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ABSTRACT
Antigen recognition, lymphocyte prim -
ing and effector responses in inflamed
tissues depend on a coordinated and
sequential series of events that take
place in different anatomical compart -
ments. The integration of these process -
es is favoured by the dynamic capacity
of leukocytes to recirculate between the
bloodstream and specific organs and to
n av i gate inside the tissues in a pro -
grammed fashion, regulated by a com -
p l ex interaction of cell adhesion
molecules and soluble ch e m o at t ra c -
tants, in particular chemokines. In this
rev i ew we discuss the role of
chemokines and chemokine re c ep t o rs
in reg u l ating leuko cyte tra ffi cking in
different anatomical sites in the context
of distinct functional phases of the
immune/inflammatory response.

Introduction
Chemokines (CK) are low molecular
weight (8-14 Kd), mostly basic , struc-
turally related, secreted or membrane
bound proteins (1). Their main activity
is cell attraction and because of this
p ro p e rt y, CK are constitutive ly pro-
duced in organs where cell mobiliza-
tion is required for the maintenance of
local homeostasis. For ex a m p l e,
haematopoiesis in bone marrow, lym-
p h o cyte education in the thy mu s ,
immune response organisation in sec-
ondary lymphoid organs as well as in
e m b ryogenesis and neurogenesis (2).
On the other hand, CK can be induced
or upregulated in the context of inflam-
m at i o n , wh e re they behave as pro
i n fl a m m at o ry mediat o rs , p ro m o t i n g
leukocyte migration and favouring the
re c ru i t m e n t , a n t i gen encounter and
cooperation of different leukocyte sub-
sets in peripheral tissues (2). 

Up to date, more than 40 CK have
been ch a ra c t e rised (1). Th ey share a
tertiary structure stabilized by four cys-

teine residues that fo rm disulphide
bonds. CK have been classified in dif-
ferent subfamilies (Table I) on the basis
of the arra n gement of these cy s t e i n e
residues, which can be adjacent to each
other (CC chemokines), separated by
one (CXC chemokines) or three amino
acids (CXXXC chemokines) (1). A
protein with two instead of four con-
s e rved cysteines (lymphotactin) has
also been described (C chemokine) (3). 
The effect of CK on target cells is
m e d i ated by seven tra n s m e m b ra n e
domain re c ep t o rs (CKR) coupled to
t ri m e ric G proteins. This stru c t u re
ch a ra c t e ri zes the G-pro t e i n - c o u p l e d
re c eptor superfa m i ly (GPCR), wh i ch
includes receptors for many other sig-
nalling molecules such as horm o n e s
and neurotransmitters. The binding of a
CK on its cognate CKR can induce a
wide spectrum of effects. These include
activation and clustering of cell adhe-
sion molecules (integrins), which facil-
itate the firm adhesion of leukocytes to
the endothelial surface, or the process
of actin poly m e ri z ation and bre a k-
down, which favours cytoskeletal rear-
rangements and cell mobilization (4).
Due to these effects of CK, leukocytes
can recirculate from the bloodstream to
specific organs and move inside the tis-
sues in a programmed fashion, regulat-
ed by a spatial and temporal succession
of different CK gradients (5, 6) (Fig. 1).
Of note, the activity of CK is not
restricted to cell mobilization as they
can directly participate to cell activa-
tion inducing the release of the content
of cytoplasmic storage gra nules or
upregulating the expression of soluble
and membrane bound molecules (7, 8).
In this review we will describe first the
role of chemokines and ch e m o k i n e
re c ep t o rs in reg u l ating homeostat i c
t ra ffi cking to secondary ly m p h o i d
o rga n s , fo l l owed by their specifi c
action in the genesis of the immune
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response. We will then review their role
in regulating the trafficking of effector
cells and in the process of lymphoid
neogenesis that is observed at chronic
inflammatory sites.  

