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ABSTRACT

Lymphocytes recirculate between the blood and lymph moving by routes that take
them through various lymphoid and non-lymphoid organs in order to search for
their cognate antigen. Naïve and effector/memory T cells provide distinct reper-
toires of receptors and ligands that constitute their ability to interact with the
microvessels of different anatomical compartments and, consequently, have dis-
tinct patterns of migration. Lymphocyte migration from vascular to extravascular
sites is a tightly controlled cascade of events, initiated by tethering and rolling
interactions of lymphocytes on the endothelial surface. Local chemokines initiate
in the activation of integrin adhesiveness, followed by firm arrest and endothelial
transmigration. 

Environmental stress induces a substantial re-distribution of T-cells within
lymphoid and non-lymphoid organs. A uniform response pattern seems to exist
with a decrease in lymphocyte numbers in the spleen which is accompanied by an
increase in lymphocytes in lung, bone marrow and Peyer’s patches. The alter-
ations of the migration properties could be partially explained by adrenergic
mechanisms which influence surface expression of adhesion molecules. Further-
more exercise and environmental stress result in a decreased expression of adhe-
sion molecules, which might be the result of a selective mobilization of cells. 

In conclusion, exercise stress induces a substantial re-distribution of T-cells
within lymphoid and non-lymphoid organs. It can be hypothesized that these
stress-induced effects on lymphocyte trafficking might enhance immune surveil-
lance and vigilance. However, further investigations are crucially needed to gain
more insights into the underlying mechanisms.
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INTRODUCTION

Exercise is known to induce characteristic alterations of blood lymphocyte
counts. An initial lymphocytosis during exercise is followed by a lymphocytope-
nia in the recovery phase after exercise (Nieman et al. 1991). The initial rise of
blood lymphocytes is supposed to reflect cell mobilization both from the margin-
al pool and from peripheral lymphoid organs (Gabriel and Kindermann, 1998,
Hay and Andrade, 1998, Krüger et al. 2007). However, it remains unclear which
mechanisms are responsible for the decrease of blood lymphocyte in the post-
exercise period. Some studies presented evidence in which apoptosis plays a role
in the post-exercise lymphopenia. Most investigators, however, have only found
rather small apoptosis levels in the peripheral circulation suggesting that pro-
grammed cell death may not play the predominant role (Mars et al. 1998; Mooren
et al. 2002, Steensberg et al. 2002, Mooren et al. 2004). Therefore, other process-
es, like lymphocyte trafficking and redistribution, which may be involved in the
quantitative changes of blood lymphocytes during and after exercise stress, have
to be considered as well. 

Lymphocyte trafficking describes the movement and migration of lympho-
cytes throughout the various lymphoid and non-lymphoid compartments on their
search for pathogens or antigens. It is a highly regulated process which is deter-
mined by tissue-specific guidance signals expressed by the endothelial cells of
postcapillary venules, combined with counterreceptors expressed by the circulat-
ing lymphocytes. The expression of these signals and receptors is, in turn,
dependent on activation status and is orchestrated by a number of different sig-
nalling molecules such as hormones, cytokines and chemokines (Stefanski et al.
2003, Kunkel et al. 2003, Krüger et al. 2007). 

Within this review we will give (i) an overview about routes and migration
pathways of lymphocytes, (ii) how lymphocyte trafficking and homing is regulat-
ed, (iii) and how exercise and exercise associated signalling mechanisms affect
lymphocyte recirculation and homing. 

Lymphocyte recirculation 
Lymphocyte trafficking between the blood and the tissues is pivotal for normal
immune responses. It allows highly efficient contacts between the lymphocytes
and pathogen-derived antigens, which may enter the body via a variety of routes
(Ebert et al. 2005). These antigens are invariably delivered to the secondary lym-
phoid tissues, such as the lymph nodes (LNs), Peyer’s patches (PPs), and spleen,
where they are detected by recirculating lymphocytes. A coordinated course of
the immune response is initiated by following specific cell-cell contacts with anti-
gen-presenting cells as well as cell-matrix interactions (Mackay, 1991, Butcher
and Picker 1996, Sallusto et al. 2000, Moser et al. 2001). 

