of cytolytic T (Davis
et al., 2008). The alteration in cytolytic T lymphocytes after training, but not
after a single bout of endurance exercise, indicate that cytolytic T lymphocyte
alteration is associated with the chronic effect of endurance exercise rather than
acute effect as supported by this study (Davis et al., 2008). Endurance type of
exercise had no effect on thymic T lymphocytes subsets and other thymic cell
populations in this study and these outcomes were supported by Kriiger (2008)
who showed that exercise cause a release of T lymphocytes from spleen rather
than thymus (Kriiger, 2008). Another study showed that even voluntary wheel
running exercise could induce alterations in splenic lymphocytes (Suzuki and
Tagami, 2005) indicating that the spleen is the primary lymphoid organ effected
by exercise rather than the thymus as shown in this study.

CD11b" cells showed also a decrease with the increasing exercise
intensity and were lowest in the endurance type of exercise group. CD11b
antigen is expressed on microglia, monocytes/macrophages, and to a lower
extent on granulocytes, NK cells, CD5" B cells, and subsets of dendritic cells.
Monocytes/macrophages are antigen presenting cells that play a key role in the
T cell mediated immune response and decrease with endurance type of exercise
(Guereschi et al., 2008; Timmerman et al., 2008). Moreover, it has been shown
that endocannabinoids can regulate their activity through the CB1 and CB2
receptors located on their membrane surfaces (Galieque et al., 1995; Rajesh et
al., 2007). When taken all these together with the results of this study, it can be
suggested that endurance exercise induced increases in the endocannabinoids
may play role in the regulation of (CD3") T cell by altering the antigen

presentation process carried out by (CD11b*) monocytes in blood and
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macrophages in tissue (Klein and Cabral, 2006). This could not be confirmed
with microarray analysis, since monocyte/macrophage markers such as CD11b,
CD11c and related enzyme protein coding genes were not available or yet
annotated in the array.

When immune effector cell percentages were considered instead of
absolute values after a 16 week training period, it was observed that B
lymphocyte percentage was significantly reduced, whereas T lymphocyte and
NK cell percentages increased in the endurance type of exercise group
compared to the moderate type of exercise and the control groups. The increase
in T lymphocyte percentage was supported by a study in literature showing
increased T lymphocyte proportions in peripheral blood as a result of high
intensity exercise in human subjects (Simpson et al., 2007). These results
showed that different types of immune effector cells show different responses
to ANA and/or 2-AG at the same exercise intensity. Literature stated that
exogenously applied endocannabinoids may have different effects on different
immune effector cells such as T and B cells which participate in all elements of
cell-mediated and humoral immunity (Derocq et al., 1995; Joseph et al., 2004).
Although the inhibitory effect was seen after acute or chronic administration of
high doses of endocannabinoids to animals, recent in vitro studies with low
nanomolar concentrations of cannabinoids showed a stimulatory effect of
cannabinoid receptor ligands on human B-cells (Derocq et al., 1995). Moreover,
studies with null mutations in B cell antigen receptors lead to deficiencies of B
cell subsets which were reduced in CB2—/— mice (Donahue et al., 2004; Khan
et al.,1995), indicating that B lymphocyte regulation is partly CB2 receptor
dependent. In the present study, ANA was negatively correlated to (CD3"
CD45RA") B cells, whereas the same endocannabinoid stimulated the (CD3")
T cell population and caused an increase in their proportion in both blood and
the spleen. Moreover, 2-AG was negatively correlated to (CD3'CD161a") NK
cells and (CD3"CD161a") NK like T cells indicating an immune-suppressive
effect after 16 weeks of exercise.

The increase in the blood (CD3") T lymphocyte percentage was rehearsed

by the endurance training protocol for 7 weeks and could be prevented by using
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both CB1 and CB2 receptor antagonists together, AM281 and AMG630
respectively. Using only CB1 receptor antagonist had no effect on the increased
blood (CD3") T lymphocyte percentage, indicating that at least the CB2
receptor is taking part in the endurance exercise induced (CD3") T lymphocyte
shift mediated by ANA. On the other hand, unlike blood (CD3") T lymphocyte
percentage, AM281land AMG630 could not inhibit the endurance type of exercise
induced increase in the splenic (CD3") T lymphocyte percentage at the end of
the 7 week training period. Splenic (CD3"CD4'CD8") double positive T cell
percentage showed an increase where as (CD3'CD161a’) NK like T
lymphocyte percentage decreased as a result of endurance exercise. These
alterations, however, could not be reversed with CB1 and/or CB2 receptor
antagonists, indicating that exercise induced lymphocyte regulation in spleen
may use another pathway than blood. It is either CB receptor independent or
there might be a specific receptor for ANA in mammalian tissues (Maione et
al., 2009; Tuboly et al.,, 2009; Zhang and Oppenheim, 2006). There are
contradictory results in the literature that discuss the CB receptor dependent
immune system regulation (Springs et al., 2008; Newton et al., 2009). Massi
(2000) and his co-workers showed that both CB1 and CB2 receptor antagonists
completely reversed the immune suppressive effect of the endocannabinoids
(Massi et al., 2000). These results suggested that both cannabinoid receptors
were involved in the network mediating immune effector cell number and
activity. On the other hand, many studies carried out with either CB1/CB2
receptor antagonists or knockout mice showed that cannabinoid effect persists
in the functional absence of both CB1 and CB2 receptors. A study focused on
the role of CB1 and CB2 receptors in immune competence and modulation
showed that cannabinoid injection to wild type and CB1/CB2 receptor knockout
(CBL(-/-)/CB2(-/-)) mice does not cause any change in the percentage of
splenic T cell subsets, B cells, or macrophages. Conversely, humoral immune
responses showed a markedly different profile of activity where synthetic
cannabinoid suppressed the in vivo T cell-dependent IgM antibody-forming cell
response in wild-type but not in CB1(-/-)/CB2(-/-) mice, and the in vitro IgM

response in CB1(-/-)/CB2(-/-) splenocytes was too low to rigorously assess
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CB1/CB2 involvement in modulation by cannabinoid. These unexpected
findings led to the hypothesis that certain areas of the brain and peripheral
tissues contain unknown cannabinoid receptor subtypes (Breivogel et al., 2001).
It seems likely therefore that ANA may act through receptors other than the
CB1 and CB2, such as the vanilloid receptors and/or undefined ANA specific
ones. Another explanation for the effect of ANA could be depend on vanilloid
receptors since endocannabinoids also stimulates vanilloid receptors and the
stimulation of these receptors cause an increase in the synthesis of opioid
peptides mainly endorphins and enkephalins (Giuffrida et al., 1999; Maione et
al., 2009; Tuboly et al., 2009; Zhang and Oppenheim, 2006). May be opioid
peptides contribute to effect of ANA as stated in literature. This subject needs
further investigation. Further in vitro studies performed with splenocytes will
define whether this complex relationship between splenic lymphocytes and
endocannabinoids is regulated through CB1 and/or CB2 receptors or not.

The endurance type exercise was found to be associated with significant
immunological changes, particularly in the T lymphocyte compartment of the
splenic cells in rats. There was a significant rise in the percentages of (CD3") T
cells and (CD3'CD4'CD8") double positive T cells. On the other hand,
(CD3"CDRT1b") activated T cells and (CD3"CD161a") NK like T cells showed
a significant decline as a response to endurance exercise. It is not surprising to
observe immune system alterations primarily in the splenic (CD3") T cells since
it has been shown that exercise is associated with constriction of visceral organs
and the spleen represents a major one with high perfusion that constricts during
the rather severe stresses of maximal exercise (Frances et al., 2008). Besides
providing extra supply of red cells to exercising muscles, significant immune-
regulatory changes have also been described in the spleen during exercise
(Bakovic et al., 2005; Nielsen, 2003). The spleen is well known for its role in
humoral immunity. However, it has been increasingly recognized as an organ of
importance for T cell-mediated immunity as well (Kriiger et al., 2008).

Exercise and environmental stress have been shown to induce a
substantial re-distribution of T-cells within lymphoid and non-lymphoid organs.

A uniform response pattern with a decrease in lymphocyte numbers in the
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spleen accompanied by an increase in lymphocytes in lung, bone marrow and
Peyer's patches has been described and suggested to play a role in immune
regulation (Kriiger and Mooren, 2007). In the present study, the percentage of
lymphocytes in the peripheral blood of rats was found to decrease after
exercise. Exercise induced lymphocyte apoptosis has been described as a
transient process with tissue type specific apoptosis inducing mechanisms.
Apoptotic lymphocytes have been described in the spleen that may contribute to
the transient drop in peripheral lymphocyte counts. The apoptotic index was
increased in the spleen in the present study whereas the percentage of (CD3") T
cells was increased with an increased (CD3"CD4"CD8") double positive T cell
population in the spleen of the exercising groups.

Because of their unconventional phenotype and rarity in human and mice,
the extra-thymic (CD3"CD4°CD8") double positive lymphocytes have been
ignored by most researchers. Extra-thymic (CD3"CD4'CD8") double positive T
cells have been described rarely in peripheral blood of healthy individuals and
in persons suffering from certain disease conditions. In humans, and rats,
(CD3'CD4CD8") double positive T cells were shown to appear transiently
following activation of their progenitors. On the other hand, extrathymic
(CD3") T lymphocytes exhibiting a CD4"CD8%™ phenotype has been reported
to be abundant in the peripheral blood of swine, monkeys and chickens. It is
suggested that (CD3"CD4'CD8" ) double positive T cells in swine are
comprised predominantly of MHC class 11 restricted memory CD3*CD4" helper
T cells that after activation have acquired the ability to express the CD8a chain
and then to maintain this double positive phenotype. Moreover, porcine
(CD3"CD4*CD8") double positive T cells appear to be comprised of memory
cells due to their ability to respond to recall antigen, resilience to thymectomy,
increase in proportion with age, expression of memory T cell markers,
production of interferon y and localization to inflammatory sites. Some of these
characteristics are also descriptive of human and monkey (CD3"CD4°CD8")
double positive T cells. Thus, in swine, humans and monkeys, these
phenotypically distinct lymphocytes appear to represent a primed T cell subset.

Extrathymic (CD3"CD4"CD8") double positive T cells have been described in
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the intraepithelial lymphocytes of rodents and are strongly suggested to
represent mature lymphocytes, likely with an important effector function
(Zuckermann, 1999).

Age related changes in (CD3"CD4'CD8") double positive splenic T cells
have been defined in chickens. It has been shown that the proportion of af TCR
expressing (CD3'CD4"CD8") double positive cells in the spleen of chickens
had increased three times within 5 weeks. A large population of
(CD3"CD4*CD8") double positive cells has been found in the peripheral blood,
the spleen and the intestinal epithelium (Luhtala et al., 1997). These CD4"
lymphocytes were shown to express the afy TCR and also the CD8ao dimer but
not the CD8af heterodimer (Luhtala et al., 1997). The phenotype of these cells,
as for pigs and monkeys, were also shown to be CD4*CD8"" (Luhtala et al.,
1997). Studies examining the functional capabilities of the (CD3"CD4"CD8")
double positive T lymphocyte subset have not been reported yet.

In two previous studies, it has been stated that endurance type of exercise
ameliorates splenic CD3" T cell immunity by inducing an increase in splenic
interferon y secretion (Kohut et al., 2005; Kwak, 2006). Exercise induced
changes in the (CD3"CD4"CD8") double positive T cells subset in the spleen
has not been reported in previous studies. In the present study, the increase in
splenic (CD3'CD4'CD8") double positive cells in the exercise group may
suggest that endurance type exercise may play a role in effector functions.