Role of chemokines and chemokine
receptors in regulating naïve lymph-
ocyte homeostatic trafficking to 
secondary lymphoid organs
Under homeostatic conditions, naïve T
and B lymphocytes recirculate from the
bl o o d s t ream to secondary ly m p h o i d
organs where they can interact with one
another and with different subsets of
antigen presenting cells. If no specific
antigenic stimuli are present, they exit
secondary lymphoid organs through the
efferent lymphatics and, via the tho-
racic duct, regain the systemic circula-
tion perp e t u ating their route (9, 1 0 ) .
C i rc u l ating naïve ly m p h o cytes enter
peripheral lymph nodes mainly through
specialised vessels with the character-
istic high endothelial venule morpholo-
gy (HEV). Although most of the circu-
l ating leuko cytes can make contact
with HEV, under homeostatic condi-
tions only few of them (mainly naïve
ly m p h o cytes) are allowed to migrat e
inside lymphoid tissues. This selectivi-
ty is due to the interaction between spe-
c i fic CKR ex p ressed by ly m p h o i d
homing cells and CK constitutive ly
ex p ressed in secondary ly m p h o i d
organs (11). The best candidate CK in
favouring naïve lymphocyte homing to
secondary lymphoid tissues are SLC/
CCL21 and ELC/CCL19, wh i ch are
c o n s t i t u t ive ly produced by stro m a l
c e l l s , d e n d ritic cells and endothelial
cells in the T cell area of secondary
lymphoid organs (12). They function as
ligands for the CKR CCR7 expressed,
in humans, by all naïve lymphocytes
but absent on the surface of granulo-
cytes, monocytes and a proportion of
effector lymphocytes (13). The impor-
tance of SLC and ELC in triggering
CCR7 positive lymphocyte homing to
secondary lymphoid tissues is support-
ed in vivo by the relative absence of
naive T cells in the lymphoid tissues of
plt/plt mice, a spontaneous mu t a n t
strain deficient in SLC and ELC genes
(14, 15) and by the similar phenotype
p roduced by a targeted mu t ation in

CCR7 (16). The critical role of SLC
and ELC in promoting ly m p h o cy t e
trafficking in lymph nodes have been
f u rther confi rmed by recent ex p e ri-
ments wh i ch could demonstrate by
i n t ravital micro s c o py the inhibitory
effect of CCR7 desensitization in naïve
T cell adhesion to HEV endothelial
cells in normal mice and the efficacy of
SLC and ELC to restore naïve T cell
adhesion and trafficking when singu-
larly injected in plt/plt mice (17, 18). It
is interesting to note how B and T cells
exhibit differences in secondary lym-
phoid organ homing properties. Even if
both naïve T and B cells respond in
vitro to SLC and ELC in chemotaxis
assays (19), B cells are present in rela-
tively normal quantities in plt/plt mice

(15). This aspect has been re c e n t ly
a dd ressed by Cyster and colleag u e s
(20) who provided evidence of the effi-
cacy of SDF-1/CXCL12 (CXCR4 lig-
a n d, another CK constitutive ly
expressed in the T cell areas of sec-
ondary lymphoid organs) in providing
triggering signals for B cells entry to
murine lymph nodes, having the poten-
tiality to act as a functional substitute
for SLC/ELC in a fully redundant fash-
ion. The same authors could also
d e m o n s t rate that SDF-1-CXCR4 wa s
also capable of promoting T cell hom-
ing to lymph nodes, although SLC/
ELC-CCR7 played a dominant ro l e.
Recently, our group have shown how
SDF-1 injected in human lymph nodes
transplanted into SCID mice is able to

Table I. Human CXC, C, CC and CX3C chemokines and relative receptors.