Thereby, lymphocyte traffic seems to occur on different routes and the
respective pathway a single T cell uses for migration depends on maturation and
activation status. Naïve and effector/memory T cells express a distinct pattern of
receptors and ligands which influence their trafficking routes. It has recently been
suggested that the pattern of expression of the receptors CCR7 and CD45RA
divides human T cells into distinct subsets (Sallusto et al. 1999). The naïve T cells
(TN) express both CCR7 and CD45RA and preferentially migrate to secondary
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lymphoid organs like the LNs, the PPs and the spleen (Fig. 1). These organs rep-
resent the sites where antigen-loaded dendritic cells (DCs) present antigen-pep-
tide-MHC-complexes to naïve T-cells and provide appropriate co-stimulatory sig-
nals for immune response initiation (Ebert et al. 2005). Once their cognate anti-
gen is presented, T-cells become activated and differentiate into memory/effector
T-cells. 

Antigen-experienced T cells are more diverse than naïve T cells with respect
to their migratory properties. In particular, these cells can be subdivided as either
central memory cells (TCM), effector memory cells (TEM) or effector T cells
(TEFF). TCM cells lack immediate effector functions, whereas they can rapidly
respond to antigens upon re-encounter. Regarding their homing properties, TCM
cells are CD45RA- and CCR7+ and preferentially migrate into the secondary lym-
phoid organs and the bone marrow. Lymphocyte access to most secondary lym-
phoid organs is tightly controlled by specialized vessel walls, the high endothelial
venules (HEVs). HEVs are present in the LNs, the PPs, the tonsils, the appendix
and bronchus and nasal-associated lymphoid tissues. The lumen of HEVs is lined
by tall and cuboidal endothelial cells with an irregular surface which contributes
to turbulent blood flows within the vascular microdomains, thereby promoting
margination of lymphocytes along the vessel wall. HEVs share common features
with ordinary venules except for expressing tissue-specific adhesion molecules
for naïve lymphocytes (Streeter et al. 1988). HEVs in peripheral lymph nodes
(pLNs) express peripheral lymph nodes addressins (PNAd), whereas those in the
PPs express mucosal addressin cell adhesion molecule-1 (MAdCAM-1) (Streeter
et al. 1988, Nakache et al. 1989). 

In contrast to TCM cells, TEM and TEFF cells are CCR7- and cannot efficient-
ly recirculate through the LNs or the PPs. Instead, both cell types migrate to
peripheral and non-lymphoid tissues where they can provide an efficient cytotox-
ic activity (Fig. 1) (Masopust et al. 2001, Weninger et al. 2001). Major TEFF and
TEM subsets show a remarkable migratory selectivity for certain tissues like the
gut or the skin depending on their receptor expression. The site of antigen entry
strongly influences the trafficking properties of TEFF and TEM cells. Therefore,
these T cell subsets are thought to be the only cell types which show a peripheral
tissue tropism depending on the origin of the presented antigens (Mora and van
Adrian 2006). 

Accordingly, lymphocyte trafficking is a highly subset specific process and
is based on the expression of multiple “address codes” on migrating T cells as
well as on stationary endothelial cells that allow the extravasation through the
vessel wall. This process includes a number of different steps which are under the
control of specific adhesion molecules, including selectins, integrins and
addressins, corresponding vascular ligands as well as the large family of
chemokines and their receptors (Ebert et al. 2005). 