Another finding in this study was the significant decrease in the
(CD3"CD161a") NK like T cell population in the spleen of exercising rats.
Similarly, a decrease in the NK like T cell population associated with a
Th1/Th2 imbalance has been described in rats 7 days after exercise and the
authors have suggested the immunoregulatory role of NK like T cells (Ru et al.,
2009). It is believed that NK like T cell decrease causes onset of disease
(Gombert et al., 1996). Moreover, NK like T cells have been shown to be
derived from double positive thymocytes and proportions of doublr negative
and CD4+ NK like T cells in the spleen (Hammond et al., 2002). There are
several types of NK like T cells with a broad range of function (Kronnenberg

and Gapin, 2002). In the present study, it was not possible to categorize the
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decreasing NK like T cell subtype and therefore further detailed studies are
nedded to determine the subtype of NK like T cells that responded to endurance
type of exercise.

The results of the microarray analysis showed an increase in the
expression of several heat shock proteins (Hsp) especially, Hsp 70. This was
supported by studies that found an increase in serum levels of HSPs and an
upregulation in polymorphonuclear cells as a result to increased body
temperature induced by exercise (Connelly et al., 2006; Zieker et al., 2005). It
has been widely accepted that HSPs elicit a potent anti-cancer immune response
through antigen presenting cells, T cells and natural killer (NK) cells (Wells
and Malkovsky, 2000). They induce a MHC class | mediated CD8-specific T
cell response and thereby provide activatory signals for the innate immune
system (Srivastava et al., 1998; Suto and Srivastava, 1995.). HSP70s may
stimulate the secretion of several cytokines including interleukin (IL)-1pB, IL-6
and tumor necrosis factor (TNF)-a by antigen presenting cells in the absence of
tumor (Asea et al., 2000) results in a non-specific stimulation of the innate
immune system (Asea et al., 2000). An additional effect of peptide-free Hsp70
IS its immunostimulatory activity upon NK cells (Botzler et al., 1996; Multhoff
et al., 1999). It can be suggested that HSPs may exert immune activation to

protect cells from lethal damage induced by exercise induced stress stimuli.
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CONCLUSION

Taken all these results together, we can conclude that endurance type of
exercise activates the endocannabinoid system which in turn gives rise to
immune system alterations. Exercise intensity and duration play critical roles in
the activation of the endocannabinoid system. Serum ANA and 2-AG levels
increase with the increasing exercise intensity in endurance type of exercise.
The two endocannabinoids, ANA and 2-AG respond differently to endurance
exercise. ANA serum levels show a steep increase at high intensity exercise,
whereas 2-AG increases gradually with increasing exercise intensity. The
increase of endocannabinoid serum levels are assisted by increased splenic CB1
receptor mRNA expression, indicating an adaptation in spleen but not thymus
following 16 weeks of endurance training. Moreover, ANA play an important
role in peripheral and splenic T lymphocyte regulation as a response to
endurance exercise. This modulation might be cannabinoid receptor dependent
in the periphery, but CB1 and/or CB2 receptor independent at tissue level such
as in spleen. Moreover, exercise induced increase in ANA serum levels might
play a role in the exercise dependent increase in splenic CD3"CD4'CD8"
double positive T lymphocytes and decrease in splenic CD3"'CD161a" NK like
T lymphocytes. Moreover, endurance type of exercise for 7 weeks might cause
an decrease in splenic CD3"CdRT1b" activated T lymphocytes, but had no
effect on splenic CD3"CD25" activated T lymphocyte percentage. Thymus, on
the other hand, was affected by neither moderate, nor endurance type of
exercise in terms of endocannabinoid and/or immune system parameters.
Therefore, it can be concluded that endurance type of exercise cause an increase
in endocannabinoids, especially ANA, which in turn cause immune system

alterations in blood and splenic T cell subtypes.
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APPENDIX B

TURKCE OZET

GIRIS

Klasik yaklagima gore diizenli egzersiz yapmak yararli kabul edilmekte
ve bagisiklik sistemini gliclendirmesinin yani sira, koroner arter hastaligi riskini
azalttig1, psikolojik streslere karsi direnci arttirdigi, yaslanmay1 geciktirdigi ve
yagsam siirecini uzattigi goriisii kabul gormektedir (Cara and Chaiken, 2006;
Cooper 2006; Pedersen 2006; Raso et al.,; 2007; Strasser and Killeen, 2006).
Kardiyovaskiiler alanda yapilan bir¢cok arastirma diizenli egzersizin yararlarini
ortaya koysa da, bazi calismalar yogun egzersiz yapan bireylerin cesitli
hastaliklara yakalanma riskinin sedenter bireylere gore arttigim1 ve
hastalandiklarint bildirilmistir.(Asgeirsson and Bellanti, 1987; Baron et al.,
1982; Droste et al., 2007; Fediuc et al., 2006; Fleshner, 2005; Griesbach et al.,
2007; Sasse et al., 2008). Bu c¢eliskili sonuclar ile giinimiize kadar gelen
kutuplasmanin nedeni, konunun yeterince arastirllmamast degil, immiin
sisteminin karmasikligi, ndroendokrin sistem ile iligkisinin tam olarak ortaya
konulamamasi, caligmalarda uygulanan egzersizlerin ve kullanilan deneklerin
heterojenligidir. Celiskili sonuglara ragmen giiniimiizde kabul edilen goriis; orta
siddetteki diizenli egzersizin immiin sistemi gili¢lendirdigi, buna karsin elit
sporcularin yaptig1 yliksek siddetteki egzersizin immiin sistemi baskilayici
etkisi oldugudur (Pyne et al., 2000; McFarlin et al., 2004; Kumae et al., 2009;
Murakami et al., 2009).

Ancak egzersiz siddettinin degismesine bagli olarak ortaya ¢ikan farkli
immiin yanit1 agiklayacak bir mekanizma heniiz bulunamamigstir. Son
zamanlarda yapilan bir¢ok ¢alisma immiin efektor hiicrelerin belirli bir siddette
yapilan egzersize farkli yamitlar verdigini gostermekle birlikte, degisik

siddetlerde yapilan egzersizin ayni immiin efektor hiicreleri farkli etkiledigini
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ortaya koymustur. Bu sonuglar 1s1ginda immiin sistemin egzersizin siddettine ve
stiresine bagli olarak farkli yanitlarini agiklayabilecek ve gilinlimiize kadar
yapilan caligmalarda incelenen molekiiller disinda bazi immiinmodiilatér
molekiiller ve mekanizmalar oldugu diisiiniilmektedir.

Elit atletlerde, ozellikle maraton kosucularinda, yaptiklari uzun siireli
egzersiz nedeniyle yalnizca bagisiklik sisteminde baskilanma degil, aym
zamanda psikolojik degisiklikler de gozlenmektedir. “Kosucu yiiksekligi”
(Runner’s high) olarak nitelendirilen ve kannabinol igeren madde bagimlilarinin
gosterdigi tepkilere paralel olan bu psikolojik durum sporcuda biling kaybina,
saf mutluluk hissine, i¢sel uyuma, smirsiz enerjiye, saf huzura ve agrinin
baskilanmasina neden olmaktadir (Bartholomew et al., 1996; Cook and Koltyn,
2000; Kenney et al., 2008). Opioidlerin kesfedilmesinden dnce bu degisiklikler
yine endorfin hipotezi ile agiklanmaya c¢alisilmistir; ancak egzersize dayali
katekolamin degisimleri ile bu goriis tam olarak agiklanamamistir. Diger
yonden opioid sisteminin aktive olmasi ile gelisen solunum depresyonu ve
gastrointestinal ~ hareketliliginin ~ azalmast  gibi  etkilerin  sporcularda
gozlemlenmemesi bu mekanizmanin varolan degisiklikleri agiklamada yetersiz
olugunu gostermistir (Droste et al., 2007; Fediuc et al., 2006; Kolata, 2002;
Sasse et al., 2008).

Kannabinoidlerin; CB1 ve CB2 reseptorleri lizerinden etki gosterdikleri
bilinmektedir (Devane et al., 1992; Munro et al., 1993; Sugiura et al., 2002;
Howlett et al., 2004). CB1 ve CB2 reseptorlerinin beyin ve sinir sisteminde
bulunmasi ile birlikte sinir sisteminin endokrin ve immiin sistem ile
iliskilendirilmesi yeni bir boyut kazanmistir (Aso et al., 2008; Aguado et al.,
2006; Bouaboula et al., 1993; Galieque et al., 1995; Klein et al., 2003, Molina
et al., 2007;). Yapilan calismalarin sonucunda CBlve Cb2 reseptorlerinin
merkez sinir sisteminin yani sira imiin efektor hiicrelerde bulundugu ve immiin
sistem regiilasyonunda aktif rol oynadigi diisiiniilmektedir (Di Marzo et al.,
2004; Galieque et al.;1995; Klein et al., 2003; Munro et al., 1993; Pacher et al.,
2006; Pacher and Gao, 2008; Yuan et al., 2002). Bu konu {izerine yogunlasan
arastirmalar CB1 ve CB2 reseptorlerine yiiksek afinite ile baglanabilen ve viicut

tarafindan {iretilen anandamid (ANA) (Mechoulam et al, 1995) ve 2-
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arachidonylgliserol (2-AG) (Sugiura et al.; 2000) gibi endojen kannabinoidlerin
varligini ortaya koymustur.

Gilinimiizde endokannabinoilerin sinaptik aktivitelerde yer aldigi1 kesinlik
kazanmis olsa ve santral ve periferde agr1 azaltici etkileri bilinse de, bu
maddelerin immiin sistem ile iligkisi incelendiginde elde edilen sonuglar
celigkilidir (Di Marzo et al., 2004; Rice et al., 2002; Pacher et al., 2006). Bu
alanda yapilan birgok c¢alisma endokannabinoidlerin B ve T lenfosit
poliferasyon ve migrasyonunda tetikleyici ve/veya baskilayic1 (Derocq et al.,
1995; Joseph et al., 2004), timus ve dalak hiicrelerinde apoptozu tetikleyici
(McKallip 2002), ve IL-2 salinnmini azaltici (Rockwell et al., 2008), etki
gosterdigini bildirmektedir. Diger c¢alismalar; endokannabinoidlerin adipoz
dokuda IL-6 salmimini tetikleyici (Hoareau et al., 2006), makrofajlarda LPS
bagimli TNF-a, IL-4, IL-6 ve IL-8 salimimini baskilayict (Berdeshev et al.,
1997; Cabral et al., 1995; Kishimoto et al., 2004), NK hiicre migrasyonunu
tetikleyici (Khishimoto et al., 2005) ancak NK hiicrelerinin sitotoksik etkisini
baskilayic1 (Massi et al.,, 2000) ve T lenfositlerde CD4+/CD8+ dengesizligi
yaratarak immiinoglobulin salimimini arttirict (McKallip et al., 2005) etkisi
oldugunu gostermistir. Bu konuda yapilan ¢aligmalardan elde edilen sonuglar
endokannabinoidlerin CB1 ve CB2 reseptorleri lizerinden dendritik hiicrelerde
apoptozu tetikleyerek immiin sistemi baskiladigi (Do et al., 2004; Rockwell et
al., 2006, Malfitano et al., 2006).