Chemokines Systematic name Chemokine receptors

GRO α CXCL1 CXCR2
GRO β CXCL2 CXCR2
GRO γ CXCL3 CXCR2
ENA-78 CXCL5 CXCR2
GCP-2 CXCL6 CXCR2, CXCR1
NAP-2 CXCL7 CXCR2
IL-8 CXCL8 CXCR2, CXCR1
Mig CXCL9 CXCR3
IP-10 CXCL10 CXCR3
I-TAC CXCL11 CXCR3
SDF-1 CXCL12 CXCR4
BCA-1 CXCL13 CXCR5

Lymphotactin XCL1 XCR1

MCP-1 CCL2 CCR2
MCP-2 CCL8 CCR3
MCP-3 CCL7 CCR1, CCR2, CCR3
MCP-4 CCL13 CCR2, CCR3
MIP-1α CCL3 CCR1, CCR5
MIP-1 β CCL4 CCR5
RANTES CCL5 CCR1, CCR3, CCR5
EOTAXIN CCL11 CCR3
EOTAXIN-2 CCL24 CCR3
EOTAXIN-3 CCL26 CCR3
LARC CCL20 CCR6
TECK CCL25 CCR9
CTACK CCL27 CCR10
TARC CCL17 CCR4
MDC CCL22 CCR4
DC-CK1 CCL18 ?
ELC CCL19 CCR7
SLC CCL21 CCR7

Fractalkine CX3CL1 CX3CR1

Adapted from Zlotnik A and Yoshie O: Immunity 2000; 12: 121-7
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favour human peri p h e ral blood ly m-
phocytes migration to lymphoid tissue,
suggesting a similar potential role for
SDF-1 in triggering lymphocyte hom-
ing to lymphoid tissue in vivo also in
humans (21). 

Role of chemokines and chemokine
receptors in regulating specific leuk-
ocyte trafficking within secondary 
lymphoid organs: Genesis of the
immune response
S eve ral studies perfo rmed in mouse
models have highlighted the centra l
role of CK in maintaining the organiza-
tional structure of secondary lymphoid
o rgans. CK mainly act by dire c t i n g

specific leukocyte populations to dis-
crete compartments and by favouring
interactions between distinct cell popu-
l ations. This provides a coord i n at e d
interactive program, functional in the
genesis of the specific immu n e
response. Two main steps can be identi-
fi e d : the encounter- c o o p e ration betwe e n
l o c a l ly migrated naïve ly m p h o cy t e s
and different subset of antigen present-
ing cells, and the encounter-coopera-
tion between locally activated T and B
cells.
Due to the combined action and selec-
tive expression in specific areas of a
group of “lymphoid homing CK” (T
cell area express SLC and ELC, while

B cell areas ex p ress BLC/BCA-1/
CXCL13) (Fig. 2, A and B), T and B
cells migrate in distinct compartments
of secondary lymphoid organs where
they can interact with the appropriate
type of antigen presenting cells (12). In
p a rticular BLC/BCA-1, wh i ch func-
tions as a ligand for the CKR CXCR5,
expressed in humans by naïve B cells
but not naïve T cells (13), promotes the
selective recruitment of B cells in B
cell follicles where antigen is displayed
by follicular dendritic cells (FDC). On
the contrary, SLC and ELC, which as
above described favour the migration
of naïve lymphocytes from the blood-
stream to the lymph node, promote the

