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Directed cell migration is a prerequisite not only for the develop-
ment of the central nervous system, but also for topically restricted,
appropriate immune responses. This is crucial for host defense and
immune surveillance. Attracting environmental cues guiding leu-
kocyte cell traffic are likely to be complemented by repulsive cues,
which actively abolish cell migration. One such a paradigm exists in
the developing nervous system, where neuronal migration and
axonal path finding is balanced by chemoattractive and chemo-
repulsive cues, such as the neuronal repulsive guidance molecule-A
(RGM-A). As expressed at the inflammatory site, the role of RGM-A
within the immune response remains unclear. Here we report that
RGM-A (i) is expressed by epithelium and leukocytes (granulocytes,
monocytes, and T/B lymphocytes); (ii) inhibits leukocyte migration
by contact repulsion and chemorepulsion, depending on dosage,
through its receptor neogenin; and (iii) suppresses the inflam-
matory response in a model of zymosan-A–induced peritonitis.
Systemic application of RGM-A attenuates the humoral proinflam-
matory response (TNF-α, IL-6, and macrophage inflammatory
protein 1α), infiltration of inflammatory cell traffic, and edema
formation. In contrast, the demonstrated anti-inflammatory effect
of RGM-A is absent inmice homozygous for a gene trapmutation in
the neo1 locus (encoding neogenin). Thus, our results suggest that
RGM-A is a unique endogenous inhibitor of leukocyte chemotaxis
that limits inflammatory leukocyte traffic and creates opportunities
to better understand and treat pathologies caused by exacerbated
or misdirected inflammatory responses.

Guiding migrating cells toward their destination is of prime
importance in cell biology and physiology and is a prerequisite

for tissuehomeostasis, host defense, and immune surveillance (1, 2).
Attracting cues, such as chemokines to guide leukocyte cell traffic,
have been well characterized in recent years (3–5) and are likely to
be complemented by repulsive cues, which actively abolish cell mi-
gration. One such a paradigm exists in the developing nervous sys-
tem, where neuronal migration is regulated by chemoattractive and
chemorepulsive cues, such as the neuronal repulsive guidance
molecule A (RGM-A). The migration of leukocytes is a tightly or-
chestrated and controlled multiphasic biological cascade elicited by
chemotactic signals during an acute inflammatory process (3, 4).
Excessive immune cell migration into an inflammatory site might
result in tissue destruction and organ dysfunction (functio laesa).
Recently, neuronal guidance cues were identified that control and
attenuate inappropriatemigrationand infiltrationof leukocytes into
acutely inflamed areas (6–12). Given that the neuronal repellent
RGM-Aisexpressedat inflammatory sitesbut sharesnosequenceho-
mology with any other known guidance cues, we explored whether
it inhibits leukocyte migration in vitro and in vivo (7, 12, 13).
RGM was the first candidate for characterization as a topo-

graphic guidance cue and was originally described as a glycosylpho-
sphatidylinositol-anchored proline- and cysteine-rich glycocprotein
(13). Vertebrates comprise three homologs of RGM: RGM-A,
RGM-B (DRAGON), and RGM-C (hemojuvelin). The human
RGM-A isoform is located on chromosome 15q26.1 (14). RGM-

A is thought to be shed from the cell membrane by cleavage at
amino acid 412 or instability cleavage at the putative autopro-
teolytic cleavage site (amino acid 168), which is sensitive to pH
drop-induced cleavage (14–17). During neuronal development,
RGM-A is a chemorepulsive environmental cue that instructs nav-
igating outgrowing axons (15–17) and also acts on neuronal mi-
gration and patterning, as demonstrated by neural tube closure
defects in RGM-A knockout mice (17). In addition, RGM-A
regulates neuronal survival and differentiation by binding to its
dependence receptor neogenin (18–20). After development of
the CNS is complete, RGM-A is present in the myelin sheath
(21, 22). RGM-A reexpression is confined to the parenchymal
lesion environment, specifically in areas of inflammation after
rodent or human CNS injury (21, 22). Because axonal outgrowth
and the transmigration of leukocytes into inflamed tissue share
the conserved biological mechanisms of cytoskeleton remodeling
(9), we hypothesized that RGM-A also repulses leukocyte mi-
gration in response to chemotactic factors.
Our results demonstrate that besides being expressed in the