Tim bu celiskili sonuglar1 mekanizmanin karmasikligi, ayni ligand
tarafindan active edilmesine ragmen farkli etki mekanizmalarina sahip CB1 ve
CB2 reseptor tiplerinin her ikisinin de immiin efektdr hiicreler iizerinde
eksprese edilmesi (Nong et al., 2001), CB1 ve CB2 reseptor yogunlugunun
immiin efektdr hiicre tipine gore degisiklik gdstermesi (Onaivi et al., 1996),
ayn1 anda tretilen endokannabinoidlerin reseptore baglanma afinitesinin
konsantrasyon bagimli olup agonistik ve/veya antagonistik etkilerle modiile
edilmesi (Do et al., 2004; Lee et al, 1995), ANA ve 2-AG
endokannabinoidlerin aktif metabolitlerinin mekanizmada roliiniin olmasi ve
endokannabinoilerin ¢esitliligi (Joseph et al., 2004; Sugiura et al., 2006;

Sugiura et al., 2002; Cravatt 2001) ile agiklamak miimkiindiir. Yapilan
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caligmalar sonucunda elde edilen bulgular endokannabinoidlerin bagisiklik
sistemi lizerinde etkisinin varligini ortaya koysa da, bu etkinin oncelikli olarak
hangi kannabinoidlere ait oldugu; tetikleyici mi yoksa baskilayici m1 oldugu
acik degildir. Literatiirde endokannabinoidlerin egzersize dayali degisimini
gosteren yalnizca tek bir calisma mevcuttur. Kolej dgrencileri lizerinde yapilan
caligmanin sonuglarina gore orta siddette 50 dakika siire ile yapilan kosu veya
bisiklet egzersizinin endokannabinoid sistemini aktive ettigi saptanmistir
(Sparling et al., 2003). Ad1 gecen calismada sadece anandamid diizeyi Ol¢lilmiis
olup, endokannabinoid sisteminin farkli siddet ve siirelerdeki egzersizlere yaniti
aragtirllmamistir. Bu sonuglar literatiirde Hill (2009) ve Keneey (2008) adli
aragtirmacilarin  Onderlik ettigi iki grup tarafindan yapilan caligsmalar ile
gelistirilerek desteklenmistir ancak bu gruplarda egzersizi orta ve diisiik
siddette egzersiz olarak yaptirmis ve tek egzersiz siddetti kullanmislardir. Bu
nedenle imiin sistem-endokannabinoid iliskisinin farkl iki egzersiz siddettinde
incelenerek endurans egzersizin kan, dalak ve timus gibi farkli ii¢ dokuda
birden arastirilmasi literatiirde bir ilk olmustur.

Endokannabinoidlerin egzersizin siddeti, yogunlugu ve siiresine bagh
olarak immiin sistemi uyardig1 veya inhibe ettigi varsayilmaktadir. Buna gore

projenin amact;

. Egzersiz siddeti ve siiresinin endokannabinoid serum diizeyine etkisini
incelemek
. Endokannabinoid serum diizeyinde meydana gelecek degisikliklerin

bagisiklik sisteminin efektor hiicre sayilar1 ve oranlarina etkisini aragtirmak
. Egzersize dayali artig gdsteren endokannabinoidler {izerinden bagisiklik
sistemine ait bazi hiicresel yanitlarin uyarilmasimmi veya baskilanmasini kan,
dalak ve timusta tespit etmek
. Bu iligkide gorev alan reseptor tipini (CB1 ve CB2) ve endokannabinoid
tiirtinii belirlemek
. Doku, hiicre ve gen diizeyinde egzersizin siddeti ve siiresine bagh
gelisecek immiin adaptasyonu tespit etmek

GEREC VE YONTEM
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1- Calisma diizeni

Uzunlamasina, betimleyici, rastgele se¢ilmis denklem grubuna sahip ve
kontrollii olarak yiiriitiillen bu calisma iki kisimdan olusmaktadir (Sekil 3.1,
sekil 3.2).

Birinci kisimda orta siddette ve/veya endurans tipi egzersizin
endokannabinod sistemine etkisi incelenmistir. Bagimsiz degiskenler egzersiz
siddeti olarak tanimlanmistir. Bagimli degiskenler;

@ Endokannabinoid serum diizeyi: ANA , 2-AG serum diizeyleri

(b) Immiin efektdr hiicrelerin akiskan hiicre teknigiyle sayisi: Dogal
oldiirticti hiicre (CD3-CD161a+), B hiicre (CD3-CD45RA+), T hiicre (CD3+),
dogal oldiiriicii benzeri T hiicre (CD3+CD161a+) sayilar1 ve ylizdeleri ile beyaz
kan hiicre sayisina ek olarak lenfosit ve nétrofil oranlar

(©) Lenfoid dokularda efektor hiicrelerin immiinohistolojik dagilim
paterni: Dalak ve timus dokusunda imiinohistokimyasal yontemlerle CD3,
CD8a, CD8b, CD11b, CD25, CD45, CD45RA, CD56, makrofaja 6zgli antijen
eksprese eden hiicrelerin haritalanarak normal doku ile karsilastirilmasi

(d) Lenfoid dokularda endokannabinoid reseptorleri ve efektor
hiicrelerin gen profili: Dalak ve timus dokusundan elde edilen 6rneklerde CB
reseptorlerini (Cnrl, Cnr2), apoptoz yolaklarinda gorevli enzimleri (BAX, Bcl2,
FAS, Caspase 3), B hiicreleri ve aktivasyonu ( CD19, IgM), T hiicreleri ve
aktivasyonu (CD247,CD69) ve dogal oldiiriicii hiicreleri ve aktivasyonu (NKR-
Pla, NK-p46) kodlayan genlerin ekspresyon paternlerinin incelenmesi

Calismanin birinci boliimiinde elde edilen veriler dogrultusunda endurans
tipi egzersizin endokannabinoid sistemini aktive etttigi ve immiin sistemde
degisikliklere neden oldugu sonucuna varilmistir. Bu nedenle ikinci bdliimde
egzersiz protokolii olarak endurans tipi egzersiz seg¢ilmistir. Bagimsiz
degiskenler egzersiz ve kannabinoid 1 ve 2 reseptor antagonistleri AM281 ve

AM630’un intraperitonel yolla uygulanmasi olarak tanimlanmistir.Bagimli

degiskenler;
@ Endokannabinoid Serum diizeyi: ANA serum diizeyi
(b) Akiskan hiicre teknigi ile kanda ve dokuda immiin efektor

hiicre sayimi: Kan, dalak ve timus dokusunda NK hiicre (CD3-CD161a+), B
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hiicre (CD3-CD45RA+), T hiicre (CD3+), NK benzeri T hiicre
(CD3+CDl16la+) yardimciT hiicre (CD3+CD4+), sitotoksik T hiicre
(CD3+CD8a+) ve ikili pozitif T hiicre (CD3+ CD4+CD8a+) oranlar ile aktive
T hiicre oranlar1 (CD3+CD25+ ve CD3+RT1b+)

(© Lenfoid dokularda efektor hiicre gruplarimin immiinohistolojik
dagilim paterni: Dalak ve timus dokusunda imiinohistokimyasal yontemlerle
CD3+, CD8+ (CD8at+ ve CD8b+), CD1lb+, CD25+, CD45+, CD45RA+,
CD56+ (CDS56e+) ve makrofaj belirtgi ile isaretli hiicrelerin haritalanarak
normal doku ile karsilastirilmast

(d) Lenfoid dokularda kannabinoid reseptorleri ve efektor hiicrelere
ait gen profilinin incelenmesi: Dalak ve timus dokusundan elde edilen
orneklerde endokannabinoid sistemi ve immiin sistemde gorev alan molekiilleri

kodlayan tanimli genlerin ekspresyon profilinin incelenmesi

2- Deney hayvanlar

Yetmis iki erkek Sprague Dawley tiirii sigan Hacettepe Universitesi
Deney Hayvanlar1 Arastirma ve Yetistirme Unitesinden (Ankara, Tiirkiye) elde
edilerek kafeste 4 hayvan olacak sekilde gruplandirilmislardir. Siganlar yem ve
suya istekleri dogrultusunda ulasabilirken 12 saat giindiiz 12 saat gece dongiisii
saglanmigtir. Ortamin 1s1s1 220C ve nem oran1 %19 olarak ayarlanmugstir.
Calismanin tamami 5/9/2006 da alinan 2006/53-8 numarali Hacettepe
Universitesi Etik Kurul izni dogrultusunda ve Helsinki Hayvan Haklari
deklarasyonuna uygun olarak yiiriitiilmustiir.

Calismanin birinci bolimiinde 32 erkek Sprague Dawley sican (a)
Kontrol (n=9), (b) Orta Siddet (Moderate (n=10)) ve (c) Endurans (n=12) tipi
egzersiz olarak rastgele gruplandirilmistir. Caligmanin ikinci boliimiinde ise 40
erkek Sprague Dawley sican rastgele secilerek a) Kontrol (n=8), (b) Egzersiz
(n=8), (c) DMSO (n=8), (d) AM281 (n=8) ve (e) AM281+ AM630 (n=8) olarak
5 gruba ayrilmistir. Tim si¢anlar deneyin baslangicinda 4 haftalik olup

ortalama agirliklar1 197,84+17,0 gram olarak 6l¢tilmiistiir.
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3-Egzersiz protokolii

3.1-Adaptasyon siireci

Calismanin hem birinci , hem de ikinci boliimiinde adaptasyon siiresi iki
hafta olarak uygulanmistir. Calismanin baslangicinda sicanlar egzersiz
protokoliine ilk hafta boyunca dakikada 10 metrelik bir hiz ile 10 dakika
boyunca kosturularak baslamislerdir. Ikinci hafta boyunca bu hiz ve siire
kademeli sekilde arttirilarak orta siddette ve endurans tipi egzersiz gruplarinin
protokollerine uygun hiz ve siireye ¢ikarilmistir. Adaptasyon siirecinin sonunda

her grup kendi egzersiz protokoliine uygun sekilde egzersize baslamistir.

3.2- Egzersiz siireci

3.2.1-Cahismanin 1. boliimii

Sicanlar haftada 5 giin olacak sekilde 16 hafta siiresince kosubandinda
asagida belirtilen siddette kogsmuslardir.

a) Egzersiz yapmayan kontrol grubu: Kosu bandinin kendisinden
kaynaklanan stresin etkisini bertaraf edebilmek i¢in (Moraska, 2000) hayvanlar
haftada 5 giin ve giinde 60 dakika olacak sekilde ¢alismayan kosu bandina
yerlestirilerek egzersiz yaptirmadan kosubandinda bekletilmislerdir

b) Orta Siddette (moderate) egzersiz grubu: Sicanlar haftada 5 gilin
olacak sekilde dakikada 19 metrelik bir hizda 60 dakika boyunca
kosturulmuslardir (Su 2005 ;Carmeli2005).

c) Endurans tipi egzersiz grubu: Siganlar haftada 5 giin olacak
sekilde dakikada 19 metrelik bir hizda 60 dakika boyunca kosturulmuslardir
(Carmeli 2006; 2005).

Endurans egzersiz grubundaki kalp agirligi/ Viicut agirligi oranindaki
istatistiksel olarak anlamli artis (p= .001), yani kardiomegali, egzersiz

siddettinin dogru secildiginin saglamasi olmustur.