Regulation of lymphocyte trafficking: The homing process
A number of well characterized signalling events serve as mediators of the lym-
phocyte-endothelium interaction thereby promoting the lymphocyte entry into
lymphoid and non-lymphoid tissues. The site-specific transmigration through the
endothelium includes a cascade of several steps, which start with the tethering
and rolling of circulating lymphocytes at the vessel walls of target tissues. The
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Fig. 1:
Trafficking routes of different T lymphocyte subsets through the lymphoid and non-lym-
phoid organs. Naïve T cells (TN) preferentially migrate to secondary lymphoid organs like
Peyer’s patches (PP), spleen, mesenteric and peripheral lymph nodes (pLN and mLN).
When entering lymph nodes and the PPs, TN transmigrate through specialized vessels, the
high endothelial venules (HEVs). The secondary lymphoid organs are places where T cells
first meet their cognate antigen. 
Migration properties of antigen-experienced T cells are more diverse and depend on the
subtypes. Central memory T cells (TCM) efficiently migrate into secondary lymphoid
organs similar to TN. In contrast, effector memory cells (TEM) and effector T cells
(TEFF).migrate to a greater extent to non-lymphoid tissues like skin or lamina propria. 

reversible step of rolling is mediated primarily by the three members of the
selectin family, known as E-, P- and L-selectin (CD62E, CD62P and CD62L). L-
selectin is expressed on the surface of lymphocytes whereas E- and P- selectin are
expressed on endothelial cells (Fig. 2) (Kansas 1996). P-selectin glycoprotein lig-
and 1 (PSGL1) is the dominant ligand for all three selectins. Selectins are the
most effective molecules which promote tethering and rolling likewise during
conditions of higher fluid shear stress. In addition to PSGL1, E selectin also binds
to CD44 (Hidalgo et al. 2007). CD44, the hyaluronan receptor, has been shown to
function primarily by supporting lymphocyte rolling at inflammatory sites (Stoop
et al. 2002). 
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Next, integrins α4β7, VLA-4 and LFA-1 mediate rolling and firm adhesion
of lymphocytes (Chan et al. 2001). Among the integrins, α4β7 and LFA-1 mediate
rolling which is performed with the former molecule  with relatively high effi-
ciency, whereas the latter one has limited capacity. VLA-4 mediated rolling is
optimal only after prior activation (Sigal et al. 2000, Grabovsky et al. 2000). 

Lymphocyte activation and arrest is rapidly triggered by chemokines and
mediated by the binding of the integrins VLA-4 and LFA-1 to intracellular adhe-
sion molecule-1 (ICAM1) and vascular cell-adhesionmolecule 1 (VCAM-1) on
endothelial cells (Fig.2) (Chan et al. 2004). Chemokines are the master con-
trollers of lymphocyte migration. They are primarily secreted proteins of 67-127
amino acids which are grouped into two major subfamilies according to the
arrangement of two NH2-terminal Cys residues, which are either separated by a
single amino acid (CxC) or are in adjactent positions (CC). Functionally,
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Lymphocyte recruitment from
the blood stream requires
adhesion and transmigration
through the vessel walls. The
site specific interaction with
the endothelium depends on a
cascade of events starting with
capture, tethering and rolling
of lymphocytes at the vessel
wall. A number of well charac-
terized adhesion molecules
and their ligands serve as
mediators of these processes.
L-, E- and P-selectins and their
interactions with PNAd, CLA
and PSGL-1 are the most
effective homing receptors and
ligands which induce tethering
and rolling of lymphocytes in
flow. Lymphocyte firm arrest
is rapidly triggered by
chemokines and mediated by
immunoglobulin superfamily
members, such as ICAM1 and
VCAM, expressed by endothe-
lial cells. Transendothelial
migration is the final step of
lymphocyte migration. It is
suggested, that ICAMs and
junctional adhesion molecules
(JAMs) are involved. 



chemokines can be devided into three goups, inflammatory, homeostatic and
dual-function chemokines, which participate in both tasks. In this review we will
focus on homeostatic chemokines, which navigate lymphocytes during
hematopoesis, initiation of an adaptive immune response and in immune surveil-
lance. CXCR4 is the only chemokine receptor with ubiquitous expression in pre-
cursor and mature leukocytes suggesting a general function in leukocyte home-
ostasis. T cell associated chemokines are CCR7 and on subsets CXCR3, CXCR6,
CXCR7, CCR9 and CCR5. Some of their ligands include CCL16, CCL19,
CCL21 and CXCL13 (Moser et al. 2004). Chemokines are the most relevant
physiological activators of integrin mediated adhesion and can rapidly regulate
integrin avidity (Constantin et al. 2000). Transmigration through the venular walls
is the final step of the process of lymphocyte emigration into secondary lymphoid
organs or extra-lymphoid tissues. It involves a penetration of the endothelial-cell
barrier and its associated basement membrane and occurs with a minimal disrup-
tion of the barriers structure. The exact molecular mechanisms of transendothelial
migration in HEVs are not fully understood. It is suggested, that molecules
including ICAMs and junctional adhesion molecules (JAMs), located in interen-
dothelial junctions, are involved (Fig. 2) (Engelhardt and Wolburg, 2006).