developing CNS and in lesions in the adult CNS, RGM-A is
strongly expressed by epithelium, leukocytes [ie, polymorpho-
nuclear leukocytes (PMNs),monocytes, andT/B lymphocytes], and
tissues that are sensitive to infection. Both in vitro and in vivo,
RGM-A inhibits PMN migration through its receptor neogenin
and modifies the inflammatory milieu by attenuating the proin-
flammatory response. In addition, RGM-A is a potent inhibitor of
leukocyte recruitment to sites of inflammation, mitigating hall-
marks of inflammation, such as edema formation and proin-
flammatory cytokine expression, in a model of mouse peritonitis.
RGM-A is essential to limiting the ability of leukocytes to trans-
migrate through epithelial cell layers, thereby attenuating the in-
flammatory milieu (“cytokine storm”), and also to reducing the
number of leukocytes subsequently recruited. Thus, we have iden-
tified a previously uncharacterized function of the neuronal guid-
ance cue RGM-A outside the CNS. Our findings identify RGM-A
as a potent immunomodulatory protein in vitro and in vivo. Its anti-
inflammatory functions through binding to its receptor neogenin.
These results support a conserved molecular role for RGM-A as
a guidance cue for neurons and leukocyte chemotaxis.
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Results
RGM-A Is Expressed Outside the CNS. To perform an immunologic
function, RGM-A must be expressed outside the CNS. We
screened various murine organs for the presence of RGM-A
mRNA and detected RGM-A expression in several organs, in-
cluding some with a direct function during an immune response
and some containing a localized immune compartment, including
lung (alveolar macrophages), spleen, and intestine (Peyer’s
patches) (Fig. 1A). Elevated RGM-A RNA expression in the
brain, lung, spleen, and intestine were verified to translate into
protein synthesis by Western blot analysis (Fig. 1B). In addition,
FACS analysis verified the expression of RGM-A by leukocyte
subsets, including CD15+ granulocytes (PMNs), CD14+ mono-
cytes, CD3+T lymphocytes, and someCD19+B lymphocytes (Fig.
1C). In response to perceived inflammatory stimulation, leuko-
cytes down-regulate RGM-A expression contrasted by induced
expression of the receptor neogenin by PMNs and monocytes
(Fig. S1 A and B). Given the repulsive bioactivity of RGM-A, we
investigated whether RGM-A is present in cells relevant to epi-
thelial and endothelial barriers, both of which are essential to
prevent the accumulation of inflammatory cells in mucosal organs
(23). Based on the profound RGM-A expression on mRNA and
protein levels, we investigated whether RGM-A is present on
endothelium and/or epithelium by immunohistochemistry in the
lung. Here RGM-A expression was confined to cytokeratin-posi-
tive epithelial cells (Fig. 2A). In contrast, RGM-A expression was
absent on von Willebrand factor (vWF)-positive endothelial cells
(Fig. 2B). Isotype controls did not exhibit any relevant signals (Fig.
2C). This finding was corroborated by the lack of RGM-A ex-
pression by two well-established endothelial cell lines, human
dermal microvascular endothelial cell 1 (HMEC-1) and human
umbilical vein endothelial cell (HUVEC) (Fig. 2D) (8).

RGM-A Reduces PMN Migration Through the Neogenin Receptor in
Vitro. Appropriate adjusted leukocyte migration and recruitment
to the inflammatory site is essential to control inflammation for

effective host defense and also to avoid tissue damage due to an
aberrant, exacerbated inflammatory response (3, 4). To test
whether RGM-A is a chemorepulsive cue for PMN migration in
vitro, we applied formyl-methionyl-leucyl-phenylalanine (fMLP)-
induced chemotaxis using a paracellular flux assay (8). On stim-
ulation by fMLP, granulocytes migrate across a semipermeable
membrane seeded with epithelial CaCo cells, forming a cell
monolayer (Fig. 3A). RGM-A reduced the fMLP-induced PMN
migration in a dose-dependent manner, reaching minimum levels
(32% ± 8%) at a concentration of 500 ng/mL (P < 0.05) com-
pared with control application of a nonspecific control protein
(BSA) in corresponding concentrations (Fig. 3B).
To further validate that the effect observed is specific to RGM-