3.2.2-Calismanin 2. boliimii
162



Egzersiz grubu hari¢ tlim sicanlar haftada 5 giin olacak sekilde 7 hafta
boyunca 32 m/dakikalik hizda ve giinde 60 dakika boyunca kosubandinda
egzersize zorlanmiglardir. Hergilin sicanlara bulunduklar1 gruba goére kosu
egzersizinden 20 dakika dnce DMSO (dimetil siilfoksit) da ¢6zlinmiis olarak
AM281 (0,5 mg/kg viicut agirligi) ve/veya AM630 (1,5 mg/kg viicut agirligi)
intraperitoneal enjeksiyonla verilmistir. DMSO grubuna yalnizca DMSO
verilmistir. Kosu bandinin yarattig1 stresin etkisini egzersiz yapan gruplarda
onleyebilmek i¢in kontrol grubunun hayvanlari kosu egzersizi olmaksizin

haftada 5 giin 60 dakika boyunca kosu bandinda tutlmuslardir (Moraska, 2000).

3.3-Hayvanlarin sonlandirilmasi ve kan ile doku 6rneklerinin elde edilmesi

Tiim sicanlarda periferik kan intrakardiyak yontemle alinarak hayvanlarin
hipovolemik sok ile 6lmesi saglanmistir. Ardindan dokularin izolasyonu i¢in
hayvan ag¢ilmadan servikal translokasyon yapilmistir. Doku alimina ge¢gmeden
once eter ile uyutulan hayvanlar etanole batirilarak alinacak doku orneklerine
killarin kagmasi engellenmistir. Etanole batirilan hayvanlar dokularin alinmasi
icin buz tlizerine yerlestirilen kesme tahtasina koyulmuslardir. Burada steril
aletler kullanilarak karin boslugu agilip, dalak dikkatlice bag dokudan ayrilarak
serum fizyolojik bulunan ayr1 bir petri kutusuna alinmig, gogiis bosluguna
girilerek ayni islem timus i¢in tekrarlanmistir. Daha sonra siire geg¢irmeden bu
iki doku daha kiiclik parcalara ayrilarak akigkan hiicre teknigi i¢in serum
fizyolojik igeren tiiplere, mikroarray i¢in buz iistiine yerlestirilen trizollii tliplere
ve immiinohistolojik analiz i¢in sivi nitrojene konacak ozel tiiplere

paylastirilmagtir.

4-Olgiimler

4.1-Endokannabinoidlerin kantitatif 6l¢iimii

Wang’in yontemi (Wang et al., 2001) modifiye edilerek uygulanmistir.
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Yapilan bu modifikasyonlardan sonra uygulanan yontem kisaca soyledir;
sicanlardan elde edilen 1 ml serum cam tiibe koyularak iizerine ANA ve 2-
AG’in hidrolize olmasini engellemek icin ImM PMSF eklenmistir. U¢ hacim
serum fizyolojik (SF) ile diliisyon gergeklestirilip, adsorpsiyon islemi igin 1.5
ml %50’lik Affi-Prep polimiksin B eklenerek; 1 saat boyunca 4°C 1sida
sallanmigtir. Adsorpsiyonun sonunda PMB-immobilize boncuklar santrifiij
edilerek ¢oktiiriilerek iki kez 2 ml SF ile yikandiktan sonra minikromatografi
kolonuna (0.5x3 cm) aktarilmistir. Son bir kez boncuklarda kalan SF’den
kurtulmak igin tiipler santrifiijlenmistir. Boncuklarda kalan ANA ve 2-AG’iin
alimmasi i¢in iki kez 200 pl saf etanol gecirilerek eliisyonlar vakumlu
kondansatorde (Heto Holten) kurutulmus ve HPLC de 6l¢lim i¢in saf etanolde
tekrar ¢Ozlilmiislerdir.

HPLC ile fraksiyonlara ayirma yontemi Lang (Lang et al., 1996)‘dan
alinarak modifiye edilmistir. Yontemde 305 pompa ve 118 UV/V dedektorii ile
donatilmis Gilson System (Gilson Inc., Middleton, WI) kullanilmigtir. Ayirma
islemi TSK jel ODS 80TM (50x34.6-mm, i.d. 3,5 mm) kolonu (TOSOH,
Tokyo, Japan) i¢inden akis hiz1 1 ml/dakika olacak sekilde asetonitril ve su (8:2
hacim/hacim) gecirilerek gergeklestirilmistir. Emilim (absorbans) 204 nm’de
olusmaktadir. Kurutulduktan sonra saf etanolde yeniden olusturulan PMB ile
immobilize edilmis boncuklar, ters-faz HPLC’de (RPHPLC) fraksiyonlarina
ayristirtlmiglardir. ANA ve 2-AG i¢in belirlenen eliisyon zamani sirasi ile 3.2
dakika ve 4.2 dakikadir. Farkli miktarlarda sentetik ANA and 2-AG sigcan
serumuna eklenerek her bir 6rnek PMB-immobilize boncuklarla adsorbe
edilerek RP-HPLC ile armndirilip, standart egri setinin her birine farkli
miktarlarda sentetik ANA ve 2-AG eklenerek bunlar fluorometrik yontem ile

tespit icin sirayla HPLC’ye yliklenerek kalibrasyon egrisi olusturulmustur.

4.2-Akigkan hiicre teknigi ile immiin efektor hiicre sayimlari

Egzersiz sonrasi elde edilen 0,5 ml’lik kan ornekleri; etilen diamin
tetraasetik asit (EDTA) igeren 6zel plastik tiiplerde, doku ornekleri ise serum

fizyolojik iceren petri kaplarina toplanarak, akiskan hiicre teknigi i¢in uygun
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plastik deney tiiplerine aktarilmiglardir. Eritrositlerin lizisi orth-mune lysing
reagent ile gercgeklestirilmistir. Monoklonal antikor paneli fluoresan
izotiyosiyanat (FITC), fikoeritrin ya da peridinin Kklorofil protein ile konjuge
edilmis olarak planlanmistir. Her immiin isaretleme seansinda mutlaka 6rnekler
isiktan korunarak negatif kontrol isaretlemeleri de yapilmistir. Kullanilan
yontemin ayrintilart soyledir; bistiiri ile kiigiik parcalara ayrilan taze doku
madimachine cihazi ile par¢alanmistir. Hiicreler toplanip FACS tiiplerine alinip
1300 rpm de 5 dakika santiflij edilmis, % 2 lik rat serumu PBS icinde
hazirlanarak 1ml olacak sekilde tiiplere ilave edilmistir. 15dakika oda 1sisinda
bekletildikten sonra bu orneklerden 100 ul alinarak FACS tiiplerine ilave
edilmistir. Diger yandan kan 6rneklerinden 4 tiip igerisine 100 er pl dagitilarak
her tiipe analizi yapilacak T/B/NK kokteyli, T kokteyli ve aktive T kokteyli
kitlerinin antikorundan o6l¢iilmek istenen hiicreler dogrultusunda 20 pl
eklenmistir. Tiipler diisiik devirde vortexlenerek karanlikta, oda 1sisinda 15 dak
inkiibasyona birakilmistir. Tiipler diisiik devirde vortexlendikten sonra 1 ml
Lysing Buffer eklenerek 8 dak oda 1sisinda karanlikta inkiibe edilmis, siire
bitimine 1500 rpm de 5 dak santriifiij edilmistir. Pellet tizerine 1 ml PBS
eklenerek santrifiij edildikten sonra pellet vortekslenmis ve 500 pl cell wash

eklenerek analiz yapilmistir.

4.3-Lenfoid organlarda immiinohistolojik inceleme

Uygun cerrahi yontemle edle edilen dalak ve timus ornekleri doku
dondurma ortami (OCT) igine alindiktan sonra hizla eksi 196 oC sivi azotta
dondurulmustur. Dondurulmus doku o6rnekleri kesit alinincaya dek -800C’de
derin dondurucuda ya da azotta saklanmistir. Dondurulmus kesitler
cryomikrotomda 5-7 pum kalinliginda, 6zel adeziv (poly L lizin) kapli yada
elektrostatik lamlara alinmistir. Dondurulmus kesitler en fazla bir gece nemden
arindirilmis  kutularda oda 1sisinda bekletildikten sonra ertesi giin immiin

isaretleme iglemi uygulanmistir.

4.3.1-immiinohistolojik inceleme
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Doku kesitlerinde; T lenfosit alt gruplari, B lenfositler, NK hiicreleri ve
makrofajlara 6zgii bir dizi ylizey antijeni i¢in immiin isaretleme yapilmistir. Bu
hiicrelerin apoptoza ugrayip ugramadiklar1 yine immiinohistokimyasal olarak
incelenmistir. Calismada kullanilan antikorlar; tablo 3.4’de verilmistir.
Immiinohistokimyasal ¢alismada efektdr hiicre isaretlemesi icin indirekt
immiinoperoksidaz; apoptozis i¢in immiinfluoresan yontemi uygulanmistir

(Korkusuz et al., 2002; Gavrieli et al., 1992).

4.3.2-Terminal deoxynucleotidyl transferase-mediated dUTP nick end-

labeling (TUNEL) yontemiyle apoptozisin degerlendirilmesi

Apoptozis, terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick end-labeling (TUNEL) yontemi kullanilarak DNA kiriklarinin
enzimatik isaretlemesi ile belirlenmistir. TUNEL isaretlemesi i¢in ApopTag in
situ detection kit kullanilmistir. isaretleme kitin kullanma talimatnamesinde
onerilen sekilde yapilmistir. Kisaca, 5 pm kalinligindaki donmus kesitler poly L
liizin kapli 6zel lamlara alinip PBS i¢inde hazirlanmis %1 paraformaldehit (pH
7.4) ile oda 1sisinda 10 dakika inkube edilmistir. Kesitler PBS ile yikandiktan
sonra 2:1 oranda etanol:asetik asit ile -20°C de 5 dakika tesbit edilmistir.
Yikanan kesitler 1 dakika nétral dengeleyici soliisyon ile inkube edilmistir.
Digoksigenin-dUTP ile isaretli TdT soliisyonu ile 1 saat siireyle 37°C de nemli
ortamda inkiibe edilmistir. Reaksiyonu durdurmak i¢in kesitler stop/wash
tampon i¢ine alinip, PBS ile 5 dakika yikandiktan sonra kesitler antidigoksinin
rodamin ile karanlikta oda 1s1sinda 30 dakika inkube edilmistir. Kesitler PBS ile
yikandiktan sonra 1 damla DAPI ile ¢ekirdekler isaretlenmistir. Negatif kontrol
i¢in isaretlenen kesitlerde, deoxiribonucleotidiyl transferase enzyme ¢ikarilarak,
diger basamaklar aynen uygulanmistir. Tiim kesitler DC490 dijital kamera
(Leica, Wetzlar-Germany) bagli Leica DM6000B (Wetzlar-Germany) 1s1k

mikroskobu ile incelenerek apoptotik hiicreler fotograflanmustir.