Fig. 1. Schematic representation of the role of CK and CKR in leukocyte mobilization and activation. Lines A and B show the multistep cascade involved in
leukocyte-endothelial interactions, which regulate the recruitment of leukocytes from the bloodstream into the tissues. 
In the first step (A1 and B1) leukocytes establish transient contacts with the endothelial surface (tethering and rolling) through the interaction of selectin
molecules (thin vertical lines) that bind to oligosaccharide ligands (double thin vertical lines). These molecules can be expressed in a reciprocal fashion both
by leukocytes and endothelial cells. This step does not require cell activation and is independent of the CKR pattern expressed by leukocytes (different
colours represent different CKR).
In the second step (A2 and B2), only the leukocytes presenting CKR specific for the CK displayed by the endothelium can progress further in the cascade
(integrin activation) with clustering and affinity increase of integrin molecules (e.g. LFA-1, α4β1). This favours the arrest of the leukocytes on the endothe-
lial surface (firm adhesion), by means of interaction between activated integrins and their endothelial ligands (e.g. ICAM-1,VCAM-1) (double green squares)
(B3). The leukocytes whose surface integrins have not been activated do not arrest and carry on rolling on the endothelium (A3 and A4), while the formation
of strong bonds enable leukocytes to begin the process of vascular transmigration (diapedesis) (B4). Once in the tissue, leukocytes move and position them-
selves in specific areas,dr iven by sequential chemotactic gradients, which can involve different CKR (multistep navigation model) (B5 and B6). CK also par-
ticipate in the activation of leukocytes, favouring the release of soluble molecules or the expression of membrane bound molecules (purple triangle) (B5) that
leads to downstream effects on resident cells (B6). 
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localization of naïve T cells in the sur-
rounding T cell area and their interac-
tion with mature, antigen loaded, den-
d ritic cells (Fi g. 2 C). Although the
migratory habits of FDC (or their pre-
cursors) are currently unknown, several
in vitro and in vivo studies have sug-
gested that dendritic cell migration to
the T cell area is a CK driven process,
implying a time-ordered expression of
different CKR as well as CK produc-
tion. In vitro d i ffe re n t i ated human
immature dendritic cells are character-
ized by the expression of multiple CKR
( C X C R 1 , C C R 1 , C C R 2 , CCR5 and
CCR6, see Table I for ligands) specific
for CK produced under inflammatory
conditions (13, 22, 23). This CKR pat-
tern can favour their recruitment from
the bl o o d s t ream to inflamed tissues
wh e re the re s p e c t ive CK ligands are
abu n d a n t ly pro d u c e d. Once activat e d
by inflammatory stimuli, such as TNF-
α, IL-1, bacterial or viral products they
undergo a process of maturation. This
i nvo l ves an enhanced ex p ression of
c o s t i mu l at o ry molecules (CD80,
CD86) and an increased antigen pre-
sentation capacity. In addition, mature
d e n d ritic cells sw i t ch their CKR
expression pattern and CK responsive-
ness. Th ey dow n reg u l ate the ab ove
described CKR for inflammatory CK
and upregulate receptors responsive to
CK produced within secondary ly m-
phoid organs, such as CCR7 (22, 23).
Thus, upon maturation, dendritic cells
can acquire a CKR driven tropism for
s e c o n d a ry lymphoid organs and
m i grate through affe rent ly m p h at i c
vessels (24, 25) (Fi g. 2C). The pro-
posed model for naïve T cell and den-
dritic cell migration provides a clear
example of flexibility and coordination
of the CK-CKR system. Immature den-
d ritic cells are fi rst re c ruited by the
action of inflammatory CK to peripher-
al tissues where they can capture anti-
gens. Subsequently, the inflammatory
e nv i ronment favo u rs their mat u rat i o n
that is associated to an enhanced anti-
gen pre s e n t ation capacity and to the
acquisition of CKR for CK produced in
s e c o n d a ry lymphoid organs. Due to
this process they can migrate to the
lymphoid tissue and exert their APC
function for naïve cells wh i ch have

been locally recruited by the same CK
(SLC and ELC) ( Fig. 2 C). 
Once activated by the appropriate type
of antigen presenting cells in different
compartments, T and B cells need to
cooperate for an efficient generation of
the T dependent specific humora l
re s p o n s e. A ga i n , this process can be
explained by a synchronous switch in
CKR usage. Activated T cells, stimulat-
ed by dendritic cells in the T cell areas
u p reg u l ate CXCR5 (BLC/BCA-1
re c eptor) and dow n reg u l ate CCR7
function (26). They become sensitive to
BLC/BCA-1, expressed within B cell
follicles, moving towards the B cells
areas (follicular homing T cells). On
the opposite side, B cells, once activat-
ed by antige n s , u p reg u l ate CCR7
expression, moving towards the T cell
area (27). The reciprocal exchange of
CKR usage can lead to the encounter of
T and B cells at the follicular border
area (28) ensuring a coordinated pro-

cess of cell interactions, important for
the phy s i o l ogical genesis of the
immune response (Fig. 2 D). 