A, we exposed RGM-A to heat inactivation (95 °C for 45 min) or
applied functional blocking RGM-A antibodies before the PMN
migration assay. In both controls, chemotactic PMN migration
was no longer attenuated (Fig. 3C). To further specify the pro-
found effect of RGM-A on PMN migration, we added RGM-A
on the apical side, basolateral side, or both sides of the semi-
permeable membrane. Apical and combined apical/basolateral
exposure of PMNs to RGM-A suppressed chemotactic migration
of PMNs to a significant degree, whereas isolated RGM-A ap-
plication to the basolateral compartment did not (apical, 63% ±
6%, P < 0.05; apical/basolateral, 42% ± 6%, P < 0.05) (Fig. 3D).
To determine in vitro whether RGM-A reduces PMN migra-

tion through a specific receptor-mediated mechanism, we first
examined whether the RGM-A receptor neogenin is expressed
by PMN (16, 18–20). We found robust expression of the RGM-A
receptor neogenin on the PMN cell membrane/surface by FACS
analysis and immunocytochemistry (Fig. 4 A and B). To de-
lineate the ligand receptor dependency of the RGM-A–triggered
effect, we preincubated neogenin-positive PMNs with increasing
concentrations of neogenin-blocking antibodies. Here the ap-
plication of neogenin antibodies abolished the previously ob-
served inhibitory effect of RGM-A on PMN migration in a dose-
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Fig. 1. RGM-A is expressed outside the CNS postdevelopmentally. (A) RGM-A
mRNA in murine tissues quantified by quantitative real-time RT-PCR compared
with levels of RGM-AmRNA expression present in the murine brain. Along with
lymphatic tissue such as spleen, pronounced RGM-AmRNA levels were detected
in organs hosting an intrinsic immune compartment, including the brain
(microglia), lungs (alveolar macrophages), and intestines (Peyer’s patches). (B)
Western blot analysis of RGM-A protein expression in pooled murine tissues
compared with levels of expression in the brain. Values correspond to relative
RGM-AmRNA levels. All data are mean ± SEM; n = 5. (C) FACS analysis verified
the expression of RGM-A by leukocyte subsets including CD15+ granulocytes
(PMNs), CD14+monocytes, CD3+ T lymphocytes, and someCD19+B lymphocytes
(PMNs). Isotype controls demonstrated no relevant signal.
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Fig. 2. RGM-A is expressed at the epithelial barrier. Given the repulsive
bioactivity of RGM-A, we investigated its presence in cells relevant for epi-
thelial or endothelial barriers. (A) In the lung, RGM-A expression is confined
to cytokeratin-positive epithelial cells. (B) In contrast, RGM-A expression is
absent on vWF-positive endothelium. (C) Isotype controls demonstrated no
relevant signal. (D) The absence of RGM-A in endothelial barriers was further
corroborated by the lack of RGM-A expression by the major endothelial cell
lines HMEC-1 and HUVEC, which serve as cell sources to investigate features
of endothelial function (8).
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dependent fashion, and the effect vanished completely at a dose
of 10 μg/mL. In contrast, application of isotype control IgG
antibodies did not attenuate the RGM-A–triggered effect (Fig.
4C). Furthermore, neo1-/- PMNs did not respond to RGM-A,
demonstrating an intact regular migration response [myeloper-
oxidase (MPO)], comparable to that of WT- derived PMNs after
apical BSA application (Fig. 4D).
After establishing the chemorepulsive properties of RGM-A,

we sought to delineate putative contact-repulsive effects. We
used a modified cell attachment assay to test the ability of seeded
PMN to bind to an RGM-A–coated surface (24). In brief, RGM-
A or BSA was immobilized on the well surface, and PMNs were
allowed to adhere. Nonadherent cells were removed by gently
rinsing the wells after 15 min. We observed that PMNs were
repulsed, and in circumscribed areas with RGM-A protein
coating up to 20 ng, PMNs were attached only sporadically. This
effect was completely reversed when PMNs were preincubated
with a neogenin-blocking antibody, which reduced viable binding
sites for the ligand RGM-A. Here PMNs were rendered in-
sensitive to RGM-A–coated surfaces. In contrast, coincubation
using a nonspecific antibody directed against HLA-class I did not
convert the contact-repulsive properties of RGM-A (Fig. 4E).
Taken together, these findings indicate that RGM-A is a potent
chemorepellent and chemorepulsive cue for leukocyte migration.