4.3.3-Indirekt immiinoperoksidaz yéntemiyle efektor hiicre gruplarinin
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incelenmesi

Dondurulan kesitler on dakika siireyle 40C’de soguk aseton ile tespit
edildikten sonra otuz dakika siireyle acik havada kurutularak kesitlerin tiimii
pap pen ile sinirlanmistir. Immunohistokimyasal isaretleme icin anti-mouse
HRP-DAB staining kit kullanilmistir. Kesitler rat serumu ile 1:10 dilusyonda
oda 1sisinda 30 dakika inkube edilerek spesifik olmayan baglanmalar
bloklanmis ve ardindan Tablo 3.4 de verilen diliisyonlardaki primer antikorlar
ile 1 saat siireyle oda 1sisinda nemli ortamda inkiibe edilmistir. 0.01M fosfat
tamponlu (PBS) pHs1 7.4 olan yikama soliisyonu ile 3 kez 5 dakika siire ile
yikandiktan sonra kesitler biyotin bagli kegi anti-fare sekonder antikor ile 30
dakika oda 1sisinda inkube edilmistir. PBS yikama soliisyonu ile 3 kez 5 dakika
stire ile yikandiktan sonra HSS-HRP c¢ozeltisi ile yine oda 1sisinda 30 dakika
inkube edilmistir ve PBS ile 3 kez 5 dakika yikanmustir. Kesitler uygun sekilde
hazirlanmis olan 3.3’-diaminobenzidine-tetrahydrochloride (DAB) ile 2 dakika
stireyle nem odasinda inkiibe edilerek PBS yikama soliisyonu ile 3 kez 5 dakika
stire ile yikanmistir. Ardindan distile suda yikanarak 45 saniye Mayer’in
hematoksileni ile zemin boyama yapilmistir. Ardindan kesitler musluk suyunda
yikanmistir. Dehidratasyon igin, sirastyla; %80, %96 ve %100'lik derisime
sahip alkollerde S'er dakika bekletilmistir. Lamlarin {izerindeki kesitler
kuruduktan sonra 20 dakika ksilolde bekletilerek dokular seffaflastiriimistir.
Entellan kullanilarak kesitler kapatilmistir. Tiim antikorlar 0.05 M TrisHCI
icinde % 0.1 tween 20 iceren background azaltici tampon solusyonu ile dilue
edilmistir. Negatif kontrol isaretleme amaciyla boyanan kesitlerde, primer
antikor basamag atlanarak, diger basamaklar aynen uygulanmis ve fare IgG
kullanilmistir. Pozitif kontrol i¢in firma tarafindan 6nerilen uygun kontrol doku
ornekleri kullanilmigtir. Tiim kesitler DC490 dijital kamera (Leica, Wetzlar-
Germany) bagli Leica DM6000B (Wetzlar-Germany) 151k mikroskobu ile

degerlendirilerek fotograflanmistir.

4.3.3-immiin isaretlenmenin kantitatif olarak degerlendirilmesi
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Tim doku Ornekleri Leica DMR model 1sik mikroskobunda
degerlendirildi. Goriintiiler Leica DC500 dijital kamera ile bilgisayar ortamina
aktarildi. Lenfoid hiicrelerin immiinreaktivitesi bilgisayar destekli Leica
Application Suit ve Qwin Plus goriintli analiz sistemi kullanilarak literatiirdeki
yontem modifiye edilerek kantitatif olarak analiz edildi.(Ugur et al.,2003;
Goyal et al., 2004; inan et al., 2006).

Immiinperoksidazla isaretli lenfoid hiicre alt gruplarinmn kantitatif olarak
incelenmesi amaciyla pozitif kontrol kesitlerinde en koyu siyah boyanan hiicre
boliimlerinin tonlar1 analiz programinda kaydedildi. Buna gore sistemde en
koyu isaretlenen hiicreler +++, daha agik olanlar sirasiyla ++ ve +,
boyanmayanlarsa negatif olarak degerlendirildi. Timus ve dalakta yerlesik
hiicre gruplarindan 100 tanesi x200’liilk mikroskop biiylitmesinde en az ii¢
alanda goriintii analiz programiyla sayildi. Yiizde immiin isaretli hiicre sayis1 ve
isaretlenme siddetinin beraber degerlendirildigi H skoru hesaplandi. Bunun i¢in
kullanilan formiil asagida verilmistir. +,++,+++ olarak isaretlenmis ve H skoru

hesaplanmis toplam hiicre sayilar1 her 6rnek i¢in hesaplanarak tablolandi.

H Skoru= Toplam p(i+1)
p: Immiin isaretli % hiicre say1s1

I: Isaretlenme siddeti

Tunel yontemi ile apoptozise gittigi saptanan hiicrelerin kantitatif olarak
incelenmesinde literature uygun olarak apoptotik indeks hesaplamasi yapildi.
Buna gore x200lik mikroskop biiyiitmesinde rastlantisal olarak secilen on
alanda rodaminla kirmiz1 isaretli apoptotik hiicreler sayilarak ortalamasi alindi;
Apoptotik hiicreler toplam ¢ekirdekleri mavi ile isaretli (kirmizi boyanmamis)
toplam hiicre sayisina oranlanarak apoptoz orami hesaplandi (Ferrini et al.,

2001; Zhang and Yang, 2006).

4.4-Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) ile gen

profili calismasi
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4.4.1-Dokudan RNA izolasyonu

100 mg dalak ve timus dokular1 buz iizerinde alindiktan sonra 1 ml
guanidinium thiocyanate-phenol-chloroform ekstraksyonu yapilmistir. The
FastPrep® bead-beater sistemi ile homogenize edilerek 5 dakika buzda
bekletilmistir. Her tiipe 300 ul chloroform eklenerek faz ayrismasinin olusmasi
beklenmistir. Karisim 15 saniye vortekslendikten sonra 10 dakika buz lizerinde
birakilarak, 15 dakika boyunca 8 °C de 12000xg de santrifiij edilmistir. Takiben
sv1 faz uzaklastirilarak 500 pl soguk izopropanol eklenmistir. 10 dakika -20°C
de birakildiktan sonra tekrar 4 °C 1sida 12000xg de 10 dakika santrifii
edilmigtir. Sivi faz wuzaklastirilarak pellet baslangic miktar1 géz Oniinde
tutularak her 1 ml 6rnek i¢in 1 ml %75 etanol ile yikanmistir. 2 dakika
vortekslendikten sonra 4 °C 1sida 7500 xg de 5 dakika sentrifiij edilmistir. Sivi
faz atildiktan sonra pellet 5 ile 10 dakika boyunca kurutularak tekrar suda
¢oziinmistir. Bu islem 10 dakika boyunca 55-60 °C lik su banyosunda
bekletilerek gerceklestirilmistir.

Izole edilen RNA 6rneklerinin, miktarlarini ve saflik oranlarini belirlemek
amaci ile optik dansiteleri (OD) 230, 260 ve 280 nm segerek NanoDrop (ND-
1000) spektrometrede Ol¢iimler alinmistir. RNA konsantrasyonlart 260 nm’de

alinan 6l¢iim degerinin

[C] = A260 x RNA constant (40)

formiiliine koyulmas ile heasaplanmustir.
230 ve 280 nm’lerde elde edilen oOlgiimler saflik derecesinin tespitinde
kullanilmastir.

Deney gruplarindan elde edilen RNA konsantrasyonlari ve saflik oranlar

Tablo-4.8 de gosterilmistir.

4.4.2-DNA agaroz jel elektroforezi
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Agaroz jeli (%1,w/v) hazirlanirken, 1 gr agaroz (Prona Agarose Basica
LE) 100 ml 1x TBE tampon ¢dzeltiye % 37 olacak sekilde formaldehit ve 3-[N-
Morpholino] propanosiilfonik acid (MOPS) ilave edildikten sonra,
konsantrasyonu 0.7 pg/ml olacak sekilde ethidium bromide eklenerek, 1x TBE
tampon solusyonu ile jel yiriitilmiistiir. PCR iriinleri 1/10 oraninda 10x
yikleme boyast ile karigtirilarak (toplam 40 pl) yilikleme yuvalarina
yiliklenmistir. Elektroforez sabit voltajda (70 volt) 3-4 saatte tamamlandiktan
sonra jeldeki bantlarin jel dokiimantasyon sistemi kullanilarak fotograflari
cekilerek 18S ile 28S ribozomal RNA veya GAPDH amplifikasyonlar: ile

normalizasyonlar yine sistemin programi ile yapilmistir.

4.4.3-cDNA sentezi

2 png izole RNA kullanilarak ¢cDNA sentezine baslanmistir. RNA
orneklerinin her birinden 2pg RNA alinarak 37°C de 0,5 pg rastgele hekzamer
oligoniikleotit primerler ve RNAse H (+) reverse transcriptase enzyme Improm
I kullanilarak cDNA yapilmistir. cDNA’larin hacmi distile su kullanilarak 80pul
ye tamamlanmis ve -20°C de saklanmistir. Reaksiyonlar Perkin-Elmer 9700
thermocycler ile baslangic denaturasyonu 65°C de 10 dakika bekletilerek
baglatilmig, 37°C de 10 dakika, 10 pl Reverse transktripase enzimi ekledikten
sonra 42°C de 60 dakika, 75°C de 15 dakika, 1 ul RNase H ekledikten sonra
37°C de 20 dakika bekletildikten sonra saklanmak iizere -20°C’ye
kaldirilmistir.

4.4.4-PCR icin Primer Hazirlanmasi

Cnrl, Cnr2, BAX, Bcl2, FAS, Caspase 3, CD19, IgM, CD247,CD69,
NKR-Pla, NK-p46 genlerinin primerleri, ayrica normalizasyon i¢in B-Actin
genlerinin mRNA primerlerinin tasarimi i¢in NCBI network aglar1 kullanilarak

sekanslara ulasilmis ve DNA-star genetik programi kullanilarak tasarlanmistir

(Tablo 3.5).
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4.45-RT-PCR Kkosullar:

llgilenilen genlerin ¢cDNA’lar1 semi-kantitatif PCR analizi i¢in SYBR
green yontemi kullanilarak amplifiye edilmistir. Tiim tepkimeler standart
kosullarda gerceklestirilmistir. Bu kosullar: 25 ul 2x SYBR karisimi, 6 ul 25
mM MgCl2, 2,4 pl 10 uM reverse ve forward primerlerin ikiside, 50 pl’ye ¢ift
distile su ile tamamlanan 1,5 pl cDNA ve deionize su.4 {inite Taq Polymerase
enzimi.

PCR programlarinin optimizasyonu ig¢in, Oncelikle primerlerin kalip
DNA'ya hidrojen baglar1 ile baglanma sicakligi olan TA derecesi farkli
sicakliklarda denenerek optimum amplifikasyonlar1 saptanmistir. Dongii
tamamlandiginda iki katina c¢ikmis kalip DNA'nin tekrar tek zincir haline
doniismesi ile yeni dongli baslamakta olup, bunun dongii sayisi boyunca
tekrarlanmas1 ile baslangigtaki DNA miktarinin tasarlanan primerlerin
kapsadig1 gen parcasi milyonlarca defa c¢ogaltilmistir. Her dongili arasinda
SYBR green inkororasyonu fluorometrik kantitatif termal cycler Rotorgene
6500 (Corbett scientific, Brisbane, Australia) ile dlgiilmiistiir. ilgili genlerin
ekspresyonlar1 house-keeping gen olan beta-actin ile normalize edilmistir.

4.4.5 Microarraylerin gerceklestirilmesi:

Tim hibridizasyonlar ve prob isaretlemesi Hacettepe Universitesi
Transkriptomiks Laboratuarinda GeneChip sistem kitlerinin protokoliine uygun
kosullarda gergeklestirilmistir. Kullanilan membran Rat Genome RAE 230 2.0
ekspresyon probe array kiti olup 31,000 genin transkriptinin analizine olanak
saglamigtir.

Cift sarmal ¢cDNA 100 pg full-length total RNA ve 3’IVT Express
System kullanilarak T7-(dT)24 DNA oligoniikleotid primer varliginda
sentezlenmistir. Sentezin devaminda cDNA saflagtirilarak High Yield RNA
Transcript Labeling Kit ile biyotinlenmis riboniikleotidler varlifinda transkibe
edilmigtir. Ortalama 10 pg isaretlenmis cRNA hibridizasyon siselerine
eklenerek 16 saat 45°Cde bekletilmistir. Hibridizasyon gergeklestirildikten

sonra, yikama solusyonlar1 ile membranlar 2 kez yikanarak GeneChip Fluidics
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Workstation ~ (Affymetrix)  kullanarak  streptavidin-phycoerythrin ile
boyanmustir.