Role of chemokines and chemokine
receptors in regulating specific 
leukocyte trafficking to inflamma-
tory sites: Effector response
During an immune/inflammatory reac-
tion, effector cells and antigen present-
ing cells (effector memory T lympho-
cy t e s , gra nu l o cy t e s , m o n o cytes and
dendritic cells) need to be recruited to
the site of tissue injury. This is possible
due to the capacity of several inflam-
matory mediators (such as TNF-α) to
favour the upregulation of a series of
inducible CK that promote endothelial
adhesion and intratissue localization of
inflammatory cells (29-31). For exam-
p l e, human monocytes and gra nu l o-
cytes, similarly to what described for
immature dendritic cells, constitutively
ex p ress re c ep t o rs for many diffe re n t

Fig. 2. (A) Immunostaining for SLC (in red) in human tonsil. SLC protein is localized in the T cell rich
areas surrounding B cell follicles (original magnification 100X). (B) Immonostaining for BCA-1 (in
red) in human tonsil. BCA-1 protein is localized in the B cell rich follicles but not in the T cell areas
(original magnification 200x). (C) Schematic role of SLC and BCA-1 in dendritic cell,T cell and B cell
migration and compartmentalization within specific areas of secondary lymphoid organs. SLC (and
ELC) mediate the localization of CCR7 positive T lymphocytes and mature dendritic cells in the T cell
rich areas, while BCA-1 favour the recruitment of CXCR5 positive B lymphocytes in follicles where
they can interact with follicular dendritic cells. (D) Role of BCA-1 and SLC in T-B cell encounter and
cooperation within secondary lymphoid organs. A switch in CKR expression by activated T and B cells
favours their concomitant recruitment at the follicular-T cell rich border area. (See text for further
details). iD= immature dendritic cells; mDC= mature dendritic cells; nT, naïve T cells; nB, naïve B
cells; HEV, high endothelial venule.
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inflammatory CK (13). Because of this
they can be readily recruited from the
bloodstream, forming a “ready to use
pool” of circulating cells acting as a
fi rst line of defence (effector leuko-
cytes) or initiating the antigen presenta-
tion process (antigen presenting cells).
In contrast, as mentioned above, naïve
T and B lymphocytes are programmed
to re c i rc u l ate to secondary ly m p h o i d
organs where they acquire effector pro-
prieties (effector memory T cells and
plasma cells) and peri p h e ral tissues
homing capacity only after a differenti-
ation phase, which takes place within
this specialised tissue. Once again, the
m o d i fi c ation of the migrat o ry behav i o u r
of effector ve rsus naïve ly m p h o cy t e s
can be explained, at least in part, by a
switch of CKR and adhesion molecules
usage induced upon maturation. Fur-
thermore, it is important to highlight
that the process of lymphocyte differ-
entiation, as well as their CKR usage
modification, can be modulated at dif-
fe rent parallel and sequential leve l s ,
d epending on the cell subpopulat i o n , t h e
required typology of effector response
and the target tissue specificity.
Once activated by T cells, some B lym-
p h o cytes pro l i fe rate and diffe re n t i at e
out of the follicle, while others give rise
to the germinal centre reaction with the
development of memory B cells and
plasma cells producing high affi n i t y,
isotype switched Ig. Plasma cell traf-
ficking seems to be regulated by a CKR
s p e c i fic modulation. Recent ex p e ri-
ments in mice have shown how naïve B
cells (wh i ch ex p ress functional CKR
for the lymphoid homing CK SLC,
ELC, SDF-1 and BLC/BCA-1) loose
re s p o n s iveness to BLC/BCA-1, S L C
and ELC while differentiating in plas-
ma cells. The unre s p o n s iveness fo r
lymphoid CK is associated with the
downregulation of their specific recep-
tors CXCR5 and CCR7. On the con-
t ra ry, CXCR4 ex p ression is main-
tained, together with an increased sen-
sitivity to SDF-1 (32). SDF-1 is highly
ex p ressed in bone marrow wh i ch is
known to be a preferential plasma cell
homing site. In addition,SDF-1 ectopic
hy p e r- ex p ression in the pancreas of
transgenic animals has been shown to
favour plasma cell local re c ru i t m e n t