RGM-A Reduces Leukocyte Migration During Zymosan A-Induced
Peritonitis. We next explored whether the observed chemo-
repulsive and contact-repulsive properties of RGM-A on PMN
migration in vitro translate into an immunomodulatory role in
vivo. Toward this end, we used a well-defined self-limiting model
of zymosan A (ZyA)-induced peritonitis to evaluate the potential
impact of RGM-A on acute inflammation. Epithelial cells are
the main constituents of tissues lining mucosal surfaces and in-
ternal cavities (25), including specialized epithelial cells also
known as mesothelial cells. Induction of peritonitis by i.p. in-
jection of ZyA was followed by a single immediate i.v. injection
of either vehicle (NaCl + BSA 0.2%) or 1 μg of RGM-A.

Analysis of peritoneal exudates after 4 h, 8 h, and 24 h demon-
strated a significant but transient reduction of infiltrating leu-
kocytes. At 4 h, RGM-A–treated mice demonstrated significantly
reduced recruitment of inflammatory cells (0.77 ± 0.47 × 106

cells) compared with vehicle controls (2.08 ± 0.5 × 106 cells; P <
0.05) (Fig. 5A). This reduction was observed up to 8 h post-
injection but ceased by 24 h postinjection, as confirmed by sig-
nificantly reduced MPO activity levels (Fig. 5B). RGM-A was
seen to be a potent, broad inhibitor of leukocyte recruitment.
Differential count analysis demonstrated reduced counts of all
populations, including granulocytes, lymphocytes, and monocytes,
in the inflammatory exudate (Fig. 5C). Concomitant RGM-A
injection diminished histological signs of acute inflammation,
including edema formation and leukocyte infiltration, whereas
excessive inflammation occurred in vehicle controls. In summary,
RGM-A was found to inhibit leukocyte recruitment to inflam-
matory sites, reducing acute inflammation.

RGM-A Fails to Attenuate ZyA-Induced Peritonitis in neo1−/− Mice.
We investigated whether the immunemodulatory effect of
RGM-A relies on successful binding to its receptor neogenin in
vivo. We questioned whether the observed effect of RGM-A
would also be present in mice with gene-targeted repression of the
neogenin receptor (neo1−/− mice). We evaluated the extent of
inflammation at 4 h after ZyA injection, when themaximum effect
was reached (Fig. 5 A and B). Compared with WT controls, the
RGM-A–induced reduction in leukocytes infiltrating the perito-
neal cavity was not detectable in the neo1−/− mice (Fig. 6A).
Correspondingly, the neo1−/− mice did not demonstrate reduced
MPO activity levels after RGM-A injection compared with WT
controls (Fig. 6B). To gather further evidence for the control of
local inflammation through RGM-A, we evaluated the levels of
proinflammatory cytokine production in the peritoneal lavage by
ELISA analysis. RGM-A application suppressed the levels of
proinflammatory cytokines, such as TNF-α, IL-1β, IL-6, and
macrophage inflammatory protein 1α, in the peritoneal cavity of
the WT mice (Fig. 6 C–F). In contrast, neo1−/− mice did not
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Fig. 3. RGM-A inhibits active PMN migration in vitro.
(A) fMLP (10 ng/mL) induced chemotaxis-dependent
migration of PMNs through a CaCo epithelial cell
monolayer. 1 × 106 granulocytes were placed in the
apical compartment and transmigration of PMNs
measured after 60 min. Measurement of MPO as rep-
resentative marker was used to quantify basolateral
PMN transmigration. (B) PMN transmigration in the
presence of distinct concentrations of RGM-A or BSA,
showing suppression of PMN migration by RGM-A in
a dose-dependent fashion. (C) RGM-A–specific effects
on PMN migration in the presence of RGM-A antibody
(AB) and heat-inactivated RGM-A (HI-RGM-A). (D) PMN
transmigration in the presence of distinct concen-
trations of RGM-A in the apical compartment, baso-
lateral compartment, or both compartments of a trans-
migration chamber. All data are mean ± SEM; n = 6 per
group. *P < 0.05; **P < 0.01; ***P < 0.001.
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demonstrate reduced cytokine levels in the inflammatory exudate
(Fig. 6 C–F). Analysis of exudate, cytospins, and histological
evaluation of peritoneal tissue revealed a dramatic reduction of
recruited cells within the inflammatory exudates and attenuated
histological inflammatory changes after RGM-A injection in WT
mice compared with vehicle controls. In the neo1−/− mice, this
attenuated acute inflammatory response was not detectable after
RGM-A injection (Fig. S2). These results indicate that RGM-A
does not reduce ZyA-induced peritonitis in neo1−/− mice.
Because the entire effect elicited by RGM-A application is

completely reversible when the high-affinity receptor neogenin is
blocked in vitro and in vivo, the role of other RGM-A interaction
partners (e.g., BMP2, BMP4) might be redundant or down-
stream (26, 27). Taken together, our findings provide evidence
that the RGM-A is a highly conserved guidance cue for leuko-
cyte migration mitigating inflammation.

