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A critical component of host immune surveillance is immune
cell trafficking. The directional cue to circulating immune cells
is provided by an entire superfamily of chemoattractants, cytokines (also known as chemokines) and their receptors (1, 2).
Chemokines are highly basic proteins, a feature they share with
netrins, which are involved in neuronal movement. Perturbances
in chemokine-mediated cell migration are at the core of various
pathological states, including tumor metastasis and inflammatory and autoimmune diseases (1-5).
Although chemokine-induced chemotaxis is critical for immune development, the
molecular mechanisms
guiding this process
have remained unclear
(6, 7). There are various
“off ” and “on” molecular switches controlling
immune cell traffic that
include extracellular
matrix ligands, adhesion
receptors, cytoskeletal
proteins, and chemoattractants and their receptors (1-4, 6, 7). Recently, another regulatory molecule that modulates leukocyte trafficking was described by
Wu et al. (8). This report provided the first
experimental evidence
showing that Slit proteins, which guide axonal movement, also modulate chemokine-induced leukocyte migration. These results suggest that there may be
similarities in the guidance mechanisms regulating immune and neuronal cell development
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more, this knowledge opens new avenues for manipulation of
immune responses and for development of therapies against diseases mediated by chemokines and their receptors, such as inflammatory and autoimmune disorders and infection by human
immunodeficiency virus (HIV) (1-5).
Slit is an ~200 kD secretory protein originally shown to be
expressed by neurons and glial cells. This protein, which has
been cloned from different model systems, consists of a family
of three genes, Slit 1, Slit 2, and Slit 3. Slit proteins contain
four leucine rich repeats (LRRs), seven epidermal growth factor

Fig. 1. A schematic representation of the structural (A) and functional features of the Slit/Robo and
netrin/DCC complexes. Slit/Robo and netrin/DCC regulate the crossing of axons across the midline (B).
Netrin is an attractant through its receptor, DCC. Slit functions as a silencer of netrin by activating the
Robo receptor, which interacts with DCC, thereby inhibiting the effect of the attractant netrin. Upon binding to Robo, Slit also induces axonal repulsion. The legend indicates the various structural domains
present in these proteins. CC domains are conserved domains in the Robo receptor cytoplasmic domain;
P domains are conserved domains in the DCC receptors.
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(EGF) repeats, an Agrin-LamininPerlecan-Slit spacer (ALPS) domain,
and a cysteine knot (Fig. 1A) (9, 10).
The molecular target for Slit is a repulsive guidance transmembrane receptor known as the roundabout
(Robo) receptor. Robo defines a novel
subfamily of immunoglobulin (Ig) superfamily proteins and is highly conserved from fruit flies to mammals.
Robo receptors have five Ig repeats
and three fibronectin type III (FNIII)
repeats in the ectodomain (Fig. 1A)
(10, 11). Binding studies have revealed that the NH 2-terminal fragment of Slit, but not the COOH-terminal domain, binds the ectodomain
of Robo and is responsible for axon
branching and migration (12). Furthermore, the LRRs, but not the EGF
repeats, of Slit are necessary for binding to Robo (13) (Fig. 1A).
In the nervous system, the
Slit/Robo receptor complex regulates
the growth of axons and their projecFig. 2. Potential therapeutic targets of Slit.
tion to appropriate regions of the
brain, and also functions as a repellent preventing axons from
and its receptor, Robo, in different tissues, and showed that Slit
crossing non-target areas (14). Neuronal migration was realized
1 was specifically expressed in brain, whereas Slit 2 and Slit 3
as early as 1888, but the mechanisms of migration have only rewere expressed in brain as well as kidney, lung, heart, spleen,
cently been deciphered in spinal axons from Xenopus embryos
and lymph nodes. Robo was detected in lymph nodes, thymus,
(15) (Fig. 1). The movement of axons is attracted to the midline
and in neutrophils differentiated from HL-60 cells.
by neuronal guidance cues provided by netrins, which mediate
The presence of the Slit protein and its receptor Robo in orattraction by binding to the receptors of the deleted colorectal
gans that contribute to immune response suggests that Slit may
cancer (DCC) family of guidance receptors (15, 16). The midbe involved in the regulation of immune cell chemotaxis. In
line is defined by a special group of distinctive cells, which bifact, Slit 2 can inhibit leukocyte chemotaxis mediated by α
furcates the two symmetric halves of the developing central nerchemokine, stromal cell derived factor-1α (SDF-1α), and the
vous system. Commissural axons cross the midline and project
N-formyl-peptide f-Met-Leu-Phe (fMLP) (8). The effects of Slit
alongside of it, never recrossing. As axons reach the midline,
were mediated by its receptor Robo, because a fragment that
Slit silences the attraction by netrin. Direct physical interaction
contains only the extracellular part of the Robo protein (Robo
of the cytoplasmic domain of the Slit receptor, Robo, with the
N) could abolish the inhibitory effects of Slit. Functional internetrin receptor, DCC, mediates the silencing effect of Slit on
action between Robo and the cognate receptor of SDF-1α, CXnetrin. Axons do not initially express the Robo receptor on their
CR4, was sufficient to mediate Slit inhibitory activities. Inhibisurfaces. However, upon crossing the midline, Robo proteins
tion of migration was not due to a toxic effect or inhibition of
are upregulated. In addition to its silencing effect, the Robo reother functions of leukocytes, because no effect was observed
ceptor, upon binding to Slit, repels axons away from the midon signaling pathways not related to chemotaxis mediated by
line, thus ensuring that they continue on toward their final destichemokines.
nation (Fig. 1B). The positioning of the axon depends on the
These findings add a new dimension to our understanding of
type of Robo receptor expressed. The axons expressing the
chemokine-mediated chemotaxis and have opened a new era of
Robo 1 receptor stay closer to the midline, as compared to axpotential specific therapeutic interventions for autoimmune, inons expressing Robo 2 and Robo 3, which move away from
flammatory, and other diseases (Fig. 2). For example, the
the midline (17-19).
chemokine receptors CXCR4 and CCR5 act as coreceptors for
Slit is a multifunctional signaling molecule in the nervous
HIV (20-22). Thus, one of the potential targets of Slit could be
system: The commissural axons perceive Slit first as a silencer
inhibition of HIV interaction with CXCR4 and CCR5 and a reand then as a repellent and later perhaps as a branching and
sultant prevention of HIV infection. The work of Wu et al.
elongation factor. Recently, the role of Slit was extended to the
shows that Slit can inhibit SDF-1α induced, CXCR4-mediated
immune system (8). Wu et al. reported that Slit could act as an
chemotaxis (8). Therefore, Slit may also be a prime candidate to
inhibitor of chemokine-mediated chemotaxis. Although leukoinhibit breast cancer metastasis, because CXCR4 was recently
cytes migrate at a much faster rate than do neurons, their studshown to play a significant role in this process as well (5).
ies suggest similarities in the mechanisms regulating both imIn the nervous system, the inhibitory effect on axonal migramune and neuronal cell development and movement.
tion induced by Slit is due to the direct interaction between the
Further, the authors analyzed the presence of the Slit protein
cytoplasmic domain of the Slit receptor, Robo, and the netrin
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receptor, DCC, which has a single transmembrane domain (23).
However, in the immune system, the Slit/Robo complex inhibits
G protein-coupled seven transmembrane chemokine receptormediated migration. Therefore, two important questions for the
future are, first, to determine how the Slit/Robo complex interacts with chemokine receptors, and second, to characterize signaling events that lead to inhibition of chemotaxis.
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