(33). These data together support the
hypotesis that, at least in mice, SDF-
1/CXCR4 may be critically involved in
plasma cell trafficking regulation.
A n t i gen primed T cells, p ro l i fe rat e
under the control of mature dendritic
cells in the T cell area of secondary
lymphoid organs and progressively dif-
fe re n t i ate into effector and memory
cells. A recently proposed theory sug-
gests that not all activated T lympho-
cytes loose secondary lymphoid organ
homing habit. Recent studies have
shown that a fraction of antigen primed
T ly m p h o cytes maintain their naïve -
like CK receptor pattern (CCR7) and
lymphoid homing pro p e rties. Th e s e
cells (called “central memory” T cells)
l a ck immediate effector cap ab i l i t i e s
wh i ch can be rap i d ly acquired upon
s e c o n d a ry antigen stimu l ation. It has
been suggested that “central memory”
cells rep resent a cl o n a l ly ex p a n d e d
antigen primed population which trav-
els through secondary ly m p h o i d
organs, maintaining the immunologic
memory for already experienced anti-
genic stimuli (34, 35). On the contrary,
p a rt of effector memory T ly m p h o-
cytes, which display immediate effec-
tor functions, can down regulate lym-
phoid homing adhesion molecules and
CKR (such as CCR7) and up regulate a
series of glycoproteins, integrins and
CKR specific for ligands produced in
inflamed tissues (13, 34, 36, 37) where
t h ey can be re c ruited together with
m o n o cy t e s , i m m at u re dendritic cells
and gra nu l o cytes. Some of this neo
ex p ressed molecules are share d
between most of the lymphocyte sub-
sets and give them a non-specifi c
t ropism for inflamed env i ro n m e n t s .
However, other molecules synthesised
upon activation can diversify the hom-
ing behaviour of effector T ly m p h o-
cytes at two further levels. In particular,
different migratory capabilities seem to
be acquired by distinct populat i o n s
with specific functional features (TH1
and TH2), and by cells activated in dif-
ferent anatomical compartments, giv-
ing rise to effector cells programmed to
migrate selectively to specific tissues.
CKR have a major role in these differ-
e n t i ation steps. Seve ral studies have
shown that Th1 and Th2 polarization is

preferentially associated with distinct
set of CKR: CXCR3 and CCR5 with
TH1 whilst CCR4, CCR8 and CCR3
with Th2 cells (38-41). In this way, Th1
and Th2 polarized cells acquire distinct
homing potential and can be specifical-
ly recruited by CK produced in tissues
affected by specific types of inflamma-
tion in which their intervention is pref-
e re n t i a l ly effe c t ive. A c c o rd i n g ly, d i f-
ferent CK are differentially produced in
distinct pat h o l ogical situations. Fo r
ex a m p l e, Eotaxin/CCL11 (CCR3 lig-
and) is produced in tissues undergoing
a l l e rgic infl a m m at i o n , whilst IP-10/
C X C L 1 0 , M I G / C X C L 9 , I - TAC /
CXCL11 (CXCR3 ligands) are mainly
produced in DTH reactions (13). How-
ever these observations remain contro-
versial and while recent data have con-
fi rmed the pre fe rential ex p ression of
some CKR by polarised T cell popula-
tions,they have also highlighted that all
CKR can be expressed by either Th1
and Th2 populations (42). It is suggest-
ed that a more specific definition of dif-
ferential CKR patterns by polarised T
cells can be achieved only taking into
account particular CKR combinations
(42). 
Alongside the non-specific tropism for
i n flamed tissues, e ffector memory T
cells appear also to gain tissue specific
homing properties, which are acquired
under the influence of unknown factors
acting during T cell priming in the cor-
responding draining lymphoid organs
(43). The specificity of these subsets
for their target organs derives fro m
selective expression of specific adhe-
sion molecules and CKR that recognise
ligands that are differentially expressed
at these tissue sites. To date, the best
characterized tissue specific T cell pop-
ulations are the skin and gut homing
populations. Skin homing cells prefer-
entially express CLA and CCR4 while
gut homing lymphocytes distinctively
express α4β7 and CCR9 that facilitate
the adhesion and tra n s m i grat i o n
re s p e c t ive ly on E-selectin/TARC and
MAdCAM-1/TECK positive skin and
intestinal microva s c u l at u re (44).
Although indirect evidence for other
tissues such as the synovial membrane
has been provided (45, 46), no specific
homing receptors or CK-driven migra-
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tory pathways have been so far identi-
fied. 