Discussion
Here we identify a previously uncharacterized function for the
repulsive neuronal guidance cue RGM-A outside the CNS as an
inhibitor of leukocyte migration during acute inflammation.
Outside the CNS, RGM-A is expressed by epithelium, leukocytes
(i.e., PMNs, monocytes, and B/T lymphocytes) and identified in
such organs as lung and kidneys, which are highly vascularized and
thereby sensitive to infections. Because the RGM-A high-affinity
receptor neogenin is strongly expressed by PMNs, its extracellu-
lar ligand RGM-A acts as a potent inhibitor of migration.

We demonstrate that epithelial RGM-A expression inhibits the
transmigration of neogenin-positive PMNs, which is known to
contribute to early epithelial injury by initiating an inflammatory
lesion. In addition, RGM-A–driven autocrine functions might
subsequently operate on leukocytes; either RGM-A–positive
leukocytes may contact-repulse neogenin-positive PMNs, or
membrane-cleaved extracellular RGM-A may chemorepulse
neogenin-positive PMNs. Indeed, a pH drop in inflammatory
lesion formation might cause autoproteolytic cleavage of cell
membrane-bound RGM-A, resulting in an extracellular RGM-A
gradient. The gradient might reach maximum levels in the in-
flammation core. This idea is supported by the detection of an
extracellular RGM-A deposit only at the inflammatory lesion core
(21). Thus, RGM-A might represent a barrier to aberrant leu-
kocyte PMN migration. Epithelial barrier function maintained by
RGM-A is essential for blocking the early onset and exacerbation
of immunopathology affecting the gastrointestinal tract, eyes,
urinary tract, and lungs. Besides its specific, primary action on
migrating neogenin-positive PMNs, RGM-A also attenuates the
subsequent development of an inflammatory milieu enriched with
chemokines and proteases. Although not expressed by endothe-
lial cells, RGM-A thus may have an indirect and secondary effect
on endothelial barrier function by attenuating the emerging
proinflammatory milieu as RGM-A reduces all leukocyte pop-
ulations in a rather broad, symmetrical way.
Evidence of a role of RGM-A in regulating inflammation under

physiological conditions was demonstrated by the recent identifi-
cation of an RGM-A polymorphism as a genetic predisposition to
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develop misdirected inflammatory responses leading to exacer-
bated inflammation in animal models of multiple sclerosis and in
human multiple scelerosis (up to an odds ratio of 1.33) (28). Thus,
under physiological conditions, RGM-A might be an essential el-
ement of appropriate immune surveillance to prevent misdirected
immune responses leading to exacerbation or autoimmunity. In the
light of our results, circulating constitutively neogenin-positive
PMNs are repulsed by RGM-A–positive epithelial barriers. The
RGM-A–neogenin mediated inhibition of migration is overcome
by pathogenic lesions (inflammatory, ischemic, or traumatic). Here
lesional RGM-A expression can be considered an integral part of

the endogenous anti-inflammatory program essential for the return
to homeostasis (29, 30). Thus, like other leukocyte-derived anti-
inflammatory cues, such as cytokines (e.g., IL-10), mediators (e.g.,
heme oxygenase 1), and immunoregulatory growth factors (e.g.,
TGF-β), RGM-A might be essential for the return to homeostasis
by orchestrating appropriate inflammatory responses during post-
lesional tissue remodeling (29, 30).
Along with cell–cell receptor–ligand interactions, RGM-A