Array iki kez Konfokal lazer tarayict (GeneArray Scanner) kullanilarak
tek goriintii halinde sonug elde edilmistir. Bu sonug ".dat-file" seklinde olup,
GCOS programi1 (Affymetrix) ile ".cel-file" sekline islenmis, bu hali format ile
Affymetrix GeneChip Laboratuar Bilgi Sistemine (LIMS) yiiklenerek
kaydedilmistir. Ham data TMEV yazilimi kullanilarak ekspresyon diizeyleri
seklinde ifade edilmistir. Kalitesi kontrol edildikten sonra data analiz i¢in
Mikroarray analiz Suite yazilimina yiiklenmistir. Elde edilen goriintiiler,
Scanalyze ve GEArray bilgisayar programlari kullanilarak analiz edilip

normalizasyonlar1 yapilmistir.

4.5-Istatistik

Farkli veri setleri i¢in farkl: istatistiksel yontemler kullanilmistir. Gruplar
aras1 endokannabinoidler ve immiin efektdr say1 farklarin1 bulmak i¢in Kruskal
Wallis ile Mann Whitney U testi uygulanmis olup, Bonferroni diizeltmesi
yapilmistir. Ayni istatistiksel yontemler kantifiye edilen imiinohistolojik
sonuglarin degerlendirilmesinde de kullanilmistir. Gene analizi sonuglari igin
ANOVA kullanilmistir. Tiim istatistiksel hesaplamalar SPSS 11 programinda
yapilmistir.

BULGULAR VE TARTISMA

1-Cahismanin 1. Boliimii

1.1-Endokannabinoidlerin analizi

ANA ve 2-AG serum diizeyleri endurans egzersiz yapan sigcanlarda

kontrol ve orta siddette egzersiz yapan sicanlarla karsilastirildiklarinda

istatistiksel olarak anlamli sekilde yiikselmistir (p< .001) (Sekil 4.1). Bu
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calismanin temel bulgularindan biri olarak literatiirde ilk defa farkli egzersiz
siddetlerinin endokannabinoid sistemini farkli diizeylerde etkiledigi ve ANA ile
2-AG’nin aymi egzersiz siddettinde farkli diizeyde etkilendigi sdylemek
muimkiindiir. Sadece yiiksek siddette yapilan endurans egzersizin dolasim
sisteminde ANA’y1 dramatik sekilde, 2-AG’yi ise daha az ve kademeli olarak
attirdig1 goriilmektedir.

ANA serum diizeyi pmol seviyesinden nmol seviyesine belli bir esik
seviyesinden sonra ani bir artig gostererek ¢ikmistir. Bu nedenle orta siddette
yapilan egzersizin ANA serum diizeyinde fazla bir etkisi olmadigini, ancak
endurans egzersizin ANA serum diizeyini olduk¢a yiikselttigni gdrmekteyiz.
Endurans grubundaki ANA serum diizeyindeki ani artisin sebebi yliksek
siddette yapilan egzersizin viicutta yarattigi stres olarak diisliniilmektedir. Bu
bulgular literatiirde egzersize dayali analjezinin egzersiz siddettine bagl
oldugunu ve ANA serum diizeyi ile CB1 reseptor iletisiminin egzersiz siddetti
ile iliskili oldugunu gosteren bir calisma ile desteklenmektedir (Hoffman et al.,
2004).

Sadece ANA degil, 2-AG serum diizeyi de endurans egzersiz grubunda
artis gostermektedir. Ancak bu artis ANA kadar ¢arpict ve dik degil, aksine
kademeli olarak ger¢eklesmekte ve egzersiz siddetti arttikca 2-AG serum
diizeyi artmaktadir. ANA ve 2-AG’nin ikiside endokannabinoid sistemin
elemanlar1 olmasina ragmen, ikiside endurans egzersize farkli tepkiler
vermislerdir. 2-AG serum diizeyinin ANA kadar dik ve fazla artis
gostermemesi, egzersize dayali endokannabinoid sistem degisikliginde
ANA’nin bagrol oynadigi fikrini desteklemektedir. ANA’nin 2-AG’den fazla
artis gostermesi Sparling ve arkadasalr tarafindan gerceklestirilen bir ¢aligma
ile desteklenmektedir. Bu calismada % 75 VO2max siddettinde kosu ve bisiklet
egzersizi yapan sporcularin egzersiz sonunda alinan kan 6rneklerinde ANA’nin
artis gosterdig, ancak 2-AG’nin egzersizden etkilenmedigi goriilmektedir.
Ancak orta siddette yapilan bu egzersiz ANA seviyesini 1 pmol’den 3 pmol’e
cikarabilmistir. Oysa bu tez literatiirde ilk defa yiiksek siddette egzersiz
kullanilarak ANA’nin nmol seviyesine c¢ikarilabilinecegini, biyolojik olarak

aktif sayilabilinecek diizeye ulagilabilinecegini gdstermistir. Bu tez caligmasi
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yiiksek siddette egzersiz sonucunda hem ANA, hem de 2-AG’nin arttifini
gosteren ilk caligma olma 6zelligne sahiptir.

ANA ve 2-AG endurans egzersize farkli tepkiler vermis ve farkl artiglar
gostermiglerdir. Bunun bir agiklamasinin ANA ve 2-AG’nin hem farkh
fizyolojik etkilerinin olusu, hem de farkli biyokimyasal yolaklardan farkli
kosullar altinda sentezlenmesi oldugu diisiiniilmektedir (Joseph et al., 2004;
Sugiura et al., 2006; Sugiura et al., 2002). ANA PMSF’nin varliginda
degredasyona ugramayip stabil kalabildigi halde bir miktar 2-AG ¢ok ¢abuk 1-
AG velveya 3-AG’ye doniismektedir (Sugiura et al., 2000). ANA ve 2-AG’nin
ikiside CB1 ve CB2 reseptorlerine baglanabilirken 1-AG ve/veya 3-AG bu
reseptorlere baglanma o6zelligine sahip degildir ve viicutta herhangi bir
fizyolojik etki gostermemektedir (Sugiura 2002; Sugiura 2000; Valk 1997).
Buna ek olarak 2-AG oksijen varliginda PGE2-G’ye doniiserek egzersiz
sirasinda Ca+2 hizlica mobilize olmasini sagladigi savunulmaktadir (Nirodi et
al., 2004). Bu nedenle 2AG’nin viicut tarafindan kullanilmasin1 ve/veya birgok
yolaktan yikimini engellemek neredeyse imkansizdir Bu etmenler de 2-AG’nin
serum diizeyinin ANA kadar yliksek olmamasini kabul edilir kilmaktadir.

Sadece 2-AG degil, ANA’da CB2 reseptoriine baglanarak fosfolipaz C ve
inositol 1,4,5- trisfosfat (IP3) ile Ca2+ salinimini etkilemektedir (Zoratti et al.,
2003). Literatiirde endurans egzersizin serbest Cat+2 Kkonsantrasyonunu
diistirerek hiicre i¢i konsantrasyonu etkiledigi ve lenfositlerin stres altinda
gorevlerini yerine getirmelerine olanak sagladigi savunulmaktadir (Broadbent
and Gass, 2006). Bu bilgiler birlestirildiginde endurans egzersize dayali hiicre
ici Cat2 degisikliginin egzersiz ile tetiklenen endokannabinoid sistem
aktivasyonundan ileri geldigi ve lenfositlerin iglevlerini diizenlemede etkili bir

rol oynadigim diistinmek miimkiindiir.

1.2-Imiin efektor hiicre sayimlar

Calismanin birinci boliimiinden elde edilen diger bulgulardan biri 16kosit
sayilar1 ile lenfosit yiizdelerinin endurans tipi egzersiz yapan grupta diger

kontrol ve orta siddette egzersiz yapan gruplar ile karsilastirildiginda diisiis
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gostermesidir (p< .001)(Sekil 4.2). Ote yandan nétrofil yiizdesi endurans
egzersizde diger iki gruba oranla artig gostermektedir (p< .001) (Sekil 4.3). Bu
bulgular literatiir ile uyumlu olup yorucu egzersizin nétrofili ve lenfopeniye
neden oldugunu, ancak orta siddette yapilan egzersizin lenfosit alt tipleri
(sitotoksik T hiicreleri, yardimci1 T hiicreleri, NK hiicreleri ve B hiicreleri) ile
sitokin {retimini etkilemedigini desteklemektedir (Kriiger et al., 2008;
Murakami et al., 2009; Romeo et al., 2008). Egzersizin sporcularda notrofil
sayisini arttirmasina ragmen, notrofil aktivitesini dislrdiigii ve bu diisiisiin
seviyesinin idmanin siddettine bagli oldugu kanitlanmigtir (Kumae et al., 2009).

B hiicreleri (p=.001), T hiicreleri (p=.003) ve NK benzeri T hiicreleri (p<
.001) say1 olarak endurans grubunda diger iki grup ile karsilastirildiginda
azalma gostermistir (Sekil 4.4). Bir¢cok ¢alisma yorucu egzersiz sonrasinda kan
lenfosit diizeylerinin normal seviyenin altina indigini ve bu baskilanmanin
stiresinin egzersiz siddetti ve siiresi ile paralel ve iliskili oldugunu ispatlamistir
(Pyne 2000). Tvede ve arkadaglar1 60 dakikalik % 75 VO2mak ile yapilan
egzersiz sonrasinda immiin sistemin baskilandigini, ancak % 50 VO2mak
siddetinde 60 dakika yapilan egzersiz sonunda herhangi bir baskilanma
olmadigini ispatlamistir (Tvede et al., 1989). Bu calismay1 diger bir ¢calisma ise
22 saglikli geng erkek iizerinde yapilmis olup, 60 dakikalik orta siddette kosu
egzersizinin T hiicre say1 ve aktivitelerinde fark yaratmadigini savunmaktadir
(Romeo et al., 2008).

Lokosit sayisindaki diisiis goz Oniine alindiginda 16 haftalik endurans
egzersizinin sonunda lenfosit sayilarinda da genel anlamda bir immiin
baskilanma beklemek ve gormek olasidir. Hiicre sayilarinin genel anlamda
azalmasinin endokannabinoidlerin NK, T ve B hiicrelerinde apoptozu tetiklemis
olmasindan kaynaklandigi diistiniilmektedir (Do et al., 2004; Rockwell et al.,
2006; Malfitano et al., 2006). Orta siddette egzersiz grubunda da apoptotik
hiicre sayis1 kontrol grubuna gore artis gostersede endurans egzersiz grubu
kadar yiiksek olmadigi tespit edilmistir. Bu sonuglar 1s1§inda apoptozun
egzersiz siddetine bagli oldugu ve egzersiz siddettine gore degiskenlik
gosterdigini sOylemek miimkiindiir (Wang and Huang, 2005). TUNEL metodu

kullanilarak yapilan immiinohistolojik analiz sonucunda dalakta da apoptozun
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endurans egzersiz grubunda tetiklendigi, orta siddette egzersiz grubunda da
endurans egzersiz grubu kadar olmasa da apoptotik hiicrelerin arttig1 tespit
edilmistir (Sekil 4.6). Bu sonuglar literatiir tarafindan desteklenmektedir
(Lagranha et al., 2004, Wang and Huang, 2005, Wang and Lin, 2009). Bazi
caligmalar Ozellikle dalakta ANA’nin lenfositlerde apoptozu tetikledigini
gostermistir (McKallip et al., 2002; Schwarz et al., 1994). Bu nedenle imiin
efektor hiicre sayilarinda gozlemlenen diisiisiin endokannabinoidlere dayali
apoptozdan kaynaklandigi onerilmektedir (Do et al., 2004; Rockwell et al.,
2006; Malfitano et al., 2006). RT-PCR sonuglarina bakildiginda ise apoptotik
yolaklarin genleri olan BAX, caspase 3, Fas ve antiapoptotik bilesen Bcl2
mRNA  ekspresyonlar1  artmadigindan, apoptozun hiicresel diizeyde
gerceklestigi  ve/veya fosforilasyon kaskadimi kullanarak gerceklestigi
savunulmaktadir. Do ve arkadaslar1 egzojen ve endojen kannabinoidlerin
apoptozu CB1 ve CB2 reseptorleri lizerinden tetikledigini, bu arada NF-kB’nin
rol oynadigi bir mekanizma ile immiin supresyona neden oldugunu
gostermislerdir (Do et al., 2004). Ayni calismada kullanilan CB1 ve CB2
reseptdr anatgonistleri sayesinde bu iki reseptoriin de apoptoz mekanizmasinda
rol oynadigini gostermistir.