Further complexity: Inflamed 
tissue draining lymph nodes and 
lymphoid neogenesis within 
chronic inflammatory sites
In previous paragraphs we have
d e s c ribed naïve ly m p h o cyte re c i rc u l a-
t o ry routes between secondary ly m-
phoid organs and the bl o o d s t ream and
e ffector ly m p h o cy t e, m o n o cy t e, i m m a-
t u re dendritic cell and gra nu l o cyte hom-
ing pat h ways to specific effe c t o r /
i n fl a m m at o ry sites. Howeve r, it should
be emphasised that altern at ive re c i rc u-
l at o ry pat h ways may co-exist. Fo r
ex a m p l e, d u ring an immu n o / i n fl a m m a-
t o ry re s p o n s e, m o n o cyte and memory
ly m p h o cyte re c i rc u l ation to secondary
lymphoid tissues can be dra m at i c a l ly
enhanced (47, 48). Although the pro-
cess can be tri gge red by an incre a s e d
cellular dra i n age from inflamed tissues
t h rough affe rent ly m p h atic ve s s e l s , i t
also seems to invo l ve an incre a s e d
re c ruitment from the blood stre a m
t h rough high endothelial ve nules. Sev-
e ral pieces of evidence can ex p l a i n , at a
molecular leve l , this phenomenon.
I n fl a m m at o ry CK, ex p ressed duri n g
i n fl a m m ation in peri p h e ral tissues and
re s p o n s i ble for the local re c ruitment of
m o n o cytes and effector memory T ly m-
p h o cy t e s , can be drained through affe r-
ent ly m p h atics to secondary ly m p h o i d
o rgans. Here, t h rough fi b ro blastic re t i c-
ular cell netwo rk conduits, t h ey can be
t ra n s p o rted on high endothelial ve nu l e s ,
favo u ring endothelial adhesion and va s-
cular tra n s m i gration. This model sug-
gests that secondary lymphoid tissues
homing ch a ra c t e ristics can be modulat-
ed re m o t e ly by fa c t o rs produced by
d rained inflamed peri p h e ral tissues
(49). In add i t i o n , under immu n o /
i n fl a m m at o ry conditions, the same sec-
o n d a ry lymphoid organs have been
s h own to upreg u l ate the production of
m a ny infl a m m at o ry CK, not ex p re s s e d
or ex p ressed at ve ry low level under
resting conditions. The local pro d u c t i o n
of these molecules, wh i ch can be
exposed on high endothelial ve nu l e s ,
can further contri bute to monocyte and
m e m o ry T ly m p h o cyte local accumu l a-
tion (50, 51) (Fi g. 3 A , B ) .