might bind to neogenin on the same cell. The receptor and li-
gand likely are expressed on the same cell, as was shown for the
ephrin guidance molecule family (31). Repulsive proteins may
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Fig. 5. RGM-A reduces leukocyte migration and
dampens inflammation during ZyA-induced peri-
tonitis. After WT mice were injected i.p. with 1 mg
of ZyA (1 mg/mL), they were given recombinant
murine RGM-A (i.v. 1 μg in 0.2% BSA) or vehicle.
(A) Cell counts in peritoneal lavage fluid after 4 h,
8 h, and 24 h. (B) MPO activity in peritoneal lavage
after 4 h, 8 h, and 24 h. (C) Cell counts of gran-
ulocytes, lymphocytes, and monocytes in perito-
neal fluid after 4 h in mice with ZyA-induced
peritonitis and vehicle or RGM-A injection. All
data are mean ± SEM; n = 6 per group. *P < 0.05;
**P < 0.01; ***P < 0.001.
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peritonitis in neo1−/− mice. After neo1−/− mice were
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be expressed by the same cell due to modulation of their sensi-
tivity to respond to repulsive cues. This effect has been demon-
strated in several elegant experiments by the ephrins (31). By cis
interaction, ephrin-A5 was hypothesized to bind to its receptor
on the axonal surface, therebyminimizing receptors available for
sensing its environment. Consequently, a reduced number of
axonal surface receptors available led to a reduced sensitivity of
these axons (31).
This finding is in agreement with the fact that the broad in-

hibitory effect is not due to a direct interaction of RGM-A with
the chemoattractant, because pretreatment of cells with RGM-A
renders them refractory to subsequent stimulation. In analogy,
the guidance cue slit was found to repulse leukocyte traffic (6),
which was able to prevent exuberant cytokine release by the host
in sepsis and influenza models (7). The identification of endog-
enous pathways that down-regulate infiltrating cell traffic and
dampen inflammation might provide important targets for novel
interventional approaches.

Materials and Methods
Cell Culture. CaCo, HMEC-1, and HUVEC cells were used as described pre-
viously (8).

Transcriptional, Western Blot, and ELISA Analyses. RT-PCR was used to de-
termine RGM-A mRNA expression according to standard protocols (8).
Western blot was applied to SDS gels using monoclonal RGM-A antibodies
(R&D Systems) or rabbit anti–β-actin (Santa Cruz Biotechnology). Binding to
species-matched secondary antibodies was visualized by chemiluminescence
(Amersham). Cytokine levels (TNF-α, IL-1β, IL-6, and macrophage inflam-
matory protein 1α) were measured in the peritoneal lavage fluid by standard
ELISA (R&D Systems).

Immunohistochemistry and Histopathology. Slides prepared from fresh frozen
cryopreserved mice lungs were labeled with monoclonal RGM-A antibodies
(R&D Systems). Polyclonal RGM-A and vWF (Abcam) and monoclonal cyto-
keratin (Santa Cruz Biotechnology) antibody binding was visualized with Alexa
Fluor–conjugated anti-rabbit or anti-mouse antibodies (Invitrogen) and com-
pared with mouse and rabbit IgG isotype controls (Santa Cruz Biotechnology).
Following peritonitis, paraffin-embedded tissue was stained with H&E.

Cytology and Flow Cytometry. Blood was collected, pooled, and incubated
with erythrocyte lysing solution for 5min at room temperature. The following
antibodies were used: anti–RGM-A (R&D Systems), anti-neogenin (SCBT), anti-
CD45 (Immunotech), anti-CD15 (Immunotech), anti-CD14 (Serotec), anti-CD3
(Caltag), and anti-CD19 (BD Bioscience). FITC and Cy3 fluorescence of species-
matched secondary donkey antibodies (Santa Cruz Biotechnology) was
evaluated with a BD FACS Canto II unit using BD FACS Diva Software.

PMN Isolation and Transmigration Assays. In short, PMNs were freshly isolated
from whole blood anticoagulated with acid citrate/dextrose. The resulting
cell population was >97% PMNs as assessed by microscopic evaluation. PMNs
were studied within 2 h of their isolation. In subset of experiments, PMNs
were isolated from whole blood obtained from neo1−/− mice.

Peritonitis. All animal experiments were performed in accordance the reg-
ulations of the Regierungspräsidium Tübingen. Eight- to 12-wk-old C57BL/6
mice were injected i.p with 1 mL of ZyA (1 mg/mL; Sigma-Aldrich), as de-
scribed previously (32).

Cell Adhesion Assay. Cell adhesion assays were carried out as described
previously (24). RGM-A or BSA was immobilized onto plastic dishes in de-
creasing concentrations, and the cells were allowed to attach for 15 min.

Splenocte Stimulation. Splenocyte cell suspensions were prepared following
standard procedures. Splenocytes were cultured in the presence or absence of
10 μg/mL ZyA (disolved 0.1% ethanol) at 37 °C for 24 h and then analyzed
by FACS.

Neo1−/− Mice. Neo1 gene trap (encoding neogenin) mice were kindly pro-
vided by Dr. Marc Tessier-Lavigne (The Rockefeller University) (33).
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