Some of these homing receptors mediate tissue-specific lymphocyte hom-
ing. L-selectin seems to be predominantly involved in homing to the LNs. L-
selectin is characteristically expressed by naïve lymphocytes and TCM cells which
continuously migrate through the secondary lymphoid organs until antigen expo-
sure. Accordingly, L-selectin ligands are constitutively expressed on HEVs. One
of the most important ligands is the peripheral lymph node addressin (PNAd),
which is permanently expressed on HEVs and ensures the homing of naïve T cells
and TCM to LNs. In addition, L-selectin can bind to mucosal vascular cell-adhe-
sion molecule-1 (MAdCAM-1), which is expressed on HEVs in the GALT and
also contributes to the migration of lymphocytes to the gut (Mora et al. 2006). In
contrast to naïve lymphocytes and TCM, expression of L-selectin is typically lower
on TEM and TEFF cells. Instead, these cells express high levels of α4β7, which has
been identified for mediating homing to the gut-associated lymphoid tissues
(GALT) via binding to the endothelial ligand MAdCAM-1 (Streeter 1988). 

The chemokines CCL19 and CCL21 are constitutively expressed in second-
ary lymphoid tissue and mediate the recruitment of naïve lymphocytes and TCM
cells to these sites (Cyster, 1999, Campbell and Butcher, 2000, Von Andrian and
Mempel, 2003). CCL21 chemokine is displayed on the luminal surfaces of HEVs
and interacts with CCR7 chemokine receptors expressed on naïve lymphocytes
and TCM cells. CCR9 is prominently present on small intestinal T cells which are
recruited by its ligand CCL25. Furthermore, chemokine activation increases the
affinity of LFA-1 for the endothelial ligands ICAM-1 and ICAM-1, which have a
redundant function during trafficking across the HEVs (van Andrian & Mempel
2003). 

Influence of environmental stress on lymphocyte recirculation 
Since there are just a few studies available on the effects of exercise stress on
lymphocyte recirculation, we expanded the scope of this section to other forms
of stress such as psychological or thermal stress. This seems to be an appropri-
ate approach because it is well known that organisms respond to various forms
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of stress in a stereotype manner. One reason could be that many physical stres-
sors, like surgery, burn, trauma and sepsis, induce a pattern of hormonal
responses which are similar to that of exercise (Hoffman-Goetz and Pedersen
1994). 

At first recent study by Atanackovic et al. (2006) showed that acute psycho-
logical stress induces a decrease in the peripheral numbers of TN and TCM –cells.
In contrast, a prolonged increase in TEM cells was observed. Therefore, the mobi-
lized cells seem to be primarily antigen-experienced cells which might have an
important impact on the recirculation-pattern of T cells during stress. Further-
more, acute stress seems to promote the retention of less mature T cells within the
lymphoid organs. 

Many studies consistently show that the spleen acts as a donor organ by
releasing lymphocytes during stress. Dominguez-Gerpe et al. (2001) used immo-
bilization stress to determine stress-induced lymphocyte redistribution. They
detected a decreased cellularity in the spleen. Krynicki & Olszewksi (1989) used
thermal stress to provoke changes in lymphocyte migration patterns. They also
found significantly less lymphocytes in the spleen. Stefanski et al. (2003) used
models of social stress to affect the migration of blood T cells into lymphoid
organs. The social stress was induced by placing male rats into the home cage of a
resident opponent, which was followed by a decrease of 51Cr labelled blood T
cells in the spleen and in the mesenteric and cervical LNs. 