Hiicre oranlar1 gbz oniine alindiginda ise endurans egzersiz yapan grubun
NK hiicrelerinde (p=.02) ve T hiicrelerinde (p= .02) artma gdzlemlenirken, B
hiicrelerinde(p< .001) ise azalma oldugu tespit edilmistir (Sekil 4.5). Buna
karsilik NK benzeri T hiicrelerinde anlamli bir fark olusmadigi tespit edilmistir.
Orta sidddette egzersizin lenfosit ve NK hiicre oranlarini etkilemedigi literatiirle
desteklenmektedir (Raso et al., 2007). Bu sonuglar immiin efektér hiicrelerin
egzersize dayali olarak artan ANA ve 2-AG’den farkli oranda etkilendigini,
ayn1 egzersiz siddettinde farkli degisimler gosterdigini ve orta siddette
egzersize karsi duyarsiz kaldigimi goOstermektedir. Literatlir egzojen olarak
uygulanan endokannabinoidlerin hiicresel ve hiimoral bagisikliga katilan T ve B
hiicreleri  farkli yonde etkiledigini gostererek bizim  bulgularimiz1

desteklemektedir (Derocq et al., 1995; Joseph et al., 2004).

1.3-Immiinohistoloji
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1.3.1-Tunel ile apoptozisin degerlendirilmesi

Kontrol ve deney gruplar1 karsilagtirildiginda, dalakta apoptotik indeksin
egzersiz yapan gruplarda artmis oldugu, timusta ise belirgin bir farklilik
olmadigi saptanmistir (Sekil 4.6). Endurans ve orta siddette egzersiz yapan
gruba ait dalak orneklerinde hesaplanan apoptotik indeksler kontrol grubuna
gore istatistiksel olarak anlamli bigimde yiiksekti (her iki grup i¢in de p<.001).
Incelenen tiim dalak orneklerinde apoptoptik hiicreler beyaz pulpadaki
periarteriolar diffiiz ve nodiiler lenfoid dokunun dis kisminda, marjinal zonda
ve hemen kirmizi pulpa komsulugunda izlendi. Bu bdlgelerin, kan kokenli
antijenlerin lenfositlere sunularak vendz siniizoidlerden beyaz pulpadaki lenfoid
kompartmanlara giris yaptgi alanlar oldugu dikkati ¢ekti. Morfolojik olarak
apoptotik hiicrelerin lenfomonositer hiicre gruplarindan olstugu goézlendi (Sekil
4.7). Timustaki apoptotik hiicre gruplar1 T lenfosit serileri ile epitelyal hiicreleri
icermekteydi. Bu hiicreler, kontrol ve egzersiz gruplarinda benzer lokalizasyon
ve sayilarda, ¢ogunlukla timik lobiillerin korteks medullla smirinda ya da

medullanin i¢inde izlendi (Sekil 4.8).

1.3.2 immiin efektor hiicrerelerin lenfoid dokuda haritalanmasi

CD3 tiim gruplarda dalagin beyaz pulpasinda PALSta yaygin dagilim
gosterdi. Timusta farkli gelisme evrelerindeki timositler korteks ve medullada
bu molekiilii eksprese etti. Dalakta dncelikli olarak T hiicre zonlarinda eksprese
oldu. Dalakta beyaz pulpada MHC class 1 molekiiliiniin sundugu antijene
spesifik oldugu bilinen T hiicreleri ve timustaki timositler CD8a ve CD8b’yi
eksprese etti (Sekil 4.9, 4.10). CD11lb, dalak ve timusta muhtemelen
graniilositler, NK hiicreleri ve T ile B hiicrelerinin alt gruplarini i¢eren daha az
sayida hiicre tarafindan eksprese edildi. Dalakta asil olarak kirmizi pulpada
dagilim gosterdi (Sekil 4.9, 4.10). Antikorla uyarilan B hiicre isaretleyicisi olan
CD25, dalagin B hiicrelerini bulunduran nodiiler lenfoid dokusunda (beyaz

pulpa) dagilim gosterdi. Ilging olarak bu antijen timus medullasinda az sayida
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lenfoid hiicreyi de isaretledi. CD45 dalak ve timus parankiminde oldukca
yaygin ve giiclii bir ekspresyon paterni gosterdi. CD45RA dinlenme halindeki T
hiicrererince eksprese edildi. NK hiicre isaretleyicisi olarak bilinen, ancak bazi
T ve B hiicre alt gruplarinin da barindirdigi bilinen CD56, timus medullasinda
ve dalakta kirmizi pulpada az sayida hiicre tarafindan eksprese edildi. Anti
fagosit antikoru ile timus ve dalak parankimindeki makrofajlar yaygin bigimde
isaretledi (Sekil 4.11, 4.12). Immiin efektdr hiicrelerin yiizey antijenlerini
eksprese etme gruplara gore oranlari kantitatif olarak hesaplanmistir. Buna gore
hem orta siddette egzersiz, hem de endurans egzersiz yapan hayvanlarin dalak
dokusunda CD8a ve CD8b eksprese etme orani kontrol grubuna gore artmigtir
(Sekil 4.13). CD11b eksprese etme orani dikkate alindiginda ise, endurans
egzersiz yapan grubun dalaklarinda orta siddette egzersiz (p= .024) ve kontrol
(p= .007) gruplan ile karsilastirildiginda, daha diisiik CD11b ekspresyon
degerine sahip oldugu saptanmistir (Sekil 4.14). CD25 ekspresyon oraninin
egzersizle diistiigii gdzlemlense de, istatistiksel olarak anlamli tek fark kontrol
ile orta siddette egzersiz gruplar1 arasinda tespit edilmistir (p= .022) (Sekil
4.15). Endurans egzersiz grubunun dalak dokusunda da PHA eksprese eden
hiicre sayilarinin kontrol grubu ile karsilagtirildiginda artmig oldugu
goriilmektedir (p=.006) (Sekil 4.16).

Timusta CD8a eksprese eden hiicreler disinda, gruplar arasinda anlaml
bir farka rastlanmamustir. Sadece endurans egzersiz ile kontrol grubu arasinda
CD8a eksprese eden hiicreler agisindan anlamli bir fark bulunmustur(p= .038)

(Sekil 4.17).

1.4-RT-PCR analizi

Calismanin birinci boliimiinden elde edilen RT-PCR sonuglarina gore
endurans egzersiz yapan si¢anlarin dalak dokusunda CB1 reseptor mRNA
ekspresyonu acisindan artis oldugu gozlemlenmistir (Sekil 4.18). CB2 reseptor
geninin ekspresyon diizeyinde farkliliga rastlanmamistir. Timusta da hicbir gen
acisindan fark yoktur. Dalakta CB1 reseptdr gen ekspresyonundaki bu artis

ANA serum diizeyi ile parallelik gostermekte olup, son derece anlamlidir,
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clinkii literatir ANA’nin daha c¢ok CBIl {izerinden etki gdsterdigini
desteklemekte, ayni zamanda dalagmn periferdeki kani yansittigini
belirtmektedir (Bakovic et al., 2005; Frances et al., 2008). Bu sonuglar ile
endurans egzersizin sadece protein diizeyinde degil, gen diizeyinde de
endokannabinoid sistemi aktive etmis olabilecegini, ve bu etkinin ANA
molekiiliiniin CB1 reseptor yolagini kullanmasi ile gerceklestiginin gostergesi
oldugunu savunmak miimkiindiir. Bu bulgular literatiirde Keeney (2008)’nin
caligmasi ile desteklenmektedir. Keeney (2008) calismasinda farelere CBI
reseptdr antagonisti vererek egzersiz hizi ve kosu mesafesinin azaldigini
gostermis ve bu sonugclar ile egzersiz ve endokannabinoid sistemi arasindaki
iliskisinde CB1 reseptoriiniin  varligin1 ispatlarken endokannabinoidlerin
endurans egzersizine dayali ndrobiyolojik odiillendirmede CB1 reseptor

yolagini kullandigin1 savunmustur.

2-Calismanin 2. Boliimii

2.1-ANA serum diizeyinin nin dl¢iilmesi

ANA serum diizeyi kontrol grubu ile karsilastirildiginda tiim egzersiz
yapan gruplarda istatistiksel olarak anlamli sekilde artmistir. (Sekil 4.27). Ayni
zamanda egzersiz yapan gruplar arasinda fark olmadig: tespit edilmistir. Bu
sonuglar son derece tutarli olup, aynmi egzersiz siddetti ve siiresine maruz kalan
tiim sicanlarda ANA serum seviyesinin ayni oranda arttigini gostermektedir.

ANA serum diizeylerinin ¢alismanin birinci boliimiine oranla daha diisiik
oldugu saptanmistir. Bu sonu¢ ile ANA serum seviyesindeki artisin sadece
egzersiz siddetine degil, ayn1 zamanda antreman siiresine de bagli olabilecegini

diistiniilmektedir.

2.2-Imiin efektor hiicre sayimlari

Endurans egzersiz yapan grubun kontrol grup ile karsilastirildiginda

kandaki lenfosit oraninda egzersize dayali ciddi bir diisiis oldugu tespit
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edilirken CB reseptor antagonistleri olan AM281 ve AM630’un bu diisiisi
tamamen olmasa da kismen engelleyebildigi goriilmiistiir (Sekil 4.28). AM281
(F= 22,91; p=.005) ve AM281+AM630 (F= 18,90; p=.023) uygulanan gruplar
ile egzersiz grubu arasinda fark oldugu gibi, kontrol grubu arasinda da fark
goriilmektedir. Ancak antagonist uygulanan iki grup arasinda anlamli bir farka
rastlanmamustir.