On the other hand, it is well known that
in chronic autoimmune inflammatory
conditions such as rheumatoid synovi-
tis or Sjogren’s sialoadenitis a process
of lymphoid neogenesis can take place
in inflamed tissues (52-54). This phe-
nomenon is frequently characterized by
the development of secondary ly m-
phoid organ-like cellular organizations
with the constitution of discrete areas
of T-B segregation, formation of FDC
networks and even true germinal cen-
t res. In add i t i o n , in these are a s ,
endothelial cells may show morpholog-
ical and molecular features of the HEV
present in secondary lymphoid organs.
I n t e re s t i n g ly, in association with this
ly m p h o i d - l i ke orga n i z ational pro c e s s ,
m a ny lymphoid CK constitutive ly
ex p ressed in secondary ly m p h o i d
organs (such as SLC, ELC, BCA-1 and
SDF-1) can be ectopically induced (55-
58) (Fi g. 3 C, D). In part i c u l a r, i n
r h e u m atoid art h ri t i s , the synov i a l
expression of the CK SLC have been
s h own to be associated to the local
presence of mature dendritic cells and
naïve T lymphocytes (58, 59). Thus,
the ectopic ex p ression of ly m p h o i d
homing CK, might be involved in the

‘ m i s d i re c t i o n ’ of naïve ly m p h o cy t e s
and mature dendritic cells from their
route to secondary lymphoid organs to
sites of chronic inflammation. In this
c o n t ext the inflamed tissue wo u l d
acquire the functional features of a neo
lymph node like station dire c t ly
i nvo l ved in ly m p h o cyte priming and
immune response construction. 

Concluding remarks
CK reg u l ate most of the dy n a m i c s
involved in the immune system home-
ostasis, in the genesis of the immune
response and the inflammatory process.
This justifies the growing interests of
r h e u m at o l ogists and pharm a c e u t i c a l
companies for CK, as potential thera-
peutic targets. Although encouragi n g
results have been obtained in mouse
models of arthritis with CKR antago-
nists (60,61),many aspects of CK biol-
ogy need further clarification for the
definition of new, safe and effective,
anti CK therapies in humans. In partic-
ular, the exact role of each single CK in
the context of the inflammatory cas-
cade has not been fully establ i s h e d,
likewise their behaviour in the context
of different pathological conditions. In

Fig. 3. (A) Secondary lymphoid organs constitutively express “lymphoid homing”CK which are func-
tionally involved in naïve lymphocyte local homeostatic trafficking. (B) In inflamed lymph nodes some
of the inflammatory CK can be locally produced and/or transported from periphery. (C) In inflamed
peripheral tissues a number of “inflammatory” CK can be induced. These CK are involved in effector
leukocyte local recruitment. (D) In long standing chronic inflammation,a process of lymphoid neoge-
nesis can take place in involved tissue. This process is associated with the ectopic production of “lym-
phoid homing” CK.
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addition, many CK are constitutively
ex p ressed in diffe rent organs and
involved in vital processes such as lym-
phopoiesis and immune homeostasis
making it problematic to target them
therapeutically. Further insight is also
necessary in the comprehension of the
molecular aspect of CK-CKR interac-
tions. As shown in Table I many differ-
ent CK function as ligands for the same
receptor and a single CK can bind to
d i ffe rent re c ep t o rs. Due to this high
redundancy and versatility of CK and
CKR, which probably has only been
p a rt i a l ly ch a ra c t e ri ze d, it is easy to
i m agine how post inhibition escap e
strategies could easily develop within
the complex infl a m m at o ry netwo rk
wh i ch ch a ra c t e rise ch ronic immu n o -
m e d i ated diseases. Furt h e rm o re, a s
recently evidenced, many CK not only
function as agonists for their specific
re c ep t o rs but can behave as nat u ra l
antagonists for other CKR, suggesting
that the system is even more complex
than it was believed so far and that the
inhibition of one infl a m m at o ry pat h-
way could lead to the amplification of
c o l l at e ral ones. In concl u s i o n , d at a
rep o rted in this rev i ew highlight the
enormous potential of CK as pharma-
c o l ogical targets for immu n o s u p p re s-
sion and underline the importance of
basic research in the field of CK biolo-
gy not only as a necessary requirement
in prospective of new immunosuppres-
sive therapies development but also for
a better comprehension of rheumat i c
disease pathogenesis.
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