Information about exercise induced changes of lymphocyte numbers in lym-
phoid organs is still limited. Nielsen et al. (1997) showed an impaired T cell
mobilization into the blood in splenectomised subjects during endurance exercise.
In contrast, Iversen et al. (1994) observed that splenectomy was without effect on
the increase of most leukocyte subtypes after short-lasting exercise (Iversen et al.
1994). Although we hypothesize that the spleen is a source of mobilized lympho-
cytes during exercise. Using the mouse model we could demonstrate an intensity-
dependent decrease of lymphocytes in the spleen after treadmill exercise. Further-
more, this decrease was accompanied by an increase of lymphocyte numbers in
the blood (Fig. 3, Krüger et al. 2007).

Bone marrow seems to be a place for lymphocytes to accumulate during
stress. In the social stress model an increase of T cells in the bone marrow was
detected, which was confirmed by Krynicki and Olszewski (1989) using the ther-
mal stress model. Similarly, we could define the bone marrow as an acceptor
region for lymphocytes during exercise (Fig. 3, Krüger et al. 2007). It has been
observed, that immobilization stress in mice triggers specialized T-cell regulators
of erythro-, granulo- and monocytopoiesis to accumulate in the bone marrow
(Dygai et al. 1988, Goldberg et al. 1990). Therefore, the interaction of T cells
with the hematopoietic tissue in the bone marrow might be an important prerequi-
site for the production of granulocytes and erythrocytes (Shakhov et al. 1988). As
hypothesized by Cohen and Crnic (1984), migration of T cells in the bone marrow
could be an adaptive mechanism in stressful conditions in order to stimulate the
production of granulocytes and erythrocytes.

In addition we could show that exercise stress induced a redistribution of
lymphocytes into the lung (Fig. 3, Krüger et al. 2007). This might be an adapta-
tion to increased ventilation during exercise which means an enhanced probabili-
ty of contacting numerous potentially harmful agents. Therefore, the exercise
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stimulus might induce an enhanced activation of T cells followed by an amplified
trapping of lymphocytes within the lung (Hamann et al. 2000). 

Finally, the PPs seem to be another acceptor region for lymphocytes after
environmental stress (Fig. 3, Krüger et al. 2007). Conditions of febrile temper-
ature, as usually associated with infection or inflammation, are followed by an
increased lymphocyte entry into secondary lymphoid organs (Chen et al.
2006). If mice or cancer patients are exposed to whole body hyperthermia
(WBH) a decrease of blood lymphocytes has been observed (Kraybill et al.
2002, Evans et al. 2001). In mice these alterations were associated with an
accumulation of T cells in the PPs (Evans et al. 2001). Similar shifts were pro-
voked in our mice exercise model (Krüger et al. 2007). Since exercise can
induce a 1-4°C increase in body temperature through an increased metabolic
heat production, similar mechanisms might be operating (Brenner et al. 1998).
Recently, it was shown that hyperthermia as well as exercise heat stress pro-
duce a gastrointestinal barrier dysfunction and an increase of gastrointestinal
permeability (Lambert, 2004). This may allow endotoxin to enter the internal
environment and causing local and even systemic immune responses (Sakura-
da and Hales, 1998). 

As a conclusion, the redistribution of T cells into the target organs lung and
PPs might increase the capacity of the immune system in immune compartments,
which serve as major defence barriers of the body (Dhabhar et al. 1995). During
psychological stress, effector -type T cells are primarily mobilized in order to
rapidly migrate into these tissues (Atanackovic et al. 2006). Stress researchers
hypothesize a rapid but transient redistribution of leukocytes to enhance immune
surveillance. This would help stressed individuals to accumulate a greater number
of antigene- experienced lymphocytes at sites of potential immune challenge even
before the challenge is administered. In psychological stress models this activation
of the sympathetic nervous system and its crosstalk to the immune system
metaphorically means that the organism is preparing for “flight and fight”. A simi-
lar meaning could be true for exercise. Especially in the early response to an attack,
activation of the immune response and redistribution of cells seems to be an adap-
tive change that might guarantee the survival of an individual (Engler et al 2004). 