Yine kan sonuglar1 incelendiginde T hiicre (CD3+) oranmin egzersiz
yapan grupta kontrol (Z= 2,42; p=.016) ve antagonist uygulanan gruplara (Z=
2,05; p=.04) kiyasla yiikseldigini sdylemek miimkiindiir. Bunun yani sira
kontrol grubu ile antagonist uygulanan AM281 ve AM281+AMG630 gruplari
arasinda anlamli bir fark olmadig1 goriilmiistiir. Bu sonuclar 1s181inda kullanilan
AM281 velveya AMG630 antagonistlerin endurans egzersize dayali T hiicre
oranindaki artis1 kanda engellemeyi basardigi disiiniilmektedir (Sekil-4.29).
Buna ek olarak T hiicrelerinin alt tipi olan yardimci T hiicreleri (CD3+CD4+)
oraninin kanda gruplar arasinda farklilik gostermedigi, ancak sitotoksik T hiicre
(CD3+CD8a+) oraninin endurans egzersiz yapan grupta kontrol (Z= -2,21; p=
.027) ve AM281 (Z= -2,73; p= .006) gruplarina gore diisiis gosterdigi tespit
edilmistir (Sekil 4.29)

NK ve B hiicreleri agisindan kanda gruplar arasinda ne kontrolle, ne de
egzersiz ile fark bulunamamistir. Timus dokusunda da herhangi bir imiin
parametre acgisindan farkliliga rastlanmamustir. Ancak dalak dokusu
incelendiginde, dalakta da T hiicre yiizdesi egzersiz ile artig gostermistir ancak
ne tek basina AM281, ne de AM281 ile AM630’un beraber kullanim1 endurans
egzersize dayal1 bu artis1 engelleyebilmistir (Sekil 4.30).

Splenik T hiicrelerinde oldugu gibi, her iki antagonist ne tek basina, ne de
beraber kullanildiginda endurans egzersize dayali degisimleri engellemeyi
basaramamislardir. Bu sonuclara dayanarak ANA’nin imiin efektor hiicreleri
dalakta kandakinden farkli bir yolak iizerinden regiile ettigi diisiiniilmektedir.
Kanda T hiicreleri CB1 ve CB2 reseptorleri iizerinden regiile ederken, dalakta T
hiicreleri, NK benzeri T hiicreleri, aktive T hiicreleri ve ikili pozitif T hiicreleri
CB1 ve CB2 reseptorlerinden bagimsiz farkli bir yolak iizerinden regiile ettigi

sonucuna varilmaistir.
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Endurans egzersize dayali imiin efektor hiicre degisiklikleri dalakta T
hiicreler (CD3+) ile smirli degildir. Egzersize dayali CD4+CD8+ T hiicre
ylizdesinde de artis gozlemlenirken (Sekil 4.31) , NK benzeri T
(CD3+CDl161a+) hiicre yiizdesi ile aktive T (CD3+RTI1b+) hiicrelerin
yiizdesinde azalma oldugu tespit edilmistir(Sekil 4.32, 4.33).

Egzersize dayali ANA serum diizeyindeki artisin kan ve dalak T hiicre
populasyonunu arttirdig1, buna ek olarak dalaktaki CD4+CDS8+ T hiicreleri de
arttirrkken  NK  benzeri T  hiicreleri ve aktive T hiicreleri azalttigi
gozlemlenmistir. Ancak ANA’daki bu artisin dalakta B ve NK hiicrelerini
etkilemedigi, timusta ise herhangi bir imiin efektdr hiicre populasyonuna etki
etmedigi tespit edilmistir. Dalakta da T hiicre ylizdesi egzersiz ile artis
gostermistir ancak ne tek basina AM281, ne de AM281 ile AM630’un beraber
kullanim1 endurans egzersize dayali bu artis1 engelleyebilmistir (Sekil 4.30).

ANA ve imiin efektor hiicrelerin arasindaki iliskiye istatistiksel
yontemlerden Pearson Product ile bakildigi zaman ANA ve bazi imiin
parametreleri arasinda bagmti oldugu goriilmektedir (Tablo 4.7). ANA’nin
dalak dokundan 6lgiilen NK benzeri T hiicreler (CD3+CD161a+) ve aktive T
hiicreler (CD3+RT1b+) ile ters iligkili, T hiicreler (CD3+) ve double pozitif T
hiicreler (CD3+CD4+CD8a+) ile dogru orantili olarak iligkili oldugu tespit
edilmistir. Diger yonden ANA ile kan ve timustan elde edilen imiin efektor

hiicreler arasinda herhangi bir iligski bulunamamustir.

2.3-Immiinohistolojik degerlendirme

2.3.1-Tunel yontemiyle apoptozisin degerlendirilmesi

Egzersiz ve antagonist gruplarinda yapilan incelemede, dalak ve timus
orneklerinde ilk ¢alismadakine benzer yerlesimdeki hiicrelerin apoptoza gittigi
izlendi. Dalakta egzersiz grubunda artan apoptotik hiicre indeksleri saptandi
(Sekil 4.34). Anatagonist uygulamasiyla, egzersiz grubundaki apoptozun
istatsitiksel olarak anlamli bigimde baskilandigi izlendi. Timusta tiim gruplarda

benzer apoptoz oranlari izlendi.
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2.3.2 immiin efektor hiicrelerin lenfoid dokularda haritalanmasi

Egzersiz ve antagonist gruplarinda yapilan incelemelerde immiinefektor
hiicreler dalak ve timusta calismanin ilk bolimiindeki kompartmanlarinda
tekrar gozlendiler.

Hiicrelerin gruplarina gore kantitatif  immiin isaretlenme oranlar
hesaplanarak istatistiksel olarak anlamli farklar olup olmadigi sorgulanmustir.
Dalak kesitlerinden elde edilen sonuglara géore CD8a eksprese etme orant hem
endurans egzersiz (p= .004), hem AM281+AM639 antagonist (p= .015)
grubunda kontrole gore artmistir (Sekil 4.41). CD8b eksprese etme orani ise
sadece endurans egzersiz grubu ile kontrol grubu arasinda anlamli olacak
sekilde degismistir(p= .011) (Sekil 4.41). PHA eksprese eden hiicre sayisi ise
endurans egzersiz grubunda artmistir olup AM281 (p=.001), AM281+AM630
(p= .01) ve kontrol (p= .001) gruplar1 ile dalakta anlamli farkliliklar
gostermektedir (Sekil 4.42). Diger yandan timus kesitlerinde tiim bu hiicreler

icin gruplar arasi fark tespit edilememistir.

Mikroarray sonuclari

31099 gen arasindan 302 adet genin transkripsyon diizeyinde a= 0.001
olacak sekilde istatistiksel olarak anlamli farklar oldugu, bunlarin arasindan 190
adet genin isimlerinin bilindigi, geri kalan 112 adet genin heniiz
tamimlanmadigi ve bundan dolayr degerlendirilemedigi, ancak ileride
degerlendirilecegi tespit edilmistir.

CB2 reseptoriinii kodlayan Cnr2 (p= .003) ve FAAH enzim proteinini
kodlayan genin (p=.04) dalakta kontrol ile AM281+AMG630 antagonist gruplari
arasinda transkripsyon diizeylerinde farklilik gosterdigi tespit edilmistir. IgD
imiinoglobulin proteinini kodlayan genin kontrol grubu ile karsilastirildiginda
endurans egzersiz (p= .016), AM281 (p< .001) ve AM281+AM®630 (p= .002)
gruplarinda transkripsyonunda azalma oldugu tespit edilmistir. Buna ek olarak

CDS8 yiizey antijeninini kodlayan gen ile perforin proteinini kodlayan genin
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endurans egzersiz ile AM281+AM630 gruplart arasinda transkripsyon
diizeylerinde istatistiksel olarak anlamli farklar oldugu gézlemlenmistir. Bunun
yan1 sira CD38 antijen proteinini kodlayan gen (p= .017) ile IL-15 proteinini
kodlayan genin ( p= .005) transkripsyon diizeyinin kontrol ile AM281 gruplari
arasinda dalakta farklilik gosterdigi tespit edilmistir.

Timusta kontrol ile AM281+AM630 gruplart arasinda CD4 (p= .018),
CD8 (p=.022), CD48 (p= .009) antijenlerini kodlayan genler, IL 4 (p=.03) ve
IL15 (p= .002), proteinlerini kodlayan genler, IL-1a (p= .015) proteinini
kodlayan gen, INFy (p= .03) proteinini kodlayan gen, Caspase 8 (p= .017)
proteinini kodlayan gen ve NFkB (p= .026) genine ek olarak endokannabinoid
sistem ile ilgkili olan CB2 reseptoriinii (p= .015) kodlayan gen ile FAAH (p=
.004), MGL (p= .046) ve DGL (p= .004) enzimlerini kodlayan genlerin
transkripsyon diizeylerinde fark oldugu tespit edilmistir. CD48 ylizey antijen
proteinini kodlayan genin endurans egzersiz ile AM281+AM630 gruplari
arasinda anlamli bir fark oldugu gézlemlenmistir (p= .03). Apoptotik yolak ile
iliskili genlerden caspase8 (p= .006) ve NFkB (p= .037)’nin transkripsyon
diizeylerinde artis gozlemlenirken endurans egzersiz ile AM281+AM630
gruplart arasinda fark oldugu belirlenmistir (p=.05).

Dalakta CD69, CD4, CD 244, CD14, CD48, IgM proteinlerini kodlayan
genlerin transkripsyon diizeylerinde fark olmadigi gozlemlenirken, apoptotik
yolak ile iligkili olan Bax, Fas, casp3, Bcl2, Fasl, Casp8, ve NFkB’y1 kodlayan
genlerin  transkripsyonlarinda da  egzersiz yapan gruplarda fark
gozlemlenmemistir. IL-4, 1L-10, IL-6, IL-2, IL-1a, IFNy proteinlerini kodlayan
genlerin ekspresyon diizeylerinde belirgin farklara rastlanmamistir.

CD3 zeta, CD25, CD45RA, CD45R0O, CD19, CD10, CD21, CD27,
CD11c, CD11b, CD16, CD56, CD57, CD161a, NKp46, rNKp30 ve RT1b
proteinlerini kodlayan genler kullanmilan kitte bulunmamaktadir veya heniiz
taniml1 olmadigindan bu genler agisindan tespitte bulunulamamuistir.

Ancak, egzersiz sonucunda igerisinde bagisiklik sistemi ile iligkileri
olanlarinda bulundugu cesitli genler ekspresyonlarinda farklilik gostermistir. En
fazla degisiklige ugrayan genler tablo 4.9 ve tablo 4.10.g6sterilmistir.

Bu calisma ile ilk kez egzersiz siddetine baglh olarak gelisen
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endokannabinoid ve imiin sistem yaniti incelenmistir. Endurans egzersize
dayali immiin sistem degisiklikleri endokannabinoid sistemi {izerinden
aciklanmaya calisilmistir. Egzersiz siddetine bagl olarak ANA ve 2-AG’nin
farkli diizeylerde artti§i, bu artisin imiin efektér hiicreleri etkiledigi tespit
edilmigtir. Endurans egzersizin ANA serum diizeyini arttirarak hem kanda, hem
de dalakta T hiicre ylizdesini arttirdigi, ancak bu artisin sadece kanda CB1 ve
CB2 reseptorleri lizerinden regiile edildigi saptanmistir. Bunun yani sira dalakta
ikili pozitif T hiicreler artarken, NK benzeri T hiicreler ve aktive T hiicrelerin
azaldig1, ancak bunlarinda CB1 ve CB2 reseptorlerinden bagimsiz bir yolak ile
diizenlendigi gosterilmistir. Timustaki imiin efektor hiicrelerinden hi¢ birinin
egzersize dayali olarak degismedigi saptanmistir. Immiin sistemde meydana
gelen degisikliklerin bazilarinin gen bazinda oldugu, immiin sistemin egzersize
gen bazinda adaptasyon gelistirdigi gozlemlenirken oOzellikle heat shock
proteinlerini kodlayan genlerin transkripsyonlarinda artis oldugu tespit

edilmistir.
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