Signalling mechanisms during stress alter lymphocyte trafficking and homing
Lymphocyte trafficking is under the control of a network of surface ligands
and receptors as described above (Butcher and Picker, 1996). Recent observa-
tions of lymphocyte distribution patterns during environmental stress suggest
that signalling molecules of the autonomous nervous system and the endocrine
system also play an essential role in the regulation of lymphocyte homing
(Dhabhar et al. 1995, Engler et al. 2004). This includes catecholamines acting
via α- and β- adrenoceptors which are also expressed by lymphocytes. During
environmental stress the plasma concentrations of epinephrine and norepi-
nephrine increase substantially in an intensity dependent manner (Mastorakos
et al. 2005). Numerous studies have shown that numbers of lymphocyte sub-
sets can be dramatically altered by catecholamines (Mills et al. 1995, Murray
et al. 1992). 

A peripheral rise of catecholamines during acute stress is accompanied by
dose-dependent increases of circulating lymphocyte counts (Bosch et al. 2003,



Stefanski et al. 2000). Moreover, adrenalectomy has been shown to virtually elim-
inate the stress-induced redistribution of blood leukocytes in rats (Dhabhar et al.
1996). A few studies have investigated the influence of catecholamines on lym-
phocyte numbers in lymphoid organs. Madden et al. (1994) showed an enhanced
lymphocyte homing to pLNs in catecholamine depleted mice. Kradin et al. (2001)
and our group observed reduced numbers of lymphocytes in the spleen after
application of both epinephrine (Kradin et al. 2001) and norepinephrine (Krüger
et al. 2007). Furthermore, we were able to show that the application of adrener-
gic-receptor antagonists nadolol and phentolamine attenuates the exercise-
induced mobilization of splenic lymphocytes in mice (Krüger et al. 2007). 

In contrast, some exercise-induced changes of lymphocyte redistribution do
not seem to be influenced by catecholamines. Neither applications of epinephrine
nor norepinephrine could mimic the exercise-induced increase of lymphocytes in
the PPs and the bone marrow (Krüger et al. 2007). This suggests that alternative
signalling mechanisms, such as glucocorticoids, are at work. Atanackovic et al.
(2006) observed a higher expression of glucocorticoid receptors on CCR7- -cells
compared to CCR7+ -cells on RNA level. Thus, glucocorticoids might play a role
in the selective increase in effector T cells during stress. The role of glucocorti-
coids has been the objective of a recent study of Sudo et al. (1997). They observed
a stress-induced increase in numbers and proportions of T-lymphocytes in the
bone marrow after restraint stress, which could partly be blocked by RU486, a
glucocorticoid receptor antagonist. Since cortisol is known to increase during pro-
longed intensive exercise, a mechanism such as this might be operative during
exercise, too (Urhausen and Kindermann, 1987). 

A major mechanism by which hormonal mediators might affect lympho-
cyte homing could be the alteration of homing receptors and adhesion molecules
expression. The action of catecholamines is thought to change the surface densi-
ty or avidity state of these specific molecules, thereby modulating adhesion
forces and promoting the detachment of previously adherent cells. There is evi-
dence that catecholamines influence the surface expression of adhesion mole-
cules through the cyclic-adenosine-monophosphate (cAMP) second messenger
system (Levitzki et al. 1988, Shephard 2003), whereas it is currently unknown
which adhesion receptors are targeted by this mechanism. However, the detec-
tion of surface receptor expression provides some methodological pitfalls.
Expression changes of surface receptor and adhesion molecules during environ-
mental stress could reflect several processes such as shedding of molecules,
selective apoptosis or differential mobilization and trafficking of cells with a par-
ticular phenotype. Furthermore, effects from mechanical deformation or changes
in the induction of adhesion molecules might influence surface expression.
Accordingly, a simple measurement of surface markers provides limited infor-
mation. 

There is evidence that during exercise specific lymphocyte phenotypes are
mobilized which are characterized by specific sets of adhesion molecules. It is
assumed that exercise mobilizes predominantly cells which express high levels
of LFA-1 and low levels of CD62L. Furthermore, following exercise there seems
to be a selective removal of the same cells (Gabriel et al. 1994, Kurokawa et al.
1995, Gannon et al. 2004). In addition, Nielsen et al. (2004) observed a
decreased percentage of CD62L expression after marathon and half marathon
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run. This decrease was accompanied by an increase in levels of soluble CD62L
which indicates a shedding of adhesion molecules. Furthermore, similar changes
in L-selectins were observed after acute psychological stress (Redwine et al.
2003). 

Surface expression of ICAM-1 increased in most studies immediately after
exercise. A significant decrease of cells expressing ICAM-1 was observed later in
the post-exercise period, suggesting an extravasation of these cells out of the
blood (Gannon et al. 2001, Jilma et al. 1997, Nielsen et al. 2004, Simpson et al.
2006). Additionally, levels of soluble ICAM-1 levels were elevated immediately
after exercise and returned to baseline values after 1h of rest, too (Rehman et al.
1997). The treatment with the β-adrenergic receptor antagonist propranolol
reduces the exercise induced increase in soluble ICAM-1 -levels. This suggests
that catecholamines modify binding kinetics of ICAM-1 during exercise and lead
to a shedding of this adhesion molecule, resulting in a detachment of lymphocytes
(Rehman et al. 1997). During thermal stress, Chen et al. (2006) observed an
increased vascular density of ICAM-1, which augmented the capture efficiency of
HEVs and increased the entry of lymphocytes into lymphoid organs. Accordingly,
they identified the HEVs as potentially thermally sensitive alert system. 

Furthermore, during the past decade, the important role of vascular adhesion
molecules in artherosclerosis has been discovered and it is now recognized as a
critical factor in disease initiation and progression (Galkina et al. 2007). In this
connection some studies investigated the impact of regular exercise training of
adhesion molecules and endothelial function. In obese men and diabetics a reduc-
tion of sICAM-1 was found after daily aerobic training (Roberts et al. 2006). Fur-
thermore, Schumacher et al. (2006) found inverse correlation of physical fitness
with levels of sICAM-1 and sVCAM-1. These observations provide evidence for
the beneficial antiatherogenic effect of regular exercise. 

Finally, the role of constitutive homeostatic chemokines and their influence
on lymphocyte trafficking during environmental stress should be addressed,
although there are only limited data available. Most studies so far reported on
exercise induced changes of inflammatory chemokines such as interleukin-8,
MCP-1 or RANTES, for which the interested reader is referred to some recently
published excellent reviews (Suzuki EIR 2002). In a recent study Okutsu et al.
(2005) showed that cortisol augments CXCR4 expression on T lymphocytes.
This observation suggests that endogenous glucocorticoids induced by exercise
or stress may modify lymphocyte trafficking by up-regulating the level of
chemokine receptor CXCR4 on T-cells. Another factor responsible for a change
of CXCR4 expression might be oxygen tension. Recently, it could be demon-
strated that CXCR4 is up-regulated after ischemic or subischemic training pro-
grams. It remains to be shown, whether these regulations of CXCR4 might be
involved in the mechanisms responsible for post-exercise lymphopenia (Okutsu
et al. 2005).

As a conclusion, environmental stress influences redistribution and homing of
specific lymphocyte phenotypes. The expression of specific adhesion molecules
and surface receptors is critical for selective trafficking of lymphocytes and might
be at least partially influenced by adrenergic mechanisms. There is emerging evi-
dence for specific distribution patterns of cells during exercise stress. Cells



seemed to be primarily released by donor organs such as spleen and on the other
hand accepted in target organs such as bone marrow, lung and PPs. In conclusion,
exercise stress induces a substantial re-distribution of T-cells within lymphoid and
non-lymphoid organs. It can be hypothesized that these stress induced effects on
lymphocyte trafficking might enhance immune surveillance and vigilance. How-
ever, further investigations are crucially needed to gain more insights into the
underlying mechanisms.
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